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ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT

Pursuant to Article 1 of the Convention signed in Paris on 14th December 1960, and which came into force on 30th
September 1961, the Organisation for Economic Co-operation and Development (OECD) shall promote policies designed:

− to achieve the highest sustainable economic growth and employment and a rising standard of living in Member
countries, while maintaining financial stability, and thus to contribute to the development of the world economy;

− to contribute to sound economic expansion in Member as well as non-member countries in the process of economic
development; and

− to contribute to the expansion of world trade on a multilateral, non-discriminatory basis in accordance with
international obligations.

The original Member countries of the OECD are Austria, Belgium, Canada, Denmark, France, Germany, Greece,
Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom
and the United States. The following countries became Members subsequently through accession at the dates indicated hereafter:
Japan (28th April 1964), Finland (28th January 1969), Australia (7th June 1971), New Zealand (29th May 1973), Mexico (18th
May 1994), the Czech Republic (21st December 1995), Hungary (7th May 1996), Poland (22nd November 1996), Korea (12th
December 1996) and the Slovak Republic (14th December 2000). The Commission of the European Communities takes part in the
work of the OECD (Article 13 of the OECD Convention).

NUCLEAR ENERGY AGENCY

The OECD Nuclear Energy Agency (NEA) was established on 1st February 1958 under the name of the OEEC European
Nuclear Energy Agency. It received its present designation on 20th April 1972, when Japan became its first non-European full
Member. NEA membership today consists of 27 OECD Member countries: Australia, Austria, Belgium, Canada, Czech Republic,
Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the Netherlands,
Norway, Portugal, Republic of Korea, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the United States. The
Commission of the European Communities also takes part in the work of the Agency.

The mission of the NEA is:
− to assist its Member countries in maintaining and further developing, through international co-operation, the

scientific, technological and legal bases required for a safe, environmentally friendly and economical use of nuclear
energy for peaceful purposes, as well as

− to provide authoritative assessments and to forge common understandings on key issues, as input to government
decisions on nuclear energy policy and to broader OECD policy analyses in areas such as energy and sustainable
development.

Specific areas of competence of the NEA include safety and regulation of nuclear activities, radioactive waste
management, radiological protection, nuclear science, economic and technical analyses of the nuclear fuel cycle, nuclear law and
liability, and public information. The NEA Data Bank provides nuclear data and computer program services for participating
countries.

In these and related tasks, the NEA works in close collaboration with the International Atomic Energy Agency in
Vienna, with which it has a Co-operation Agreement, as well as with other international organisations in the nuclear field.
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every country except the United States. In the United States permission should be obtained through the Copyright Clearance Center, Customer
Service, (508)750-8400, 222 Rosewood Drive, Danvers, MA 01923, USA, or CCC Online: http://www.copyright.com/. All other applications for
permission to reproduce or translate all or part of this book should be made to OECD Publications, 2, rue André-Pascal, 75775 Paris Cedex 16,
France.
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 COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS
 

The Committee on the Safety of Nuclear Installations (CSNI) of the OECD Nuclear Energy Agency (NEA)
is an international committee made up of senior scientists and engineers. It was set up in 1973 to develop, and
co-ordinate the activities of the Nuclear Energy Agency concerning the technical aspects of the design, construction
and operation of nuclear installations insofar as they affect the safety of such installations. The Committee's purpose
is to foster international co-operation in nuclear safety among the OECD Member countries.

The CSNI constitutes a forum for the exchange of technical information and for collaboration between
organisations, which can contribute, from their respective backgrounds in research, development, engineering or
regulation, to these activities and to the definition of the programme of work. It also reviews the state of knowledge
on selected topics on nuclear safety technology and safety assessment, including operating experience. It initiates and
conducts programmes identified by these reviews and assessments in order to overcome discrepancies, develop
improvements and reach international consensus on technical issues of common interest. It promotes the
co-ordination of work in different Member countries including the establishment of co-operative research projects and
assists in the feedback of the results to participating organisations. Full use is also made of traditional methods of co-
operation, such as information exchanges, establishment of working groups, and organisation of conferences and
specialist meetings.

The greater part of the CSNI's current programme is concerned with the technology of water reactors. The
principal areas covered are operating experience and the human factor, reactor coolant system behaviour, various
aspects of reactor component integrity, the phenomenology of radioactive releases in reactor accidents and their
confinement, containment performance, risk assessment, and severe accidents. The Committee also studies the safety
of the nuclear fuel cycle, conducts periodic surveys of the reactor safety research programmes and operates an
international mechanism for exchanging reports on safety related nuclear power plant accidents.

In implementing its programme, the CSNI establishes co-operative mechanisms with NEA's Committee on
Nuclear Regulatory Activities (CNRA), responsible for the activities of the Agency concerning the regulation,
licensing and inspection of nuclear installations with regard to safety. It also co-operates with NEA's Committee on
Radiation Protection and Public Health and NEA's Radioactive Waste Management Committee on matters of
common interest.

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

The opinions expressed and the arguments employed in this document are the responsibility of the authors
and do not necessarily represent those of the OECD.

Requests for additional copies of this report should be addressed to:

Nuclear Safety Division
OECD Nuclear Energy Agency
Le Seine St-Germain
12 blvd. des Iles
92130 Issy-les-Moulineaux
France
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Papers of Specialist Meeting on
Safety Performance Indicators

October 17-19, 2000, Madrid, SPAIN

A NEW REGULATORY OVERSIGHT PROCESS

Stephen D. Floyd, Senior Director, Nuclear Energy
Institute

ABSTRACT

The purpose of this paper is to describe a new
approach to regulatory oversight of the
commercial nuclear power industry that is risk-
informed and performance-based.  While
these concepts can, and have been, used in
rulemaking and licensing activities, this paper
focuses on the regulatory oversight activities of
Assessment, Inspection, and Enforcement.
The paper provides a discussion of the
deterministic regulatory framework, why the
time is ripe for a new paradigm, what is meant
by “risk-informed, performance-based,” how a
new regulatory oversight process would work,
and what the licensee and NRC roles and
responsibilities would be.

Section I addresses why the time is ripe for a
paradigm shift toward the concepts of risk-
informed, performance-based oversight.

Section II defines the concepts of risk-
informed, and performance-based regulatory
oversight.

Section III discusses the safety framework of
the new regulatory oversight process. The
objectives of the process are stated; the key
success attributes are described; safety
expectations and thresholds are defined; and
the specific performance indicators and action
thresholds are identified.

Section IV describes the implementation of the
new risk-informed, performance-based
regulatory oversight process. The roles and
responsibilities of nuclear power plant
licensees and the Nuclear Regulatory
Commission are described, as well as
reporting requirements.

PAPER CONTENTS

I. TOWARD A NEW PARADIGM OF
REGULATORY OVERSIGHT

A. Deterministic Regulatory Framework

Since the advent of commercial nuclear energy
in the early 1960s, regulation of the design and
operation of nuclear energy plants has been
based on various deterministic criteria.  To
obtain and maintain an operating license, a
licensee must assure that its plant can be
placed in a safe condition following a number of
postulated design basis accidents.  Given the
minimal test data and operating experience that
existed when these criteria were established,
both the postulated accidents and the analytical
methods used to evaluate a plant’s response
were intentionally conservative.  These
deterministic criteria also provided the basis for
identifying what plant structures, systems,
components (SSCs) and activities were
important from a safety perspective.
Requirements were then established to regulate
these “safety-related” SSCs and activities.

The implementation of regulations based on the
deterministic framework has traditionally been
accomplished through a detailed programmatic
and prescriptive regulatory approach.  This
approach focuses on the process of how
regulations are implemented, relies on licensee
commitments to prescribed implementation
methods (or programs), and uses inspection and
enforcement to ensure compliance with specific
processes and commitments, rather than on the
safety intent or objective of the regulations
themselves.  The determination of compliance
depends heavily on a review of records
documenting the methods used by the licensee
to implement the regulatory requirements.  In
short, the focus has been on the inputs to the
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program, and not on the outputs or safety
results actually achieved.

In retrospect, the traditional regulatory
framework, based on deterministic criteria to
identify what is important to safety, and
implemented through prescriptive regulations
and regulatory guidance, has served its
purpose in assuring the protection of public
health and safety.  It is widely acknowledged,
and demonstrated by both NRC and industry
performance indicators, that high levels of
safety and reliability have been sustained by
the U.S. operating plants.

Since 1984, however, when the NRC initiated
a program to eliminate requirements marginal
to safety, it was recognized that some of the
regulatory requirements and guidance that had
been issued were imposing burdens that were
not commensurate with their safety benefits.

Initiatives by both the industry and the NRC
have begun to improve the safety focus of
regulations.  These initiatives have identified
areas where regulations or regulatory
guidance are out of date, where operating
experience or improved technology provide a
better understanding of a source of risk, and
where areas of marginal safety significance
can be found that are highly resource
intensive.  In the course of these initiatives, it
has been recognized that the traditional
regulatory framework, deterministically-based
and implemented prescriptively, can often lead
to circumstances where NRC and industry
resources are expended on matters that have
little to do with the safe and reliable operation
of a plant.

Two regulatory initiatives have contributed
toward an improved focus on safety and risk
insights.  First, in response to NRC Generic
Letter 88-20, U.S. commercial nuclear energy
plants committed to producing plant-specific
probabilistic safety assessments (PSAs).
Increasingly, the insights from PSAs have
been incorporated into the regulatory process
as these studies advanced to their level one
(core damage frequency) and level two
(containment failure frequency, source term)
results.  PSA is a powerful analytical tool that
provides a different means to evaluate the
design and operational safety of a plant and
complements traditional deterministic
methods.  Additionally, PSA insights can
highlight which SSCs and activities are
important to safety from a risk perspective.

The second initiative is the NRC’s promulgation
of 10 CFR 50.65, the maintenance rule.  This
rule relies on a risk-informed, performance-
based approach as the means of regulatory
oversight.  The licensee is required to monitor
the performance or condition of specific SSCs
against licensee established goals or
performance criteria to provide reasonable
assurance that these SSCs are capable of
fulfilling their intended safety functions.  In this
approach, the licensee is afforded great
flexibility in implementation methods and in
determining how it will comply with the
regulation.  In addition, regulatory oversight of
implementation is based on monitoring the
results of the licensee’s efforts, rather than on
the traditional review of programmatic
compliance.

Risk-informed regulation, using PSA insights as
a means of determining what is important, and
performance-based regulation, where
implementation methods are not prescribed and
regulatory oversight focuses on the results of
licensee activities, are concepts that can
significantly improve the traditional regulatory
framework.  More and more, both industry and
NRC activities aimed at regulatory
improvements are relying on these new types of
regulatory approaches to continue to improve
plant safety and reliability.  However, these
concepts have largely been applied on an ad
hoc basis to different technical areas or to areas
where additional regulations are under
consideration.  In doing so, they are often
interpreted differently for different applications.
In other cases, they are not well understood by
many individuals.  Confusion over these
concepts and their relationship to and distinction
from traditional regulatory approaches can only
detract from important initiatives that seek a
more effective, efficient and stable regulatory
framework and process.

It is important to make clear at this point that we
do not intend to propose overthrowing the
deterministic criteria, particularly defense in
depth.  As will be shown later in this paper, we
believe that the deterministic criteria can be
applied in setting the framework for the
regulatory oversight assessment, but that the
actual measurement of success in achieving
safety should use objective and measurable
performance indicators directly related to safety.
Additionally, it should be made clear that this
proposal does not require or envision any
revision to the Code of Federal Regulations to
make the regulatory oversight process more
risk-informed.  While there are other industry
initiatives pursuing the safety benefit of various
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deterministic and probabilistic rules, this
proposal does not.

B. We are ready for a new Paradigm

As this paper will discuss in succeeding
sections, we believe the nuclear industry is
ready for a new approach – a new paradigm
which builds on the proven safety record of the
commercial nuclear industry, the maturity of
the technology and its application, and our
ability to use risk analysis and operating
experience to focus our attention and activities
on truly significant safety indicators.

Nuclear electric generation is not a zero defect
industry.  Our approach has consisted of
defense in depth. We have selected systems
that are redundant, diverse, and single failure
tolerant in order to both prevent and mitigate
the consequences of potential events.  The net
effect of incorporating defense in depth into
design, construction, maintenance, and
operation is that the systems are more tolerant
of defects. This was the deterministic
foundation when we didn’t have any operating
experience upon which to base our regulatory
structure.

But today nuclear electric generation is a
mature industry with over 40 years experience.
Our 2208 reactor years of operation reflect an
experienced industry that can look at its
operating experience and performance in an
informed manner. We have learned and fixed
a lot.  We now know where to focus our
management attention and resources to
operate and maintain our power plants safely.

Industry has also matured in its ability to self
assess and correct problems. The Institute for
Nuclear Power Operations sets standards of
excellence for operations, maintenance,
engineering and other plant processes, and it
has established performance indicator goals
which the industry is exceeding.  Human
performance, self assessment and corrective
action programs at nuclear plants are mature
and aggressive in improving safety and
production outcomes. Operating experience is
shared within the industry and incorporated
directly in self assessment and corrective
action programs.

Our ability to use probabilistic risk assessment
techniques has also expanded. Risk insights
are now commonly used (e.g., the

maintenance rule implementation and the use of
Individual Plant Evaluations).

We now need to use the combination of
operating experience and risk insights to
establish objective safety and regulatory
thresholds to better focus our resources and
energies to achieve the desired safety
significant performance results and to de-
emphasize the regulator’s focus on inputs, i.e.,
processes and procedures.

Before we describe the proposed new paradigm,
it is worthwhile to discuss what we mean by
“risk-informed, performance-based oversight.”
That discussion follows in Section II.

II. RISK-INFORMED, PERFORMANCE-
BASED OVERSIGHT

In any regulatory regime with the aim of
assuring the protection of public health and
safety, there are two fundamental questions that
must always be addressed.  One question is,
“What aspects of the licensee’s facility and
operation are important to safety and therefore
merit regulatory oversight?”  The next question
that follows is, “What are the appropriate
regulatory oversight activities for those aspects
that are important to safety?”  In short, these
questions are “what’s important,” from the
standpoint of assuring public health and safety,
and “how does one regulate what’s important.”

In the previous section, it was noted that the
traditional means of answering these questions
were deterministic criteria for identifying what is
important to safety and a
prescriptive/programmatic approach for
regulating licensee activities pertaining to the
items important to safety.  Risk insights offer a
different means for identifying what is important
to safety and performance-based regulation is a
different means of regulating items important to
safety.

The following subsections discuss risk-informed
and performance-based regulatory concepts.

A. Risk-informed Oversight

Using risk insights as an aid to decision-making
in the regulatory process is often referred to as
risk-informed regulation.  A more
comprehensive definition of risk-informed
regulation is:

A regulatory approach in which
operating experience and
engineering judgment are used in
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concert with the analytical insights
derived from probabilistic safety
assessments to focus licensee and
regulatory attention on design and
operational issues commensurate
with their importance to public
health and safety.

The concept of risk-informed oversight is
consistent and compatible with the overall goal
of improving plant safety and reliability through
a regulatory process that is more focused,
objective and efficient.  With respect to being
efficient, clear and reliable, a risk-informed
regulatory oversight approach offers a means
to focus resources in a manner that effectively
complements and improves the current
deterministic approach.

It must also be noted that risk-informed
methods are not new and have been in use by
both the industry and the NRC for many years.
While the use of risk insights has limitations,
just like any other analytical tool, these
limitations have been overcome by blending
the insights derived from risk analysis with
operating experience and engineering
judgment.  Operating experience includes that
compiled and made available through codes,
standards and guidance documents.  The first
part of the maintenance rule implementation is
a good example of this blend. First, the scope
of SSCs is defined in the rule itself
deterministically.  The risk significance of
these SSCs is then initially derived from plant-
specific PSAs by calculations using standard
PSA importance measures.  An expert panel is
then utilized to review, adjust and finalize the
list of risk significant SSCs.  The NRC has
recognized this approach as providing an
effective means of establishing the risk
significance of plant SSCs.

B. Performance-Based Oversight

Performance-based regulation is defined and
characterized as follows:

A regulatory approach that focuses
on results as the primary means of
regulatory oversight, and that has
the following attributes:

• Measurable parameters to
monitor plant and licensee
performance;

 
• Objective criteria to assess

performance based on risk

insights, deterministic analyses
and/or performance history; and

 
• Licensee flexibility to determine

how to meet established
performance criteria.

Performance-based regulatory oversight is
consistent with the goal of continued
improvements in plant safety and reliability
through a more focused, objective and efficient
regulatory process.  By establishing objective
criteria, clarity, consistency and stability in the
regulatory process can be dramatically
improved. In addition, a performance-based
regulatory oversight approach helps to establish
and maintain an appropriate distinction between
NRC’s regulatory oversight role and the
licensee’s responsibility to manage plant
operations in a safe and effective manner.

It is important to note “performance-based”
refers to safety results – outcomes – and not
assessment of the work processes involved in
achieving results.

C. Risk-Informed, Performance-Based
Regulatory Oversight

A risk-informed, performance-based approach to
regulatory oversight combines the “risk-
informed” and “performance-based” elements
described in subsections A and B above, and
applies these concepts to NRC assessment,
inspection and enforcement activities. Stated
succinctly,

Risk-informed, performance-based
regulatory oversight is an approach
in which risk insights, engineering
analysis and judgment, and
performance results are used to:

• develop measurable and/or
calculable parameters for
monitoring safety
performance,

• establish objective criteria for
evaluating safety
performance,

• establish objective safety and
regulatory thresholds, and

• focus on the results as the
primary basis for regulatory
oversight actions.
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D. Discussion and Implications for Regulatory
Oversight

Under risk-informed, performance-based
regulatory oversight, the focus is on the
results, on assuring safety or the output of
licensee programs rather than on the
procedures and processes that make up
licensee programs.  A criticism of this
approach is that it is reactive in waiting for
failures to occur before any actions are taken.
On the contrary, risk-informed, performance-
based regulatory oversight provides a focus on
those items important to safety and reliability
and is a natural incentive to maintain high
performance levels. Additionally, objective
performance monitoring can provide early
indicators of declining trends in safety
performance.

A premise of risk-informed, performance-
based oversight is that monitoring provides
reasonable assurance that challenges to
radionuclide barriers will be minimized and that
safety functions will be fulfilled.  This
monitoring can also indicate the onset of
problems which, if not addressed, could
become more significant.  To be effective, the
objective performance criteria used to monitor
performance must be set at a level that
maintains safety margins above the standard
of adequate protection of public health and
safety.  Licensee actions must be designed to
preclude failures that threaten this standard.
Many failures, however, that occur in the
course of normal operations, do not
significantly reduce the margin of safety due to
the “defense-in-depth” principles reflected in
the design and operation of each plant.  For
these failures, the key aspect is that
appropriate cause determinations and
corrective actions are taken so that
performance is restored or maintained above
the performance criteria.  This ensures that
adequate safety margins are maintained and
are not allowed to degrade to a point that does
not meet the standard of adequate protection
of public health and safety.

The concept of a risk-informed, performance-
based regulatory approach has often been
confused with other concepts.  For example,
many people believe performance-based
means inspecting and auditing work processes
while they are occurring rather than reviewing
paperwork documenting those processes after
the fact.  While real-time audits and
inspections may be useful, they do not
represent a risk-informed, performance-based
regulatory approach that assesses the overall

effectiveness of meeting the regulation.  As
another example, many people use the terms
performance-based regulation and risk-based
regulation synonymously.  This confusion may
stem from the fact that calculated values or
assumptions (e.g., reliability and availability
numbers) used in PSAs may also be used to
establish performance criteria for SSCs in a risk-
informed, performance-based regulatory
approach.  Risk insights may also be used to
establish testing intervals for important plant
equipment.  Again, while these practices are
advocated and are highly complementary, their
effective implementation requires that the
distinction between the two concepts be
understood and maintained.

A risk-informed, performance-based approach
focuses on objective safety outcomes and
allows the licensee management the flexibility to
determine how to achieve safety in an effective
and efficient manner.

Figure 1 will be used to illustrate the risk-
informed, performance-based approach.  The
licensee is responsible for all aspects of safely
operating and maintaining the nuclear power
plant.  This responsibility includes providing the
key inputs (plant, people, processes, and
procedures), and exercising prudent
management (shown here as effective human
performance, robust self assessment, and
effective corrective action) to ensure successful
outcomes (safety performance and cost
effective production).

In a deterministic regulatory regime, the
regulator attempts to assess all aspects of the
licensee’s activities (with the exception of cost
effective production), regardless of the nexus to
safety.  In this regime, the regulator specifies
what the licensee must do, i.e., the requirements
and also prescribes how to meet those
requirements.  Regulatory compliance is
achieved by the licensee meeting its
programmatic commitments to the prescribed
methods or processes detailed in the regulatory
guides and the interpretations of individual NRC
staff.  The regulator, without a framework in
which to determine what is genuinely important
for review, tries to review everything, including
areas for which there are no regulations (such
as human performance). The regulator also errs
in viewing any error or deviation as a violation,
even though it does not result in an unsafe
outcome.

Under a risk-informed, performance-based
approach, the regulations still specify what the
requirements are; however, the licensee has the
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flexibility to determine how to meet the
requirements.  Achievement of the
requirements is assured by monitoring
performance relative to established safety
performance goals.

Regulatory oversight using the risk-informed,
performance-based approach should become
more safety focused and succinct.  The level
of regulatory oversight should be
commensurate with the degree of achievement
of the safety performance criteria. For
example, one would expect less inspection for
those licensees who are maintaining high
levels of safety performance above the
regulatory threshold, and more inspections for
those who are not meeting their safety
performance criteria.  Enforcement policy
would be similar.  If the licensee is meeting its
performance criteria, then there should be no
reason for enforcement actions in areas
covered by those criteria.

As long as the licensee continues to meet the
established safety performance criteria and
takes appropriate actions to prevent recurring
functional failures, the regulator should
continue to allow the licensee flexibility in
managing its implementation of the
regulations.  If performance degrades to the
point where the licensee fails to meet safety
performance criteria, this does not necessarily
mean that the licensee is no longer in
compliance with the regulation or is unsafe.
Rather, it is a flag that increased regulatory
oversight of licensee activities may be
warranted, including focused inspection.
However, should safety performance continue
to decline and the corrective action is not
providing reasonable assurance that the safety
performance criteria or goals will be satisfied
or the issue will be resolved, then more
extensive regulatory interaction will occur.  At
this point, the licensee has lost much of the
flexibility afforded when safety performance
criteria were being satisfied, and corrective
measures are likely to be reviewed in detail by
the regulator.  This additional regulatory
attention may result in enforcement action to
assure that appropriate corrective action is
taken to comply with the regulations and
satisfy the appropriate safety performance
indicators.

In conclusion, regulatory oversight in an
improved framework would be a graded
approach based on safety significance and the
safety performance results of the licensee.
This approach provides an incentive for
licensees to keep safety performance levels

high, enables the NRC to focus its resources
more effectively on safety significant matters
when increased regulatory oversight is
warranted, and enhances the ability of licensee
management to achieve safety and cost
effective power.

III. FRAMEWORK FOR RISK-INFORMED,
PERFORMANCE-BASED REGULATORY
OVERSIGHT PROGRAM

A. Purpose

The purpose of this framework is to define a
safety focused regulatory oversight process for
those activities that can be effectively monitored
using risk-informed, performance-based
approaches. The process acknowledges the
need to preserve the current regulatory
requirements (e.g., rules, regulations, operating
license) that define the design and licensing
basis of plants. It is recognized that those
activities for which objective measures of safety
cannot be provided,  traditional oversight will be
required. It is suggested, however, that this
oversight should rely more on evaluating
licensee self assessments as an alternative to
NRC team inspections.

B. Objectives

The new risk-informed, performance-based
approach is designed to meet the nuclear power
plant stakeholders needs for an effective
regulatory oversight program:

• Accurately and objectively measure the
safety performance of nuclear power plants
in protecting the public health and safety.

• Provide accurate and understandable safety
performance information to the public, news
media, and other stakeholders.

• Provide utility licensees and the NRC with
objective indicators to assess safety
performance and trends,  to rationalize the
NRC Enforcement Policy, and to allocate
resources in a effective and efficient
manner.

• Provide Congress with objective information
to assist in performing its oversight and
authorization responsibilities.

 
 C.   Program Attributes Necessary To

Achieve Objectives
 
 The following attributes are considered
necessary to achieve the desired objectives:
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• The program should be directly linked to
the NRC’s mandate to assure  protection
of public health and safety.

• The program should preserve current
deterministic requirements of the
regulations (e.g., defense in depth, single-
failure, redundancy).

• The program should apply the concepts of
risk-informed, performance-based
oversight.

• Safety performance assessment should be
based on public health and safety
thresholds and regulatory thresholds, not
on relative plant performance.

• Assessment conclusions should be
supported by the direct measurement of
the performance indicators.

• Attributes of appropriate indicators are:
∗ a direct relationship should exist

between the indicator and safety
performance expectations

∗ data necessary to measure the
indicator should be available or
capable of being generated

∗ indicators should be capable of being
expressed in quantitative terms that
are not ambiguous

∗ indictors should be meaningful, i.e.,
their significance is readily understood

∗ indicators should be able to be
validated

• Program implementation should:
∗ provide clear roles and responsibilities

of the NRC and licensees
∗ communicate results to the public
∗ include a decision model or criteria so

that NRC actions are predictable
∗ be simple, nonredundant, and

resource efficient

D. Program Structure

The structure of the program necessarily must
reflect the legal and regulatory obligations of
the Nuclear Regulatory Commission (NRC).
Under the Atomic Energy Act, the NRC is
charged with issuing and enforcing
requirements that are necessary to ensure
adequate protection of public health and
safety.  While adequate protection is not
defined in the Atomic Energy Act, NRC policy
considers adequate protection to have been
achieved if a plant is operating in conformance

with the regulations.  This position is reasonable
because regulations are largely promulgated on
the basis that they are necessary to establish
adequate protection of public health and safety.

10 CFR Part 50 (and appendices) contains most
of the technical regulations that apply to power
reactors.  The primary purpose of these
regulations is to establish requirements that
define:

1. the robustness of the barriers to
radionuclide release,

2. the postulated plant events and accidents
that must be considered and the
methodologies for analyzing the events, and

3. the capabilities of the engineered safety
features for mitigating postulated events.

Nuclear power plants were granted a license
largely on the basis that a review of the design,
construction and intended operation of the
facility would comport with the requirements of
10 CFR part 50 and meet the guidelines of 10
CFR Part 100.  Part 100 directs the NRC to
consider “the safety features that are to be
engineered into the facility and those barriers
that must be breached as a result of an accident
before a release of radioactive material to the
environment can occur.”  Public health and
safety is not adversely impacted by nuclear
plant operations unless radiation exposures
exceed the limits imposed by 10 CFR Part 100.

Ensuring adequate protection of the public
health and safety also requires capability to
protect the public in the event of a radiological
emergency, control of radiation exposure,
control of radioactive materials, and physical
security.  The regulations addressing these
areas primarily include: 10 CFR Part 50.47
(Emergency Plans); 10 CFR Part 20 (Standards
for Protection Against Radiation); 10 CFR
50.36a (Technical Specifications on effluents
from nuclear power reactors); 10 CFR 50,
Appendix I (ALARA); 49 CFR 171-173, 10 CFR
Part 71 (Packaging and Shipment of
Radioactive Materials); 10 CFR Part 61
(Disposal of Low Level Radioactive Waste); and
10 CFR Part 73 (Physical Protection of Plants
and Materials).

Based on these regulatory requirements,
performance expectations that relate to the
NRC’s mission to protect public health and
safety in the operation of commercial nuclear
power plants can be grouped into three strategic
performance areas and seven specific
cornerstones of safety. (See Figure 2.)
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E.   Safety Performance Expectations

1. Reactor Safety

Within the performance area of reactor safety
(avoiding accidents and reducing the
consequences if they occur), there are four
cornerstones: Initiating Events; Mitigating
Systems; Barrier Integrity; and Emergency
Preparedness.

Initiating events are those situations which
upset plant stability and challenge critical
safety functions, during shutdown as well as
power operation. If not properly mitigated, and
if multiple barriers are breached, a reactor
accident could result which might compromise
the public health and safety. Plant operators
can reduce the likelihood of a reactor accident
by maintaining a low frequency of these
initiating events. Such events include reactor
shutdowns due to turbine trips, loss of
feedwater, loss of off-site power, and other
significant plant transients.

Mitigating systems are designed to prevent an
accident or reduce the consequences of a
possible accident. Mitigating system
equipment is maintained through a rigorous
maintenance program, checked through
periodic testing, and monitored during actual
performance.

Barrier integrity provides reasonable
assurance that the physical design barriers
(fuel cladding, reactor coolant system, and
containment) protect the public from
radionuclide releases caused by accidents or
events.

Emergency preparedness ensures that the
licensee is capable of implementing adequate
measures to protect the public health and
safety during a radiological emergency.
Licensees routinely assess and refine their
emergency plans through Emergency
Response Organization (ERO) participation in
drills, exercises, actual events, training, and
subsequent problem identification and
resolution.  Employees are trained to ensure
that the plan can be effectively implemented
during an emergency.  Drill and exercise
performance, ERO drill participation and
reliability of the alert and notification system
contribute to reasonable assurance that the
licensee has an effective emergency
preparedness program.

2. Radiation Safety

Radiation safety encompasses both
occupational exposure to workers, and
protection of the public during normal plant
operations. There are therefore two
cornerstones:

Occupational radiation safety consists of
programs and procedures to minimize exposure
of workers to ionizing radiation and to ensure
that doses are maintained at levels less than
prescribed regulatory limits.

Public radiation safety monitors the
effectiveness of procedures and systems
designed to minimize radioactive releases from
a nuclear power plant during normal operation
and to keep releases within federal limits.

3. Physical Protection

Nuclear power plants are required to have well
trained security personnel and a variety of
protective systems to guard vital plant
equipment, as well as programs to ensure that
employees have received appropriate checks
prior to employment, and are constantly fit for
duty.

F.  Safety Performance Indicators,
Thresholds, And Performance Bands

This section will describe the performance
indicators now in the program, how performance
thresholds were set, and the four performance
bands which inform the NRC staff’s regulatory
response to objective performance. During the
development of the program NRC, industry and
other stakeholders determined that it was not
possible to develop indicators for all activities
which constitute safe and effective operation
and maintenance of nuclear power plants.
These areas must of necessity continue to be
assessed based on inspection. The next section
will briefly discuss how inspection complements
the performance indicator program.

1.  Indicators

Each performance cornerstone has a set of
specific safety performance indicators for
objectively evaluating the achievement of each
performance expectation.   Each indicator is
plotted over time to identify the trend in
performance.  Plotting the indicators also shows
the available safety performance margin for
each indicator. See figure 3 for a listing of the
performance indicators and action thresholds.
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2.  Performance Thresholds

In general, three performance thresholds have
been established for each indicator.
(Exceptions will be discussed below.)  The
thresholds delineate four performance bands
which assist NRC in determine the appropriate
level of inspection activity. As performance
decreases, more NRC attention and inspection
resources are warranted.

The first threshold distinguishes normal high
industry performance from results which, while
still safe, represent outlier performance. In
most cases, historical data was reviewed and
the threshold was set at the 95th percentile.
Below this level additional regulatory attention
may be warranted.

The second threshold was set at a level that
represented an approximate increase in core
damage frequency of E-5. For example, an
increase in scram frequency to greater than six
per 7000 critical hours would increase the core
damage frequency approximately E-5. At this
point, while safety was still being maintained,
more active involvement of the NRC would be
appropriate.

The third threshold represents the point at
which the indicator change would represent an
increase in core damage frequency of E-4.
Any further decrease in performance would be
viewed as unacceptable and operation would
not be allowed until the condition was
corrected and actions were taken to prevent
reoccurrence.

Where possible, historical data was used in
establishing the first threshold. For the other
thresholds, a variety of  generic and plant
specific risk studies were used to establish
generic thresholds so that all plants were
being treated in the same manner. Of course,
some indicators required different thresholds
based on plant equipment (BWR as opposed
to PWR) or number of emergency diesel
generators, for example.

Several of the indicators were completely new,
or data had not previously been collected for
them. Examples here include participation in
emergency drills and occupational exposure
control. In these cases, industry data was
collected and thresholds established.

Several indicators do not have three
thresholds. The reasoning in these cases was
that it was not possible to determine changes
in core damage risk based on a change in the
indicator.  For example, the performance of

physical security equipment can not be related
to core damage frequency.

The specific thresholds can be observed in
figure 3. In general, the initiating event and
mitigating system indictors were most amenable
to establishing three thresholds; the other
cornerstone indicators were more programmatic
and consequently, less quantifiable.

3. Performance Bands

As discussed above, the three thresholds
establish four performance bands: the utility
response band, the increased regulatory
response band, the required regulatory
response band, and the unacceptable band.
These bands have been color coded to provide
a clear way of communicating plant
performance. These colors, moving in the
direction of increased risk, are green, white,
yellow, and red. (See figure 4.)

Utility Response Band

This band recognizes and acknowledges that all
manufacturing processes have a control band
for performance.  Utility management’s role is to
maintain performance within the control band.
The regulator performs a minimal core/baseline
inspection program and monitors performance
indicators. Performance within the control band
provides an indication that human performance,
self assessment, corrective actions, and key
programs and processes related to the
performance area are effective. The increased
regulatory attention threshold is set at a value
that provides an adequate margin to the
required regulatory action threshold such that
corrective action can be taken by the utility and
reviewed by the regulator before a significant
increase in potential risk.

Increased Regulatory Response Band

This band defines the point at which the
regulator departs from a core/baseline
inspection mode, and questions the adequacy of
corrective actions, programs and processes
related to the performance area.  While
performance is still acceptable, it represents a
degree of reduction in safety margin that
warrants increased regulatory actions.

Required Regulatory Response Band

This band defines the point at which the
regulator shifts from reviewing the licensee’s
assessment and corrective action, and makes
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its own independent assessment of the
situation.

Unacceptable Band

This band defines the point at which plant
operation is not normally allowed.  Action to
correct the condition and prevent reoccurrence
are necessary to return to operations.

G.  Inspection and Significance Determination

As stated above, performance indicators
provide only a sample of plant performance,
and cannot measure performance in several
important areas necessary to ensure safe
plant operation. Examples include fire
protection programs, engineering analysis, and
training. Therefore, a baseline inspection
program is necessary.

During development of the new oversight
program, the objectives of the seven
cornerstones were developed and the
necessary success attributes were
determined. For those areas which could not
be assessed using performance indicators,
inspection procedures were developed.

However, the question remained, how to
compare the performance indicator results and
the inspection results? The answer was the
significance determination process (SDP).

The SDP is a risk-informed process by which
an inspection issue (a violation of a regulation,
or a perceived deficiency) is assessed using
risk techniques. In general, the process
involves three phases. In the first, minor
violations which do not affect cornerstone
performance are screened out. In the second
phase, risk techniques are used to
characterize the finding based on the duration
of the deficiency or violation, the frequency of
initiating events which the deficient equipment
was designed to help mitigate, and the degree
of diverse or redundant equipment available.
The results are expressed using the same
bands and colors as the performance
indicators.  Green represents a core damage
frequency (CDF)  increase of less than E-6;
White a CDF increase between E-6 and E-5;
Yellow a CDF increase between E-5 and E-4;
and Red a CDF increase of greater than E-4.
Finally, a third phase may be conducted for
findings greater than Green, so that plant
specific PRA/PSA information can be used to
sharpen the analysis.

Thus the oversight process provides both
performance indicators and inspection findings
which can be used in concert to determine
performance and what regulatory oversight and
action is appropriate.

IV. IMPLEMENTATION

A. Overview

This section describes how the risk-informed,
performance-based regulatory oversight
program can be implemented.  The roles and
responsibilities of the licensees and the NRC
are outlined below.  Three general concepts
should be kept in mind.  First, licensees and the
NRC have individual, but complementary roles
in the program in achieving adequate protection
of the public health and safety. Second, the
process is a continuing cycle (see figure 5) of
assessment, inspection plan development,
inspection, regulatory action, assessment, etc.
Third, while these steps generally follow the
order displayed, they are in continual interaction.

B. NRC Responsibilities

1. Overall Responsibilities

The NRC is responsible under the Atomic
Energy Act for ensuring that nuclear power
plants provide an adequate level of protection of
public health and safety.  This responsibility
requires that margins to safety be maintained
such that single performance problems do not
result in adverse consequences to the public.  At
the same time, the NRC needs to exercise
caution so as not to encroach on plant
management’s primary responsibility to safely
operate and maintain nuclear power plants by
trying to regulate to a zero defect threshold.
The risk-informed, performance-based oversight
process outlined in this paper recognizes this
distinction.

2. Regulatory Oversight Responsibilities

a) Assess results

For areas covered by the safety
performance indicators, the NRC would
verify the completeness and accuracy of the
indicators reported by the licensee and take
appropriate action based on the results (as
displayed in Figure 4.)

For areas not covered by the safety
performance indicators, the NRC would
review the results of the licensees
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performance based on inspections and
corrective actions taken by the licensee in
response to previously identified
deficiencies.

The results would be assessed quarterly
and annually on a cornerstone basis. Thus
NRC actions would be dictated by a
response to individual PI or inspection
findings, and a response to multiple
findings in a cornerstone area.

b) Develop Inspection Plans

The NRC would develop its inspection
plan based on the results of its
assessment of licensee performance in
the safety performance indicators, its
review of licensee corrective actions on
previous regulatory actions, and its
requirements to assess deterministic
regulatory areas not covered by the safety
performance indicators.  There would
always be a minimum, or baseline,
inspection program.

For areas covered by the safety
performance indicators, the scope of
future inspection activities is determined
by the performance results relative to the
response bands.  For example,
performance in the utility response band
would mean that the NRC would only
conduct baseline inspections for that
performance area. In addition, NRC could
(but has not as yet) make expanded use of
licensee self assessments and audits, in
lieu of conducting its own inspections,
which are often redundant to the licensees
efforts. Performance in the increased
regulatory response band or the regulatory
required response band would warrant
increased inspection activity to review
licensee determination of the cause of
performance problems and corrective
action taken.

For areas not covered by the safety
performance indicators, the NRC would
plan to perform baseline inspections or opt
to evaluate/participate in licensee self
assessments and audits. By reviewing the
licensee’s self assessment and audit
schedule for the next inspection cycle, the
NRC could conserve resources by opting
to evaluate licensee self assessments
and/or audits rather than conduct
redundant inspections. (A precedent for
this approach already exists: Inspection
Procedure 40501 “Licensee Self

Assessments Related to Team Inspections.)

c) Conduct Inspections

Carry out inspection plans and document
results in inspection reports. Issues
identified by inspectors should be assessed
using the SDP. Inspection reports should
only describe factual results which rise to a
level of significance of Green or greater (i.e.,
minor violations need not be documented in
inspection reports).

d) Regulatory Actions

For areas covered by the safety
performance indicators, regulatory actions
would depend on the performance results.
For example, performance discrepancies
that did not cause the results to drop below
the utility response band would be noted by
the NRC without the need to conduct
additional inspection.  This would avoid the
expenditure of NRC and licensee resources
on matters of low safety importance.  For
performance within the increased regulatory
response band, NRC would conduct a short
inspection to determine the effectiveness of
the licensee’s actions to correct the
problem. In the required regulatory response
band, regulatory actions would depend on
the available margin to safety. Actions could
include increased inspection activities and, if
necessary, confirmatory action letters. For
performance which falls into the
unacceptable band, it is possible that a
shutdown order might be issued.

For areas not covered by the safety
performance indicators, the degree of
regulatory action should be commensurate
with the safety significance or actual
consequences of the discrepancy (the SDP
result). Consideration should also be given
to the overall performance of the plant. That
is, if a plant is generally operating in the
utility response band for a broad set of
indicators, this provides confidence that the
licensee has an effective corrective action
program and further regulatory action may
not be warranted. If the plant is operating in
the increased regulatory response band for
a number of  indicators, this provides
evidence that the corrective action program
has weaknesses. NRC inspection of the
corrective action program and performance
areas are warranted.

e) Assess Results
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The cycle continues with an annual
assessment of licensee performance. This
assessment considers the overall
performance of the licensee in each of the
cornerstone areas.

C. Licensee Responsibilities

1.  Overall Responsibilities

The licensee is responsible for all aspects of
safely operating and maintaining the nuclear
power plant. Figure 1 provides the model
depicting the key inputs (plant, people,
processes, and procedures), management
activities (human performance, self
assessment and corrective action), and
results/outputs of running the plant (safety
performance and cost effective production).
 
 In assessing the performance of inputs,
management actions, and outputs, the
licensee will develop its own unique self
assessment methods and a set of indicators
with which to monitor performance.  These
assessments and indicators are at the
discretion of licensee management as they
deem appropriate.  (It will also have in place a
Quality Assurance Program in accordance with
10 CFR 50 Appendix B.) The performance
indicators will be created to monitor and
assess performance in those areas deemed
important to plant management to achieve its
own goals and objectives.
 
 The licensee will use its self assessment
program and its own internal performance
indicators to assess performance of plant
equipment and systems, workforce,
procedures and processes.  When deficiencies
or opportunities for improvement are identified,
the licensee will use its corrective action
program and other management actions to
achieve improvement.  The licensee will
continue to report events and deficiencies as
currently required in the regulations.
 
 In addition to the licensee’s staff, the industry
has established an industrywide plant
evaluation program under the Institute of
Nuclear Power Operations (INPO).  INPO’s
role is to assist utilities in achieving high
standards for nuclear plant operations.
 
 Utility management’s role is to maintain safety
performance within the utility response band.
(See figure 4.)  It is the responsibility of the
licensee to monitor performance and correct
individual errors or trends that are detected

before dropping below the Green band by
performing root cause analyses, taking
corrective actions and monitoring the
effectiveness of those actions to restore
performance.
 
 Performance within the utility response band
provides strong indication that corrective action,
self-assessment, and human performance are
effective in operating and maintaining the plant.
 
 If performance drops below the Green band, the
licensee conducts an in-depth review of why its
actions have been unsuccessful, and
establishes an integrated plan to restore
performance.
 
 2. Regulatory Oversight Responsibilities

a) Assessment

The licensee will monitor and report the
safety performance indicators described in
Section IV to the NRC on a quarterly basis
prior to the NRC assessment.

b) Develop Inspection Plans

The licensee should make the NRC aware
of it’s self assessment and audit plans that it
intends to make available to the NRC to
assist the NRC in planning its future
inspection activities.

c) Inspection

The licensee provides the results of self
assessments and audits in regulatory
oversight areas to the NRC in advance of
NRC inspections.  This include regulatory
areas not covered by the safety
performance indicators such as security,
emergency planning, etc.

d) Regulatory Actions

The licensee performs root cause analyses,
identifies corrective actions and reports the
status of corrective actions to the NRC prior
to any NRC regulatory actions.
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Performance Indicators in the USNRC Revised Oversight
Process

By
D. Hickman, USNRC

Probably the best summary of our PIs can be found at the
following site:

http://www.nrc.gov/NRR/OVERSIGHT/ASSESS/cornerstone.html

This document is about six pages long. It is what NRC is
currently using in the initial implementation of our
program at all plants, which began on April 2, 2000.
Quite a few issues and concerns have developed since then
and, although the basic definitions are as yet unchanged,
NRC has made a number of changes to the details of what
does and does not count. These changes are currently
documented only in NRC guidance document, NEI 99-02, Rev 0,
at:

http://www.nrc.gov/NRR/OVERSIGHT/NEI_9902.pdf

This is a large document. It is published by the Nuclear
Energy Institute but has been endorsed by the NRC.
Revision 1 of the document is currently being prepared to
incorporate additional lessons learned.

NRC has learned a great deal in the past one-and-a-half
years, beginning with the pilot program in June of 1999,
and expect to incorporate these lessons in changes to the
basic definitions, which could take place later this year,
in Revision 2 to NEI 99-02.
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ABSTRACT

All nuclear operators have indicators they
use to mesure the performance. But the safety
performance of a nuclear power plant can not
be measured by a single number, because it is
not a physical quantity.

Such indicators as the leaktightness of
each of the three barriers, the number of
reportable incidents, or the importance of their
potential consequences, can contibute to a
judgment of the safety level, but it is difficult to
treat them all in the same way: the
leaktightnesses of the barriers are physical
quantities that can be measured and
compared with respect to limits, but it is hard to
fix a limit in the number of incidents, and it is
necessary to develop a tool to measure the
seriousnes of the consequences.

This finding as led EDF to develop
indicators that belong to 3 different categories:

• Indicators of power plant safety
condition, which measure compliance
with safety requirements.

• Safety managment indicators, which
measure the work done to achieve the
safety improvement objectives.

• Measurement of the potential
consequences of incidents by
probabilistic analysis, which serves to
identify priority improvement themes.

INTRODUCTION

All nuclear operators have indicators they
use to measure the performance of their power
plants in terms of cost, availability, dosimetry,
radioactive release, production of wastes. But
the safety performance of a nuclear power
plant can not be measured by a single number,
because it is not a physical quantity.

It is known on the other hand that such
indicators as:

• the leaktightness of each of the three
barriers (cladding, primary circuit,
containment),

• the number of reportable incidents,

• the importance of the potential
consequences of these incidents,

can contribute to a judgment of the level of
safety of a nuclear power plant in operation. It
can, however, be seen immediately that it is
difficult to treat indicators such as those
mentioned above all in the same way

• the leaktightnesses of the barriers are
measurable physical quantities that can
be compared with respect to limits that
must not be exceeded (one speaks of
safety criteria such as the level of
unidentified leakage of the primary circuit,
which must remain below 1 gpm),

• the number of reportable incidents can be
used to detect a positive or negative
evolution over the course of the years, but
is hard to compare to a limit,

• the importance of the consequences of
the incidents may be an indicator if it is
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possible to develop a tool to measure the
seriousness of the consequences.

So measuring safety is not simple!

This finding has led EDF to develop, in the
last two years, indicators that belong to 3
different categories.

1) Power plant safety condition indicators

These indicators are used to assess the
condition of the power plant on the basis of a
certain number of measurable parameters for
which limits are clearly defined by the safety
report and the operating technical
specifications. These parameters are regularly
measured in operation and compared to the
limits with which they must comply. It is
possible to know the margin with respect to the
limits for each of them and to define a sort of
power plant  "health report".

These indicators measure compliance
with safety requirements.

2) Safety management indicators

These indicators are also measurable
parameters, but they are not compared to
limits defined by safety rules. They are
compared to objectives defined by EDF's
Nuclear Operations Division management,
which has decided that improved safety must
be reflected by the attainment of these
objectives. The Nuclear Facilities management
defines objectives that reflect its desire for
improvement. Trade-offs, at the strategic level
as well as the day-to-day level, influence these
indicators.

These indicators measure the work
done to achieve the safety improvement
objectives defined by the management of
EDF Nuclear Facilities.

3) Measurement of the potential
consequences of incidents

EDF has decided to use the probabilistic
analysis of incidents to measure their potential
consequences. This analysis ranks incidents
with respect to one another by calculating the
conditional probability of damage to the fuel
because of the occurrence of the incident. This
yields an image of the relative importance of
incidents with respect to safety. The incidents
that appear the more serious according to this

analysis are those whose causes must be
treated first to avoid their recurrence.

Measurement of the potential
consequences of incidents by probabilistic
analysis serves to identify priority
improvement themes.
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PAPER CONTENTS

1 - SAFETY CONDITION INDICATORS

As stated in the introduction, these
indicators are compared to limits defined:

• in the safety report that lays down the
safety requirements applied when the
power plants were designed,

• in the general operating rules that reflect
the requirements of the safety report in
rules applicable to the day-to-day
operation of the power plants.

The safety condition indicators measure
the compliance of the power plants with the
safety requirements applied when they were
designed.

They therefore measure the quality of
operation, which must remain in conformity
with the criteria defined by the design engineer,
but they also measure the quality of
construction and of design, which must be
such that conformity with the requirements of
the safety report can be maintained.

A fundamental principle
One of the fundamental safety principles

applied to the design of power plants is the
principle of defense in depth, of which one
"physical" application is the placement of the
three successive barriers between radioactive
substances and the environment:  fuel
cladding, primary circuit, containment.

The studies of the safety report take
account of the limiting values for the leakage
rate in operation of these three barriers.

Three safety functions and a support
function

To avoid failure of the barriers or to limit
the consequences of their deficiencies, it is
necessary to maintain three safety functions:

• control of reactivity,

• control of cooling,

• control of confinement.

These functions are performed by
equipment and systems that must themselves
be supplied by the systems necessary for their
operation (electric power, compressed air,
etc.). These latter systems are grouped under
the term "support function".

General operating rules
These contain the operating technical

specifications that:

• define the limits of the domains of normal
operation of the reactor,

• require the availability of the equipment
and systems that perform the three safety
functions and the support function
according to the domain of operation of
the reactor,

• state what to do if equipment or a system
performing a safety function or the
support function is down, or if the limits of
the domains of normal operation are
exceeded.

The course to follow if a required item of
equipment or system is down is to change to
the fallback state (a state of the reactor where
the non-availability has less impact on safety)
when the non-availability has lasted a certain
time (fallback time).

The operator must however strive to
achieve the best possible availability of the
equipment and systems that perform these
functions; he must for example correct
accidental down times as quickly as possible,
and not wait to reach the fallback time limit.

The indicators proposed by EDF
headquarters departments to the nuclear
power plants correspond to surveillance of the
leaktightness of the barriers and of the
availability of the three safety functions and of
the support function.

Surveillance of the 1st barrier

Indicator no. 01 : Quantity of iodine 131
from a corrected fault of UO2 contamination
deposited under flow (in Mbq/t) in the water of
the primary circuit. This indicator is identical to
the one proposed by WANO.

Surveillance of the 2nd barrier

Indicator no. 02 : Mean leakage flowrate of
the primary circuit (in l/h)

Indicator no. 03 : Usage factor on the 2
most constraining zones of the primary circuit
(this indicator will be developed with the
gradual introduction of the automatic primary
circuit situations counting system).
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Indicator no. 04 : Mean primary/secondary
leakage flowrate of the steam generators (in
l/h)

Surveillance of the 3rd barrier

Indicator no. 05 : Mean leakage flowrate of
the containment (in Nm 3/h referred to a delta
P of 60 mbars with respect to the outside).
This leak is measured at all times in operation
by a system that takes account of the pressure
and internal temperature of the containment
and of the atmospheric conditions outside the
containment.

Indicator no. 06 : Number of activity peaks
measured at the stack of which the activity
exceeds 4 E-05 Bq/m3.

Surveillance of availability of the three
safety functions and the support function

Indicator no. 07 :  Surveillance of the
"reactivity" safety function

What is supervised is in fact the down time
of the function, by the following ratio:

sum of the group 1 down time relative to
the "reactivity" function divided by the time
spent in the reactor's domain of operation.

Group 1 down times are the equipment
and systems down times that have the most

impact on safety because they raise questions
about the design assumptions or the protection
and backup systems.

Indicators nos. 08, 09, and 10 are similar
to indicator no. 07 for the two other safety
functions and the support function.

Indicators nos. 07 to 10 are numbers
expressed as percentages.

Results

The indicators mentioned above are
monitored and analyzed by each EDF nuclear
power plant, which from them deduces what
must be done to improve the safety condition
of its installations.

At the level of the Nuclear facilities as a
whole, the dispersion of these results is
analyzed; this can reveal problems specific to
some power plant that may be of technical
origin or related to the operation of the power
plant.

Figures 1 to 3 below are three examples of
indicators tracked by a power plant.
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Figure 1
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Figure 1 shows the primary/secondary
leakage flowrates of the steam generators of
the power plant’s two reactors from January to
December 1999. Although unit 1 is affected by
microleaks (which were not detected during
the decennial outage program), the value
remains below the criterion of 0,5 l/h.

Figure 2 shows the leakage flowrates of
the containments of the power plant's two
reactors from January to December 1999. The
values remain below the criterion of 8 Nm3/h.

Figure 3 shows the level of consumption of
the fallback times allowed by the operating
specifications. This is the sum of the time
consumed (programmed and unexpected
fallbacks)/time passed in the domain « reactor

in production » ratios expressed as a
percentage. This indicator is the image of the
reactivity of the sites in restoring equipment
that is down to availability:  the lower the
percentages, the faster the site has reacted.

The high level of consumption for the
cooling function is due to frequent cleanings of
component cooling heat exchangers, and the
unavailability of two condenser steam dump
valves in december.

The high level of consumption for the
support function is due to the replacement of a
terminal of unit 1 auxiliary transformer in june,
and the repair of an oil leak in the unit 2 diesel
generator set in february.
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2 - SAFETY MANAGEMENT INDICATORS

Analysis of incidents reported according to
the criteria defined by the French Safety
Authority has shown, sometimes by
comparison with the results obtained at the
world level, that improvement objectives
should be defined.

EDF's Nuclear Operations Division has
fixed a 30% reduction of the number of
declared incidents as objective for the
1996/2000 period. The Nuclear Operations
Division has informed the managers of the
power plants that this objective must more
particularly be reached in the three domains

that account for 2/3 of the incidents declared
by the power plants.

1) Reactor scram

These incidents were 15 to 20% of all
incidents in 1996.

One indicator is the mean number per
nuclear site of days without reactor scram; it
allows a stimulating comparison of sites.

Figures 3 and 4 show the evolution of the
number of scrams per 7000 hours of criticality
per unit per year (WANO indicator).
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2) Noncompliance with operating technical
specifications

These incidents were approximately 40 %
of all incidents in 1996.

The requirements contained in the
operating technical specifications are defined
in 1) above.

Noncompliance with operating
specifications includes, for example:

• transgression of the limits of the domains
of normal exploitation.

• failure to do what is required if a required
item of equipment or system is down
(overshoot of fallback time, etc.),

• the deliberate non-availability of a group 1
item of equipment or system when the
equipment or system is required in the
domain of operation the reactor is in,

Figure 5 shows the evolution between
1997 and august 2000 of the number of
noncompliance with operating specifications
per reactor per year.

Figure 6 shows an example of comparison
between power plants.
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3) Line up incidents

These incidents were 10 to 15% of all
incidents in 1996.

These line up errors can make equipment
or systems required by the operating
specifications unavailable if, for example,
manual valves have been set to the closed
position when they should be open to ensure
this availability.

Figure 7 shows the evolution of the
number of incidents concerning line up errors
per reactor per year.

Figure 8 shows an example of comparison
between power plants.

Such indicators are used by local managment
in their ways to reduce line-up incidents. They
also serve the national level. For instance,
EDF Nuclear Operations Division, which has
decided to develop an experience sharing
program, will focus on 3 or 4 units.
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3 - MEASUREMENT OF THE POTENTIAL
CONSEQUENCES OF INCIDENTS

Probabilistic analysis of incidents consists
of imagining, from the true situation of the
power plant at the time of an incident,
degradation scenarios that might lead to
unacceptable consequences (core meltdown).
Probabilistic quantification of these scenarios
yields an evaluation of the protections
remaining to avoid damage to the core during
the incident. The conditional probability of
damage to the fuel, given that the incident has
occurred, is called the Potential Risk Index
(PRI).

Incidents that have a PRI greater than 10
E-06 are called "precursor incidents"
(precursors to accidents entailing damage to
the core). These are the incidents of which the
causes must be corrected first, to prevent their
recurrence.

Among the incidents declared by the
power plants according to the criteria defined
by the French Safety Authority, some are the
object of a probabilistic analysis.

There is a first selection of incidents
"significant for safety". This selection is based
on the potential consequences of the incident
with respect to the risk of damage to the core
or of significant radioactive releases. A
probabilistic analysis of the incident is
conducted whenever this is possible.

Two methods of analysis are used, and
combined if necessary, according to the type of
incident to be analyzed:

• if the incident is of the initiator type
(sequences that can lead to damage to
the fuel), the analysis consists of
assessing the available lines of defense
from the probabilistic viewpoint,

• if the incident is a degradation of defense
in depth (situation where power plant
systems are degraded), the analysis
consists of evaluating the consequences if
an initiator had occurred (whereas it did
not).
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 Number of precursor events by PRI intervals d'IRP:  1995  1996  1997  1998  1999

 10-1 - 1      
 10-2 - 10-1      
 10-3 - 10-2  1    1  1
 10-4 - 10-3  2  5   2  2
 10-5 - 10-4  3  3  7  4  7
 10-6 - 10-5  27  25  22  15  9

 Number of precursors events (PRI > 10-6)
 Number of outstanding events with IRP < 10-6

 Number of outstanding events impractical to analyse

 33

 18

 22

 33

 16

 17

 29

 21

 18

 22

 16

 16

 19

 18

 15

 Total number of safety outstanding events  73  66  68  54  52

 Total number of reported safety significant events  377  437  421  349  390

Table 1

Results

For the last five years (1995 to 1999):

• the number of precursor incidents has
decreased although the number of
reported incidents increased in 1996,
1997 and 1999 with respect to 1995.

• figure 9 and table 1 above show the
distribution of precursor incidents for the
last years and show that the importance
of the most significant incidents has
decreased every year.

These indicators show that safety has
been improved in these last five years.

However, we must remain cautious in this
interpretation because some incidents can not
be the object of a probabilistic analysis,
because probabilistic safety studies are limited
to level 1, which covers only incidents related
to damage to the fuel and does not deal with
the behaviour of the systems participating in
confinement and therefore with releases into
the environment.

This probabilistic analysis is however a
major factor in the a posteriori evaluation of the
level of   safety of a reactor population in that it
makes it possible to have at least a partial
image of the risk incurred.

4 - CONCLUSION

Measuring safety is no easy matter, and
there is no simple indicator by which to do it.

It is only through a combination of a large
number of indicators that it is possible to
assess the level of safety of a reactor or of a
set of reactors.

It is in effect necessary to measure
simultaneously the physical condition of the
installations and the dynamic of progress the
operator applies. This dynamic of progress is a
fundamental element.

In addition, probabilistic analysis of
incidents can give an at least partial a
posteriori image of the risk incurred by the
operation of a large population of reactors.
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ABSTRACT

Since the beginning of the 1990’s the UK
electricity supply industry has undergone
major changes moving from a wholly owned
public utility to that of a multi company based
activity, resulting in a fiercely competitive
marketplace. In such a competitive market,
where commercial pressures influence day to
day decision making, it has been suggested
that safety considerations could, in such an
environment, be compromised.

Safety is, and always has been, the
number one priority and commercial
considerations always come second in this
respect.

In the UK there are currently two
companies generating electricity commercially
by nuclear means, British Energy and BNFL
Magnox Generation. The two companies co-
operate and liaise with each other in a number
of areas, one such area is in the field of
performance indicators. Whilst this paper
primarily presents a British Energy
perspective, much of the content also applies
to BNFL Magnox Generation and the
principles described are essentially the same
for both companies.

The paper describes how internationally
comparable performance indicators form part
of the UK nuclear electricity generators’
performance enhancing measures to monitor
and improve safety performance within the
context of an increasingly competitive market.

The paper focuses primarily on five clearly
comparable WANO Performance Indicators
and shows how these indicators spearhead a
suite of indicators that are used collectively in
the companies’ drive to improve their
respective safety performance and as a
consequence operational performance against
the world’s best performing reactors.

INTRODUCTION

In the late 1980’s the British government
announced its intent to move away from a
publicly owned, fully integrated industry of
electricity supply, preferring an industry in
which competitive forces and commercialism
prevailed. A number of companies were
created and these new companies were
moved into the private sector. Until 1996 the
nuclear electricity generating stations
remained in the public sector. The newer
stations were then moved into the private
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sector in a new company, British Energy,
whilst the remaining Magnox stations
remained in the public sector operated by
BNFL.

For some years now, therefore, the
generation and supply of electricity within the
UK has been within a competitive market.
More recently, a review of the effectiveness of
this competitive market was undertaken. It was
concluded that the industry’s customers could
benefit from greater reductions in the price of
electricity to those previously seen. The UK
regulator of gas and electricity markets
(OFGEM) considered what measures could be
introduced to induce such benefits.

As a consequence new trading
arrangements will shortly be introduced for the
wholesale electricity market, to operate in
England and Wales. The intent is to create a
more commodity-like market to replace the
existing pooling arrangements for England and
Wales.  With the new market arrangements
there will be more active trading and
participants will have a greater incentive to
deliver planned generation and to forecast
more accurately. Whereas in the past
maximising output was the primary objective,
reliability now becomes as important a
consideration as that of maximised output.

World Class Operation

The progressive privatisation of the UK
Electricity Supply Industry created a downward
pressure on the price of electricity and a
requirement to return a reasonable dividend to
investors. The UK electricity industry, as in any
other industry, therefore, has had to ensure
cost effectiveness, whilst maintaining safe and
reliable operation. In our industry particularly,
safety is paramount and must remain our
number one priority. Any measures employed
in order to maximise commercial gain must
always be underpinned by this requirement.

It has been questioned whether safety is
potentially compromised in such a commercial
world when the maximising of the profitability
of a company carries such a high incentive.
However, it has also been demonstrated that
there is a direct relationship between safety
and profitability and that the safest plants also
tend to be the lowest cost generators.  Many of
these plants are essentially “World Class”
when measuring their performance. In terms of
the WANO performance indicators, many such

plants are consistently within the top ten per
cent or upper decile in a number of indiators. 

In the UK BNFL Magnox Generation and
British Energy are aiming towards emulating
such “World Class” performance and actively
support and participate in the WANO
performance indicator programme.
Performance is monitored against many of the
indicators and the results are widely
disseminated to staff at all levels on an
ongoing basis. These indicators and others
form an important and integral part of the
companies’ monitoring processes for safety
and have the added benefit of supporting the
objective of improving performance in terms of
greater efficiency, output and reliability.

PAPER CONTENTS

Perception and acceptance of performance
indicators and their results

In any modern company the complexities
of the business require a vast number of
processes using a variety of tools in order to
function. A healthy company will question and
review the use and value of such tools
regularly to ensure that they remain focused
and effective. This is an essential requirement
in order to ensure that, not only is efficiency of
the company maintained, but also that the
workforce within the company remains focused
and support enthusiastically the processes by
using the tools in place.

Performance indicators as a tool are not
exempt from this principle and it is essential
that the workforce use such a tool effectively in
order to maximise its benefit. However well
intentioned, though, indicators can easily be
viewed with some scepticism especially if the
resulting data becomes meaningless or
inaccurate, or can be seen as having little
value or failing to meet their objective.
Indicators can also be viewed with disdain if
they are perceived as being ill-conceived or if
the task of collecting the supporting data far
outweighs the resulting benefit. It is therefore
essential that performance indicators, whether
internal or external to the company, are
focused from their initial deployment onwards
and remain so.

Regular consultation with those collecting
or using the resulting data is clearly an
important factor in encouraging “ownership” of
any indicator, but the choice of indicator, its
simplicity/complexity, and the ease of
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communicating the results clearly and
effectively to those staff who can influence the
outcome in an easily understandable format
are also issues to address.

Consideration of these factors ensure that
such “ownership” of the indicator tool within
the workplace is secure. Without “ownership”
the indicator tool becomes regarded as a
bureaucratic chore and as such a
meaningless, rather than a valuable, aid. With
“ownership” the indicator tool acts as an aid to
encourage an enthusiastic approach to the
critical examination of the mechanisms within
the company. Such critical examination
supports the enhancement of both safety and
operational performance.

The value of international indicators

For internal company indicators the
principles outlined above are relatively easy to
address. Indicators can be introduced,
amended or deleted as appropriate and can be
“tailored” to focus on particular requirements.
These indicators can provide a clearly focused
monitoring tool and tuned to indicate an
improving trend, or, an early warning of a
deteriorating and undesirable trend. Such
indicators remain within the direct control of
the company and “ownership” is relatively
easily secured. For external, national and
international indicators “ownership” is not so
readily secured and other factors also need to
be considered.

The main benefit, perhaps, of
internationally used indicators is that they
provide the potential for a company to draw
comparison with its performance in any given
indicator against that of other companies. This
is an important additional factor not prevalent
in internal indicators. International comparison
is valuable not least because it reveals
shortfalls and highlights the potential for
improvement.

Whereas the previous “best” or a
perceived standard becomes the benchmark
to aim for in internal indicators, the world’s
best performers become the benchmark with
international indicators.

The main disbenefit of international
indicators is, perhaps, that such indicators, to
be of any real benefit, must be internationally
supportable and directly comparable.
Differences in reactor design, national
regulatory body philosophy or even internal

company processes can be problematical
when considering the development and
deployment of such indicators. Naturally such
factors can cause difficulties in securing
international agreement on a standard which
can be applied equally to all, but it is essential
that such agreement is achieved if the full
potential benefit of an indicator is to be
realised. Moreover, established indicators
need to be reviewed at regular intervals to
ensure that they remain focused.

In the UK the key international indicators
used are derived from the WANO Performance
Indicator Programme which currently supports
ten internationally accepted indicators. These
are:

•  Unit Capability Factor
• Unplanned Capability Loss Factor
• Unplanned Automatic Scrams per 7000

Hours Operation
• Safety Systems Performance
• Thermal Performance
• Fuel Reliability
• Chemistry Performance
• Collective Radiation Exposure
• Volume of Solid Radioactive Waste
• Industrial Safety Accident Rate

The main benefit to the companies of
external indicators is the potential for
comparability. Companies can learn much
from the performance of others and,
importantly, recognise the limitations

With the exception of Sizewell B (PWR),
the operating reactors in the UK have a design
basis virtually unique, using CO2 gas as the
primary coolant. This aspect has an effect on
comparability and therefore the primary benefit
of some of the WANO indicators. The Fuel
Reliability indicator, for example, is affected by
the design differences of gas cooled reactors
which can remove failed fuel more easily than
other reactor types and do so. Moreover,
improving the indicated values, of the
Chemistry Indicator, for which the gas colled
reactors appear are likely to appear poor when
compared internationally, may actually cause
boiler damage.

Two other indicators, the Solid Low Level
Waste and Thermal Indicator are generally
little used. For example, the Solid Low Level
Waste Indicator is viewed in the UK as not
being internationally comparable (one reason
is because different countries have differing
levels of compaction).
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Five of the ten WANO indicators are
clearly internationally comparable and are
targeted to monitor against. They are:

• Unit Capability Factor
• Unplanned Capability Loss Factor
• Unplanned Automatic Scrams per 7000

Hours Operation
• Collective Radiation Exposure
• Industrial Safety Accident Rate

It should be noted that the new Forced
Loss Rate Indicator to be trialled in the near
future will also become one of those targeted
by the company(ies).

How information is disseminated

Both companies in the UK have a desire to be
amongst the best performers in the world,
(“world class”). A ”world class” operator in
these five indicators is generally deemed to be
within the top ten per cent of the worlds
reactors (Upper Decile). Moving towards
“world class” does not happen overnight and is
progressive. The aim, therefore, is to achieve
upper quartile (top 25%) initially and then to
progress towards upper decile. In support of
this intention, it is important to make full use of
the data available to the company. With regard
to the indicators identified above, data is
currently provided electronically to member
utilities by WANO in the form of a spreadsheet.
From this charts are created to show the
respective positions of Upper Decile, Quartile
and Median values together with the indicated
values for each site or reactor. An example of
one such chart is given in Figure 1 in the
Appendix to this paper.

In this example a “snapshot” view is presented
for Unit Capability Factor over the course of
one year. The 420 or so reactor values are
plotted from left to right, highest to lowest and
markers are included to note Upper Decile,
Upper Quartile and Median values. Against
this the 15 British Energy reactors’ values are
marked. It is important to note that the
significance of the chart is not to provide
rankings for the world’s population of reactors
but to provide a clearly understandable and
recognisable chart showing the degree to
which any given indicated reactor must
improve in order to achieve Median/Upper
Quartile/ Upper decile (and hence World
Class) status. These charts are revised as
each new set of data is published and widely
distributed within the company.

The chart in Figure 1, however, only
shows a “snapshot” at an instant in time. The
value of indicators is not necessarily only in
the indicated value at one single point in time,
but also in the change of that indicated value
over time. Other charts are therefore also used
that show this change. An example of such a
chart is given in Figure 2.

Performance against these indicators is
actively monitored within the company(ies) and
they form part of the company internal
acccountability process, which reviews
performance against these indicators and
others with those responsible for influencing
them. The five WANO indicators identified
above are essential to this process and spear-
head the whole array of indicators used in this
process.

Comparison is drawn against other
nuclear generators external to the company
and in so doing against world class
performance. Supplementing these five WANO
indicators are other internal indicators (some
of which are used by other nuclear generators)
covering a whole range of areas. Together, the
whole suite of indicators forms a strong basis
for monitoring both plant and personnel
performance.

The indicators have been promoted within
the company(ies) from the highest level and
the interest from staff at all levels has been
nurtured. Consequently, new data and charts
are always keenly awaited.  Display of charts
by internal intranet is one way in which the
latest results are disseminated, but they are
also used in presentations to staff and team
briefings.

As such the indicators form an integrated
part of the company’s(ies) culture. Critical
examination of the results encourages not only
a review of the effectiveness of current
practices but also provides an ongoing
effective way of assessing the effectiveness of
measures or initatives deployed to improve
performance (identifying and addressing the
root causes of unplanned losses or the
personnel injuries, for example). Because they
provide a very reliable and clearly
communicable tool, the indicators are valued
and form an essential and continual part of the
company(ies) self-evaluation. Through the
indicators, failings are quickly communicated
and can be addressed and importantly,
achievements can be rewarded.
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Future Developments

Since December 1995 the IAEA has
embarked upon a project to develop a
framework for the establishment of operational
safety performance indicators. A co-ordinated
research project began towards the end of
1999 and is expected to be concluded in
2001/2.

The objective of the project is to assist
nuclear power plants to develop and
implement their own plant specific operational
safety performance indicator programmes or to
enhance existing programmes. Unlike the
WANO indicators, the framework is not
intended to produce an internationally
comparable data source but is intended to pull
together in a coordinated way the indicators
(including the WANO indicators) used by a
particular plant. The benefit of the framework
is that it allows a “global” picture to be viewed
capturing the performance on the whole
spectrum of safety areas.  The framework
uses a heirachical structure and a simple

diagram indicating how this might be
structured is shown in Figure 3.

The framework is intended to highlight the
change over time in the indicated values and
significantly shows improving or deteriorating
trends. In this way it acts as an early warning
system indicating particular areas to be
targeted for improvement.

The framework is essentially a self-
evaluation tool, the development of which the
company(ies) are actively participating in. The
potential benefit from employing such a tool
builds on work previously done within the
company(ies) using WANO and internal
indicators and is likely to enhance it, identifying
any shortfalls in areas monitored.

In an increasingly competitive environment
both companies value the range of
international performance indicators available
to maintain and enhance performance. They
provide a standard to strive for, a target that
both companies intend to meet.
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ABSTRACT

A new hierarchical and risk-based
approach to performance monitoring of
nuclear power plants is proposed that is
capable of accommodating several
applications, including the identification and
correlation of potential event forerunners that
could signal deterioration in future safety
performance.  The basis and framework of the
approach are presented, an example
application and its results are discussed, and
recommendations are made regarding actual
plant data collection and analysis.

INTRODUCTION

A nuclear power plant (NPP) performance
indicator (PI) is a basic parameter (whether
described qualitatively or quantitatively) that is
perceived as having potential meaning (or
relationship) to a given figure of merit (e.g.,
economic value, power production, safety,
etc.).  For example, some PIs that have been
proposed include: number of reactor scrams,
number of safety system failures, the time
between forced outages, the measured
radiation exposure, etc.

If properly selected, PIs are useful in
evaluating and comparing performance (e.g.,
over time for a given plant or group of plants,
over a cross-section of plants at a given time,
etc.), and in serving as the basis for making
decisions that affect plant performance.
Although PIs themselves are typically
quantitative, their use in a decision process
can be purely qualitative or, if appropriately

conceived, based or guided (at least in part)
on a more systematic, quantitative approach.

Currently, qualitative use of performance
indicators is an essential element of efforts, by
the nuclear industry and nuclear regulatory
organizations, aimed at the activities such as:
(1) monitoring performance; (2) identifying and
rectifying potential degradations in
performance; and (3) developing effective
strategies for improving performance and
enhancing operational safety of NPPs.

Various approaches to defining, collecting,
monitoring, and reporting PIs have been
proposed and/or implemented by various
organizations, including the nuclear industry
[1], regulatory authorities (e.g., see [2]), and
the International Atomic Energy Agency [3].

The preponderance of such performance
indicators can be characterized as "low-level"
PIs.  A "low-level" PI is described in terms of
fundamental (and usually dynamic) plant
events or conditions that are thought (or
hypothesized) to ultimately impact overall
performance (e.g., safety).  Only to a lesser
extent have industry and regulators proposed
(at least within the performance indicator
context) the development and monitoring of
"high-level" performance indicators of plant
safety.  Such "high-level" safety performance
indicators can be termed distinctly as safety
indicators (SIs); they serve to more directly
measure/quantify plant safety, or the safety
significance of the low-level plant events or
conditions, than just the PIs themselves.

Even though lesser attention has been
given in the past to establishing a formalized
PI and SI framework, the selection and
implementation of a well-structured monitoring
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system for performance indicators and risk-
based safety indicators is a crucial aspect of
regulators' current endeavors to implement a
meaningful process of risk-informed and
performance-based regulations, and is equally
crucial in corresponding industry safety
management and decision processes.

OBJECTIVES

The principal objective of this paper is to
present and recommend a new and
advantageous system/process for risk-based
safety performance monitoring of NPPs.  The
proposed approach and its development are
substantially unique and versatile, and enable
one to relate rates of occurrence of carefully
chosen dynamic events and conditions (e.g.,
maintenance problems, safety-significant
errors, etc.), that are potential accident
forerunners manifest in safety culture and
organizational procedures, to predicted
quantitative and qualitative impacts on plant
safety.

RISK-BASED APPROACH

In general, the worthiness of a risk-based
performance monitoring system can be
described in terms of the following desirable
attributes:

1) Adequately represents plant safety
performance, and directly relates such
performance to risk and/or
constituents of risk (reliability,
availability, probability and frequency).

2) Identifies significant manifestations of
organizational and other factors that
could signal “deterioration” in safety
performance before actual adverse
safety impacts are realized.

3) Has small potential for spurious
correlations.

4) Is implemented (defined and
calculated) unambiguously and
consistently across all plants.

5) Provides direct input to risk-informed
and performance-based regulatory
process.

6) Complements (and not replaces) other
available means for assessing
licensee performance (e.g., inspection
activities).

In consideration of these desirable
attributes, the focal point in developing the
proposed approach has been on the effective
use of probabilistic safety assessment (PSA),
as PSA provides the formal and most logical
means for quantifying the safety significance
of operational events, corrective actions,
design modifications, and configuration (plant
condition) changes.  In other words, PSA
establishes a consistent framework for
defining the most meaningful set of PIs, and
for linking these with the most effective SIs.
Risk-based PIs and SIs (i.e., those quantities
collectively capable of relating failures or other
plant occurrences to changes in risk) provide
the most rational, quantitative, and uniform
basis for comparing the safety significance of
plant events and conditions (including their
causes and trends) at a given plant, among a
group of plants, or for the entire population of
plants.  (Stated differently, if any hypothesized
low-level PI cannot be associated with a PSA
input, or any proposed high-level SI cannot be
related to a PSA output, its value to safety
performance monitoring is substantially
diminished since its relevance to safety cannot
be clearly demonstrated or shown to be non-
arbitrary.)

Accepting a living-PSA-based framework
specifically enhanced for safety performance
modeling facilitates the identification of those
PIs and SIs that are important to track in a
safety monitoring process.  Simply stated, SIs
are chosen indices of safety measured in a
PSA (e.g., core damage frequency,
containment failure frequency, etc.), and
directly relevant PIs include only those
conditions or events that act to rationally
modify some PSA input parameter that
(through re-quantification of the PSA model)
has a consequential impact on the chosen SIs.

As already suggested, any PI that cannot
be directly related, or at least meaningfully
correlated, to a change in a PSA input
parameter does not have a tractable effect on
plant safety, and its use and implications are
therefore unclear.  Furthermore, it is important
that a relatively small number of the best
predictive PIs (e.g., those event forerunners
that are related to, or affected by, safety
culture and organizational performance) be
used to augment the more obvious/explicit
PSA-based PIs, so as to account for indicators
at a still lower level than are normally
considered in a conventional PSA that has not
been enhanced with respect to performance
monitoring.

At this point, it is important to distinguish
the differences between the enhanced
“performance monitoring system” described
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here, versus what has been recently referred
among the nuclear profession as a “safety and
risk monitor.”

A “safety and risk monitor,” typically
implemented as a living PSA model, tracks the
safety dynamics of a nuclear power plant due
to changes in plant configuration and plant
operational procedures.

On the other hand, the enhanced
“performance monitoring system” is designed
to track and/or predict the safety dynamics of a
nuclear power plant due to the occurrence of
(categorically described) safety-relevant
events or conditions (including event
forerunners manifest in safety culture and
organizational influences that are not factored
into a living PSA); and, as such, the objectives
and implementation of this enhanced
“performance monitoring system” differ
importantly from a “safety or risk monitor.”

Hierarchical Use of Performance Indicators

Some potential candidates for safety-
relevant PIs include rate measures (e.g.,
number of events per reporting time period) of
the following occurrences [4]:

• Initiating event (internal or external)
• Component unavailability or multiple

related unavailabilities
• Safety function unavailability
• Safety system unavailability
• Train unavailability or multiple train

unavailabilities
• Other significant events or collectively

significant related occurrences
• Balance of plant (BOP) failures
• Personnel errors
• Non-power events
• Other potentially significant events or

event forerunners

As will be introduced here, for
performance monitoring purposes, safety-
relevant PIs are most effectively implemented
by categorizing events and conditions (i.e., the
raw performance data) into a matrix of “type”
of PSA impact and “level” of potential risk
significance.  The PIs of interest, then, are the
number (or other quantitative description) of
reported events/conditions that belong to a
given category of occurrence.  The matrix
categories of PI types and levels are
summarized, as follows.

PI Types

In the present approach, the proposed PI
event types are defined as:

Type-A: Initiating event; or changes, in a
known way, an initiating event
frequency;

Type-B: Functional unavailability; system
unavailability; train unavailability; or
changes, in a known way, the failure
rate of a safety function, system, or
train (directly, without being
attributable to a change in
component failure rates);

Type-C: Component unavailability; or
changes, in a known way, a
component failure rate; and

Type-D: Correlates with a change in a failure
rate (of a safety component, train,
system, or function) or an initiating
event frequency.

The purpose of categorizing PIs into these
types is to map the myriad of possible events
and conditions into a manageable set of
groups; and to provide a means by which one
can obtain greatest insight as to the source of
changes in the relevant SIs.

In the foregoing classification scheme, the
Type-D class of events is a very important and
unique aspect of the proposed performance
monitoring system that helps capture the
ability to (a) predict future performance, and
(b) identify manifestations of safety culture
and/or organizational influences and other
factors that could signal deteriorating safety
performance before actual adverse safety
impacts are realized.  Additionally, Type-D
events are expected to occur most frequently
among the four types of events cited above.

To implement the Type-D indicators into
the performance monitoring system, an
approach that develops quantitative
relationships between the Type-D PIs and
changes in PSA input parameters, has been
developed [5], as described later in this paper.

In the foregoing classification scheme,
functional, system, or train (FST) failures are
all embedded as Type-B events for the
following reasons: (1) in general, few
occurrences of such events are expected; (2)
the number of PIs that are tracked becomes
reduced; (3) the significance of such events
are conservatively highlighted by treating them
as potential functional failures; and (4) the
data searching capabilities of an automated
performance monitoring system will enable the
analyst or decision maker to, if needed, readily
extract the precise nature of the
event/occurrence that led to the change in the
PI.  Also, to help simplify the PI system, any
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condition which results in a known change in
the frequency of an initiating event, FST failure
rate, or component failure rate is accounted,
respectively, as a Type A, Type B, or Type C
event, since it would have an impact on the
PSA model that is similar to an actual
unavailability.  (In other words, the frequency
in each such case changes, not to unity, but to
some value between the baseline PSA value
and unity.)

PI Levels

The proposed PI levels, defined in general
terms of their potential risk significance, are:

Level-1: High potential relative increase in a
SI,

Level-2: Moderate potential relative increase
in a SI; and

Level-3: Low potential relative increase in an
SI.

The purpose of categorizing PIs into levels
is to enable one to be able to distinguish the
significance of each PI.  In this way, the source
of a marked SI change can be readily tracked
to either a single significant event, a number of
events/conditions of lesser significance, or
something in between.

Evaluation of PIs

The general procedure for evaluating
safety-related PIs, and determining
corresponding changes in SIs, on a periodic
basis, consists of the following steps:

1. Collect raw data on the various
occurrences (events and conditions)
relevant to the PSA model, including the
predictive Type-D events.

2. Perform an analysis of plant events, failure
modes, and potential causes of observed
failures (e.g., as in the NRC’s Sequence
Coding and Search System [SCSS]).

3. Perform the categorization of each
event/condition into its respective PI matrix
element.  Accumulate changes to PIs
based on all occurrences.

4. Re-evaluate each SI based on the
cumulative effect of the changes in PIs.

Figure 1 provides an overview of this initial
step in implementing the risk-based
performance monitoring system.  In this figure,
it is seen that the raw data (plant events and
changes in plant conditions) are mapped into a
PI matrix element ij.  Type A, B, and C events
get directly assigned to the appropriate PI
level. Each event/condition identified as a
Type-D event (i.e., a potential forerunner of
more serious events) gets indirectly assigned
to a PI level (matrix element, 4j), by application
of a specific event forerunner “correlation” with
PSA inputs. (The development of such
“correlation” is derived from a Bayesian
approach, whereby each monitored realization
of Type-D events is treated as a “sampling” of
a plant’s safety culture, and is used to “update”
applicable reliability measures.  The basis and
implementation of this approach is discussed
in more detail subsequently and in Ref. [5].)
The effects of multiple events mapped into a
given PI element are directly cumulative. In
turn, the aggregate effects of all elements PIij
are then accumulated for determining the
change in SIk, the desired high-level result of
the performance monitoring system. (Stated
more accurately, the proposed performance
monitoring system uses a PSA-derived
database to efficiently associate matrix values
of PIij to their corresponding impacts on each
SIk.)

M a t r ix  o f  P e r fo r m a n c e  I n d i c a t o r s
P I ij

L e v e l
j =

T y p e
i=

1 2 3
(H ig h ) (M o d . ) (L o w )

1  ( A )

2  (B )

3  (C )

4  (D )

R E P O R T E D
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As performance monitoring progresses,
when an anomalous trend in any SIk is
observed, the anomaly can be traced back to
a corresponding anomalous behavior in a
given PI element or elements.  The type and
level of the PI provide key insights as to the
ultimate source of the anomaly (which can, if
desired, be further tracked back to its
source[s]).  It is anticipated that the frequency
of raw events will increase, roughly, both with
increasing PI type and with increasing level
number.  Much of the change in an SI may
typically be associated with changes in event
forerunners. Therefore, as an alternate way of
using the performance modeling system,
changes in demonstrably important event
forerunners could also be tracked
independently. By means of the event
forerunner correlations (an enhancement that
complements the PSA), combined with the
inherent PSA-governed PI-SI relationships,
any anomalous trends in the event forerunners
can then be assessed as to their ultimate
impacts on PIs and SIs.

Type-D PIs

Perhaps the most novel element of the
proposed approach is the concept of
identifying and relating Type-D event
forerunners to changes in PSA inputs.  The
process for making use of event forerunner-
PSA input relationships consists of the
following steps [5]:

1. Collect raw data on the various
occurrences of event forerunners.

2. Apply an appropriate event forerunner
relationship to determine the implied
change in PSA input (e.g., component
failure rate, human error rate, etc.).

3. Categorize the change into its respective
Type-D PI level.  Accumulate changes to
PIs based on all such changes derived
from event forerunner relationships.

4. Re-evaluate each SI based on the
cumulative effect of the changes in the
Type-D PIs.

This process requires that the important
(best predictive) set of Type-D events be
defined and that relationships between the
number of such events and changes in PSA
reliability measures (i.e., component failure
rates and initiating event frequencies) be
developed.  Initially, this requires an
investigation to identify preliminary indicators

and relationships to start the performance
monitoring process.  Over the long term, an
important objective is to make use of
performance monitoring experience to refine
the selected events and predictive functional
relationships.  Correspondingly, there is a
need to determine the long-term data
collection strategies that will enable
improvement of the Type-D event forerunner
relationships.  (These preceding points are
emphasized to the reader.  Advancement in
performance monitoring depends critically
upon first defining a meaningful stating point in
data collection [e.g., what data to collect, as
well as when and how to best collect that
data], and then evolving the performance
monitoring process through subsequent
improvements suggested by the collected
data.  To that end, the proposed functional
relationships and performance monitoring
framework are intended to be viewed as a
highly rational starting basis, as opposed to a
final, unchanging set of relationships for
performance monitoring.)

Based on an evaluation of several
alternative methods, an expert elicitation
approach was formulated and used [5] to
develop the desired initial set of relationships
between Type-D PIs and PSA inputs.  This
multiple-expert elicitation approach is
summarized as follows.

The fundamental premises of the
approach include:

• There exist a set of low-level PIs (i.e.,
descriptions of operational or
organizational variables) that, given
adequate data, could be shown to
correlate with reliability (failure
likelihood) at the component level.

• Lacking adequate data at the present
time, the most informed basis for
identifying such indicators is through
multiple-expert opinion.

• The identified (from multiple-expert
consensus) safety-relevant PIs can be
used to characterize or measure a
plant’s attentiveness to safety, which
(for convenience) can be referred to
as “safety culture.”

• Safety culture is thus a description
that has a statistical relationship to
reliability.
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In other words, what is suggested here is
that safety culture can serve as a convenient
and effective link or “pinch point” between the
quantification of well-selected Type-D
performance indicators and the determination
of reliability impacts.

In stating these premises, it is recognized
that there have been various proposed
measures or descriptions of safety culture that
have served various purposes and that do not
necessarily match the definition of safety
culture presented here.  For this study,
however, categorization of safety culture is
introduced for convenience, and safety culture
is considered to have value to the extent that it
relates to plant reliability.

Relationships to Safety Culture

The relationships between safety culture
and reliability measures (i.e., component
failure rates and initiating event frequencies)
are described by conditional probability
distributions that are characterized by a mean,
standard deviation, and distribution type, as
determined through Bayesian analysis.  Plant-
to-plant (population) data on component failure
rates are used to define generic (prior)
distributions or generic distribution
parameters. Presumably, this data represents
a composite experience for plants having
varying safety cultures.  It is thus reasonable
to assume that, when conditioned on safety
culture (e.g., as “sampled” by a recoded set of
Type-D PIs for a given reporting time period),
the failure rate distribution will not be
equivalent to the unconditional distribution, but
will be altered (updated) with respect to the
unconditional distribution in a consistent way.
For instance, conditional upon a poor safety
culture, one would probably expect increased
mean failure rates with respect to the
unconditional case.  Further, to roughly
preserve the overall standard deviation of the
unconditional distribution, reductions in the
standard deviation for the safety-culture-
conditional distributions (relative to the
standard deviation of the unconditional
distribution) would also be expected.

Consistent with the preceding concepts,
the description of updated safety-culture-
conditional probability distributions is facilitated
by relating the conditional mean and standard
deviation (µ', σ') to the unconditional mean and
standard deviation (µ, σ). Further, it is
convenient to model/describe the conditional
means as:

 µi’ = αi µ (1)

and the conditional standard deviations as:

σi’ = λi σ (2)

where αi and λi are constants applying to the
ith category of safety culture.

In this formulation, it is important to note
that a condition that the composite of moments
of the conditional distributions should be
precisely equivalent to the moments of the
unconditional distribution would impose
specific mathematical requirements on the (µi’,
σi’).  However, our objective is not necessarily
to strictly preserve the unconditional
distribution, but rather, to use it as a rough
guide to help ensure that the present
determination of relationships of failure rates
versus safety culture are tied to a reasonable
and justifiable scaling basis.

Therefore, the several experts who
participated in this study were not asked to
directly identify the performance indicators that
convey the notion of safety culture, but rather,
to first select the indicators they believed had
the most direct and significant impact on
reliability measures.  Subsequently, they were
asked to relate values of the selected most-
promising safety-significant performance
indicators to meaningful designations of safety
culture, and then to relate states of safety
culture to quantitative influences on reliability
measures.

Figure 2 illustrates the hypothesized
influence of safety culture on a component
failure rate or an initiating event frequency.
This figure indicates that the (prior) probability
distribution of a reliability measure, as used in
a conventional PSA, is based on data reported
from the experience of several plants, some
having good safety cultures, some having
average safety cultures, and perhaps some
having poor safety cultures. Conditional
probability distributions of the reliability
measure for each category of safety culture,
which collectively comprise the entire
unconditional distribution, can be conceived.
With information/sampling on safety culture
(obtained from the values of the key
performance indicators), therefore, the
conditional (updated) probability distribution of
the reliability measure can be refined.

Expert Elicitation Process

The expert elicitation process was
designed to consist of a combination of a
multiple-phase questionnaire and workshop,
summarized as follows:

1. A Phase-1 questionnaire was developed to
identify the most promising independent
variables, to assess the feasibility of
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proposed methods, and to finalize the
format of the relationships based on Type-
D indicators.
                      (a)

                             (b)

Figure 2 Hypothesized safety-culture
conditional probability distributions
comprising the unconditional
distribution of a reliability measure
(a) histogram form and (b)
continuous form.

2. A Phase-2 questionnaire was developed to
determine preliminary relationships
between Type-D indicators and reliability
measures.

3. A workshop was designed to enhance
communication with experts; to ensure a
meaningful technical exchange; to reach
consensus on the format and results of the
desired relationships between (a)
performance indicators and safety culture,
and (b) safety culture and impacts on
reliability measures; and to note and

address any caveats expressed on the
part of the experts.

4. A revised Phase-2 questionnaire was
developed based on the expert feedback
received during the workshop, as the basis
for final development of the desired
relationships.

A total of 21 experts, representing
Swedish licensees/plant staff, Swedish
Nuclear Power Inspectorate (SKI), vendors,
research organizations,  consultants, and other
non-Swedish licensees and regulatory
authority staff participated in the study.

For each of eleven (11) key performance
indicators selected and defined during the
workshop, the experts provided their
assessments, in the revised Phase-2
questionnaire, as to their degree of belief that
the indicator has a relationship to changes in
reliability measures.  For each indicator, the
mean value of the degree of belief was
determined in order to characterize the relative
worth of the indicators [5].  The results varied
from the lowest-worth value of 53 to the
highest-worth value of 87.  Although a relative
worth value in excess of 50 suggests at least
some degree of agreement that the indicator
correlates with reliability, values less than
roughly 65 to 70 were not considered to
constitute a strong endorsement of an
indicator.

Based on the analysis of the final
responses, a final list of five (5) PIs was
derived, as summarized in Table 1.

Table 1 Final list of Type-D PIs

Type-D Performance Indicators

1 Annual rate of safety-significant errors (i.e.,
reportable violations of technical specifications) by
plant personnel, contractors, and others.

2 Annual rate of maintenance problems (defined as
maintenance rework or overdue maintenance).

3 Ratio of corrective versus preventative
maintenance work requests (MWRs) on safety
equipment.

4 Annual rate of problems (deviations/failures) with
repeated root cause (i.e., a cause previously
identified by a vendor, the plant, another plant, the
regulator, etc., for a similar plant or group of plants,
or for similar components).

5 Annual rate of plant changes that are not
incorporated into design-basis documents by the
time of the next outage following the change.
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As already discussed, reliability measures
(component failure rates and initiating event
frequencies) are generally described by
means of a marginal (unconditional) probability
distribution, whereas an underlying joint
probability distribution function of reliability and
safety culture can be used to refine the
characterization of reliability through
determination of distributions conditional on
safety culture.  Table 2 presents the expert-
based assessment as to the change in mean
value for the conditional distributions relative
to the mean of the marginal distribution.
Hence, the mean factors in Table 2 multiply
the mean marginal reliability to obtain the
refined conditional reliability. Without specific
information regarding the influence on the
conditional standard deviation, it is reasonable
to assume the same standard deviation for the
marginal distribution of reliability and the
safety-culture conditional distributions.

Table 2 Relationship between safety culture
(SC) and statistics (mean and
coefficient of variation) of the
change in mean frequency of failure
or initiating event

Safety Culture (SC)

Statistics
Superior Above

Average Average Below
Average Inferior

Mean Factor
Multiplying the Mean
Frequency

0.4 0.6 1.0 1.75 2.5

Coefficient of
Variation of Factor
Multiplying the Mean
Frequency

0.6 0.4 0.1 0.4 0.6

The expert-developed relationships can be
refined through collection of data over a period
of time, and re-application of the Baysian
updating approach [5].

EXAMPLE RESULTS

The results of the example application
described herein are based on:

• Simulated (not real) event data derived
from examination of events in a real
Licensee Event Report (LER).

• PSA impact table derived from an actual
study.

• Use of expert-based Type-D PIs and
correlations with reliability measures, as
summarized in Table 2.

• Quantification of Type-D impacts derived
from simulated PI data (i.e., a simulated
“sampling” of safety culture).

There are two alternative approaches to
development of a performance-impact
database, for use in binning various plant
occurrences into the PI-type/level matrix.  The
first approach involves using information
obtained from extensive re-quantifications of
the baseline PSA model.  The second
approach, which is utilized for this example,
involves using a combination of component-
level risk achievement worth importances
(hereafter referred to as risk increase factors),
initiating event core damage frequency (CDF)
contributions, dominant accident sequence
cutsets, and knowledge of plant design and
operation. With this latter approach, only
limited re-quantifications of the PSA model are
necessary to construct the database, and then
this database is used to actually implement
performance monitoring.

The first step in developing the
performance-impact database for the present
case study involved constructing a table
containing the different components, trains,
systems, functions and initiating events
(CSFIs) included in the PSA model,
categorized by their PI-type.  Each CSFI is
represented by its event identifier from the
PSA model.

The next step undertaken involved
determining the numerical impact that each
CSFI has on its associated PSA parameter.
For initiating events, the associated initiating
event frequency is set to one per year. For
other CSFIs, the particular CSFI is assumed to
be failed (i.e., its unavailability is set to a value
of 1.0).

Using the information obtained in the
previous step, the impact level for each CSFI
was established.

Two methods are available for obtaining
the impact level for initiating events. In the first
method, the conditional core damage
probability (CCDP) could be calculated for
each initiating event. If core damage frequency
(CDF) results are available for each initiating
event, as for the case study, then the CCDP is
simply obtained by dividing the associated
CDF by the initiating event frequency (per
year). If such results are not available, or
easily obtainable, then the PSA model can be
requantified by setting the subject initiating
event frequency to 1.0 per year, and all other
initiating event frequencies to zero. The
resulting CDF will be equivalent to the CCDP
for the subject-initiating event. Once the
CCDPs are obtained for all initiating events,
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the CCDPs should be rank ordered, and
engineering judgment can be used to
subdivide the range of CCDPs into the three
impact levels (i.e., high, moderate, and low).

In the second method, a qualitative level
assignment can be made, as was done for the
case study.  All initiating events that result in a
LOCA or significant reduction in the mitigating
ability of the plant (e.g., loss of offsite power or
loss of service water) were assigned to the
high impact level category.  These types of
initiating events typically have a relatively low
occurrence frequency.  All initiating events that
result in little or no reduction in the mitigating
ability of the plant (e.g., general transients or
turbine trips), were assigned to the moderate
impact level category.  These types of initiating
events typically do occur with some regularity.
Lastly, any initiating events considered in the
PSA, which require some additional failure to
occur in order to result in a reactor trip (e.g., a
single turbine trip coincident with failure of the
plant runback system), were assigned to the
low impact level category.

The impact level for each safety function,
system, train or component, was quantitatively
assigned based on the corresponding risk-
increase factor (RIF). The appropriate RIF was
typically either obtained or estimated from the
existing PSA importance results. A rank-
ordered listing of the RIF for the top few
hundred components was obtained directly
from a PSA computer model. It was first
determined that all components with RIFs
below 1.01 have no quantifiable safety
significance. Engineering judgment was then
used to sub-divide the retained range of RIFs
into high, moderate and low categories, as
follows:

High (Level 1) RIF ≥ 3.00
Moderate (Level 2) 1.30 ≤ RIF < 3.00
Low (Level 3) 1.01 ≤ RIF < 1.30

It should be noted that the boundaries
selected for the different impact levels are
somewhat arbitrary, and depending on the
actual RIFs obtained for a given PSA,
engineering judgment can be used to redefine
these boundaries (based on, for example, a
finding that a RIF clustering trend is
noticeable).

Using these defined boundaries, the case
study resulted in nearly an equal number of
components being assigned to the high,
moderate, and low impact categories.

The impact level for each safety system
(or safety system train) was assigned based
on correlation with the RIFs of components
within the system or train. Typically, the RIF

for a safety system or train was taken to be the
highest RIF associated with a component
which could fail, by itself, the subject system or
train. (Due to the explicit modeling of common
cause failures as basic events in the case
study PSA model, single-point failure events
were available for all systems modeled.)

The impact level for each safety function
considered in the PSA was assigned to the
high category, based on engineering judgment
and knowledge of the PSA. For confirmation,
the PSA model was requantified once for each
safety function, with the unavailability for the
subject safety function set to 1.0. The resulting
total CDF for each requantification was divided
by the baseline PSA total CDF to obtain the
appropriate RIF. The RIFs associated with
each safety function obtained by
requantification ranged between 300 and
6000, thereby confirming that each safety
function should be assigned to the high impact
level category.

One of the most useful applications of the
PI monitoring system is the trending of
historical plant safety performance, by tracking
changes in PIs and SIs. As performance
monitoring progresses, when an anomalous
trend in an SI is observed, the anomaly can be
traced back to a corresponding anomalous
behavior in a given PI element, or elements.

The plant events included in the case
study typically involved Type-C PIs. Using the
information provided in the event database,
the PSA impact table, and the performance-
impact table, the occurrences of the Type-C
PIs were calculated [4] on a monthly basis, as
shown in Figure 3. The SI considered for the
case study is core damage frequency (SI1),
and is trended by plotting the RIF for each
event occurrence. In Figure 3, the change in
SI1 (∆SI) is tracked monthly through
calculation of an averaged monthly RIF. The
averaged monthly RIF is calculated by
weighting the RIF associated with each event
occurring in a given month by the event
duration. Note, for functional failures of
standby equipment, the average fault
exposure time must be added to the event
duration.

Review of Figure 3 shows, as expected,
that PI has the greatest impact on ∆SI, while
PI31 has the least impact. Obviously, the
greater the PI impact level, the more closely it
should correlate with ∆SI.

It should be noted that the correlation
between the PIs and ∆SI in Figure 3 is not
precise, since the tracking of PIs is only based
on number of occurrences, and does not
account for the duration of the event, which
has a direct influence on ∆SI.
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Figure 3 PI results (per monthly average)

Also, applying the Type-D correlations
between safety culture and the changes in
mean failure frequencies and initiating events,
the impact on CDF is demonstrated in Figure 4
for the example plant considered here.

Figure 4 Impact of safety culture on core
damage frequency (SI)

CONCLUSIONS AND RECOMMENDATIONS

The approach discussed here has
established a consistent and logical basis for
developing a risk-based performance indicator
system, including event forerunners, used to
detect early signs of deterioration in safety
performance (i.e., Type-D PIs).

The relationships of the Type-D
performance indicators developed as part of
this research, enable various organizational,
maintenance, and operational influences, that
are manifested through key events that can be
identified and reported at a plant, to be
accounted for in terms of their impacts on
safety.  The relationships and the capability
they pose are significant new and unique
developments.

The relationships require that plant-
specific data on the key performance
indicators be acquired and analyzed.  This, in
turn, necessitates that a regular and
systematic supplementary data collection
program be implemented.  Hence, it is
recommended here that such a data program
be developed and undertaken, specifically
within the context of an overall PSA-based
safety monitoring system.  Plant licensees
should be responsible for the supplemental
data collection effort; however, the data
collection requirements should not pose an
undue burden on the licensees.  To the extent
possible, the data collection program should
be coordinated, and possibly integrated, with
existing licensee data collection and event
reporting efforts.  For instance, some of the
indicators (Type A to C) used as a basis in the
performance monitoring system will already
likely be recorded in licensee event reports.
Some licensees may also already be collecting
data similar to the key Type-D indicators
developed as part of this study.
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The present study has required input from
various knowledgeable experts for the purpose
of developing an initial preliminary database
from which to proceed.  This approach has
been necessary because scant empirical data
exists and the few available theoretical
approaches either have limited applicability to
safety performance monitoring, or they are too
onerous to implement for routine monitoring.
Although the existing expert-based database
does have some potential limitations with
respect to robustness, it should be expected
that the results of the overall performance
monitoring system will improve significantly
with time, as a history of relevant reliable data
collection is realized.  After a number of years
of data collection, the expert assessments
performed for this study can be replaced or
refined by actual empirical statistics and the
procedures for use of the data can be
correspondingly improved.
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ABSTRACT

Teollisuuden Voima Oy (TVO) operates
two almost identical 840 MWe BWR units on
the Olkiluoto island on the west coast of
Finland. The paper presents TVO’s practices
for WANO Performance Indicator program.
Some experience is described concerning the
weaknesses revealed by the indicators and
actions taken to remove the root causes. The
utility has maintained a living PSA since 1992.
The paper ends with a short description on the
development of core damage frequency.

INTRODUCTION

Teollisuuden Voima Oy (TVO) operates
two almost identical BWR units on the
Olkiluoto island on the west coast of Finland.
The net electrical output of each unit is 840
MW. Consequently, these units have been
named Olkiluoto 1 (OL1) and Olkiluoto 2
(OL2). The units have been designed and
delivered by the Swedish company ABB Atom.

OL1 and OL2 produce energy at cost to
the shareholders mainly consisting of the
Finnish pulp and paper industry. The load
factor of both units has increased steadily
during the first half of the 1980's, reaching 90
percent. The average load factor of the past
ten years (1988-1997) for both units has been
about 93 percent.  The unplanned energy
unavailability has been during the last years
below 0.5%. Despite efficient modernization of
the units during 1994-1997 the indicator value
for Unplanned Capacity Loss Factor was
below 1.5%. The refueling outages, which are
very short in the international comparison, are
carried out in the spring when there is a lot of
hydropower available in Finland.

WANO PI

Olkiluoto has begun to report six indicators
to the WANO PI system in 1990, and all ten
indicators one year later, in 1991. For each
indicator there was named a responsible
person from the organization, which is able to
affect on the factors that the indicator
measures. He submits the input data for the
indicator, and performs analysis on the
development of the indicator, when required.
Inside the company the follow-up of indicators
started at the same time, but the first reactions
were rather mild, because the indicators
showed rather good and stable values during
several years. Comparisons were made to the
median values of suitable reference groups,
i.e. to ALL nuclear power plants in the world, or
to BWR units. In addition the values reported
by KSU in Sweden from plants delivered by
ABB Atom, and the value of Industrial Safety
Accident Rate from PWR reactors in Finland
were used as close a references.

Olkiluoto has an own follow-up system
based on four classes in comparison to the
reference group (Figure 1). The green color
means that Olkiluoto belongs to the best
quartile in the reference group, and the red
color the worst quartile, correspondingly. In
addition a Weighted Generic Indicator (Figure
2) was developed. It is the sum of rankings of
all 12 indicator values. The ranking gets value
2, 1, -1 or -2 if Olkiluoto belongs to the best,
second, third or worst quartile in the reference
group, correspondingly.

Figure 1 shows that several indicators of
Olkiluoto started to place in worse quartiles in
1995. The management of the company was
informed once a year about the status of the
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indicators, but they required a broad analysis
on the worst indicators as late as 1998, when
the comparative generic indicator in Figure 2
two years had showed that Olkiluoto is in
average below the median value. Some

progress can be seen during the later years,
but the average level of the indicators in the
reference group has improved drastically. Thus
it seems to be rather difficult to reach the
earlier good level.

TVO IN WANO PI QUARTILES TVO IN WANO PI QUARTILES
Indicator 1994 1995 1996 1997 1998 1999 VII/99-VI/00

1 Unit Capability Factor All(395) All(407) All(421) All(419) All(420) All(422) All(1999)
2 Unplanned Capability Loss Factor All(404) All(409) All(421) All(420) All(420) All(422) All(1999)
3 Unplanned Automatic Scrams/7000 hours critical BWR(85) BWR(87) BWR(91) BWR(86) BWR(89) BWR(90) BWR(1999)

4A Safety: Auxiliary Feed Water BWR(80) BWR(78) BWR(87) BWR(86) BWR(88) BWR(90) BWR(1999)
4B Safety: Residual Heat Removal BWR(82) BWR(79) BWR(88) BWR(90) BWR(91) BWR(90) BWR(1999)
4C Safety: Emergency AC Power All(161) All(174) All(179) All(188) All(185) All(376) All(1999)
5 Thermal Performance All(296) All(304) All(300) All(332) All(357) All(349) All(1999)
6 Fuel Reliability BWR(84) BWR(86) BWR(90) BWR(80) BWR(83) BWR(88) BWR(1999)
7 Chemistry Index BWR(79) BWR(81) BWR(85) BWR(82) BWR(83) BWR(85) BWR(1999)
8 Collective Radiation Exposure BWR(88) BWR(88) BWR(92) BWR(90) BWR(91) BWR(90) BWR(1999)
9 Volume of Low -Level Solid Radioactive Waste BWR(79) BWR(80) BWR(77) BWR(73) BWR(90) BWR(88) BWR(1999)
10 Industrial Safety Accident Rate All(191) All(191) All(197) All(201) All(202) All(423) All(1999)

Weightened sum of rankings 2 1 3 -5 -5 -6 -4
Final Final Final Final Final Final Prognosis

based on
Percentage of units/sites better than TVO: 0-25% 25-50% 50-75% 75-100% VII/99-VI/00

TVO in quartile:
In best 
quartile

Above 
median

Below 
median

In worst 
quartile

Weight: 2 1 -1 -2
Weightened sum: 13...24 1...12 -12...0 -24...-13

All      = All types of NPPs
BWR = Boiling Water Reactors only
(Number of units or sites reported)

Figure 1 Annual ranking of Olkiluoto with respect of each indicator during 1994-1999. Colors are
same as in NRC's Reactor Oversight Process , but the thresholds are relative to the ranking in the
reference group.
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Figure 2 The comparative generic indicator is the weighted sum of rankings in Fig. 1



53

The following chapters describe first the
good availability performance indicators, and
give some examples on the analysis results
and actions taken due to the broad analysis of
the bad indicator values.

Good Availability Performance Indicators

The Unit Capability Factor (Fig. 3) of
Olkiluoto has been in the best quartile
compared with all units in the world, though
the plant has been modernized during the
years 1994-98, and the median value of the
indicator has increased eight per cent in ten
years.
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Figure 3 Unit capability factor

Similarly the Unplanned Capability Loss
Factor (Fig. 4) has mainly been kept in the
best quartile.
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Figure 4 Unplanned Capability Loss Factor

Unplanned Automatic Scrams per 7000
Hours Critical

The number of automatic scrams has
been a long time above the BWR median
value. There has been made numerous
studies in order to decrease the number of
“erroneous” scrams.

During the modernization of the plant the
instrumentation of the turbine plant was
improved. Some single channel measure-
ments were replaces with multiple measure-
ments with 2/3 voting in the protection signal.
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(Unplanned Automatic Scrams per 7000 hours Critical)
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Figure 5 Plant modernization during 1995-98
slightly increased the number of scrams

However, immediately after the
modernization the number of scrams
increased due to new teething troubles. Now,
two years after the modernization, the number
of scrams seems to settle on a stable value. It
has not been better than the mean value in the
world, but not better than the median value,
that has been zero during the last years. The
scram reports go through thorough analysis
continuously in order to prevent similar root
causes to scrams.

Unavailability of Safety System
Components

Reporting the unavailability time of the
safety system components showed that
maintenance personnel had difficulties to
understand the safety importance of safety
system component failure modes, especially
those remaining latent until next test. Failure
exposure time was difficult to define, and it
was not reported. Although the maintenance
personnel can affect on the condition of the
components, the reporting responsibility was
moved from the maintenance personnel to the
plant operation personnel. A question was
raised: Do the other plants report the failure
exposure time honestly?

Before 1997 the indicator was reported on
the basis of some selected components only.
Same or corresponding components were
selected in all ABB plants. This reporting
method did not give reliable results, because
important auxiliary components, like pressure
dampers of piston pumps do not belong to the
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pump, but they have separate component
codes, and were not reported.

The indicator is correctly reported on train
basis since 1977, and it shows clearly higher
values than earlier. However, if all critical
components are selected to the component
basis reporting, it should produce same result
as the train based reporting.

Turvallisuusjärjestelmien komponenttien epäkäytettävyys Apusyöttövesi 
(Safety System Train Unavailability, Auxiliary Feed Water)
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Figure 6 AFW component/train unavailability
in logarithmic scale

The WANO indicators have expedited
modifications in the safety systems. The
problem does not lie in high failure rate, but in
long failure exposure time in periodically tested
stand-by system trains. Thus the early
detection of failures should be improved with
better condition monitoring methods and
equipment. Design projects are underway to
improve early detection of failures.

The maintenance department has started
maintenance classification of all components
on the plant. The classification is based on
several factors, but the safety importance
calculated from two importance measures
(Fussel-Vesely and Risk Achievement Rate) is
among them. Because the safety systems
have four identical 50% trains, special
emphasis is put on the prevention of common
cause failures.

Another quantitative classification principle
is the impact of component failure modes to
the production of electricity. A large availability
performance program (VARMA) has started
having as a main goal to prioritize the tasks of
different organizations, based on the
importance of various components. This goal
includes balancing of preventive maintenance
among several other duties.

Fuel Reliability

At the beginning of 90'thies he value of the
Fuel Reliability indicator was continuously high
indicating on fuel leakages. The main reason

were PCI (Pellet Cladding Interaction) failures
in the fuel, but development of fuel more
tolerable to PCI and more strict operational
requirements have removed the PCI problem
in 1994. Another problem seem to be the
debris (foreign bodies) in the primary circuit.
The new fuel elements have been equipped
with debris catchers since 1999, but fuel
leakages have been indicated again during the
last two years.
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Figure 7 Fuel Reliability

The problem in the WANO Fuel Reliability
indicator lie in its sensibility to small leakages,
and its poor resolution on the size or number
of simultaneous leakages. Most leakages in
Olkiluoto have been very small, but the
indicator shows results, that are clearly worse
than median.

Chemistry Index

In the old Chemistry Index sulphate and
conductivity were the parameters, which made
the value of Olkiluoto not acceptable.  The
value decreased, but the median value of
BWR decreased, too. When WANO introduced
the new Chemistry Index in 1997, the value of
Olkiluoto was double compared with the BWR
median. The value has decreased during the
last two years as a result of process
modifications. It is meaning also costs for
better chemistry.

The reason for sulphate in the reactor
water is the degradation of ion-exhange resin
catalysed by high water temperature. The
temperature of the purification filters is kept
below 60 centigrade with a bypass
arrangement that decreases the thermal
efficiency of the process. The duty period of
the ion-exchange resin is only 30 days
increasing the production of solid low active
waste. Further investments to decrease the
temperature of the resin are in the long term
investment plan, but they require costly
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investments, and will be performed
simultaneously with modernization of the
intermediate superheater system.
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Figure 8 New Chemistry Index

Industrial Safety Accident Rate

One interesting indicator among WANO PI
is the that has been high in the Finnish
industry in comparison with other countries.
Several studies have been performed to clarify
the reasons to the difference, but no clear
reasons have been found. The high rate can
be seen also in the WANO PI of both Olkiluoto
and the Finnish PWR units (Fig 9).

Trials to improve the Industrial Safety
Accident Rate have been done in Olkiluoto,
but the indicator value has reflected only small
and temporary changes.
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Figure 9 Industrial Safety Accident Rate

A comparison was made with the fertilizer
plants of Kemira AGRO, having facilities in
several countries in Europe. Figure 9 shows
the impact of their industrial safety
improvement program. The basic idea of the
improvement of the indicator of Kemira AGRO
was that the management, including also the
highest managers, made themselves more
visible among the staff, and continuous safety

interviews performed by all managers and
foremen.

PROBABILISTIC INDICATORS

Living PSA

 Living PSA has been used in safety
related decision making inside the utility since
early 1990's. Living PSA covers today Power
operation and refueling outages including shut-
down and start-up periods. Besides the
internal initiating events, fires, flooding,
seismicity and numerous external weather and
environment related phenomena are analysed
as initiating events.

Living PSA continuously shows the value
aroung 2.10-5/reactor year despite plant
modifications and complementation of the
model. Regularly, model extensions have
revealed new risks, and plant modifications
have made them ineffective.
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Figure 10 Core damage frequency from
different causes of initiating events during
1987-2000, predicted until 2006.

Shut-down PSA

Shut Down Event PSA (SEPSA)
complements level 1 PSA as a part of the
living PSA model. The study was performed
during 1990-1992. The first results showed
that the contribution of the refueling outage on
the annual core damage risk was of the same
order of magnitude as the contribution of the
full power operation. Modifications in
maintenance procedures were adopted, and
the analysis was thoroughly updated and
included in the living PSA during 1995-1996.
(Fig. 11).

Besides the severe nuclear risks the utility
was interested in other risks, too, e.g.
significant extension of outages. They were
evaluated as a by-product of the event tree
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sequences, not severe enough to lead to core
damage.
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Figure 11 The core damage frequency per
refueling outage has decreased drastically

OTHER INDICATOR SYSTEM TRIALS

Several trials have been made in selection
of suitable indicators for safety management,
but they have been died as unusable. One
system was developed in co-operation with the
PWR plant Loviisa, and the Technical
Research Center of Finland, but the plants are
very different, and identical indicators are not
suitable for both. Another system was
developed by the Technical Research Center
of Finland, without other utilities, but it was too
complex to update.

The only indicator system that has
survived one decade is the WANO-PI system.
Two main problems in the own indicator

systems can be detected: 1) TVO has only two
generating units, and there is no reference
group having similar indicators. Follow up of
own development of the indicators is not
tempting enough. 2) all own indicator systems
have been too complex. Too many parameters
having only very little of information have been
included in the system. Thus the updating of
the system has been very laborious, and the
management is not interesting in the results.

BONUS SYSTEM

The utility pays to the employees bonus
based on exceeding goals on several areas,
like electricity generation, environmental
factors according to ISO 14001 goals,
operation costs, and various TVO factors.
Individual WANO indicators have been
selected as a part of the bonus system, too,
but their weight has been so low and the goals
too difficult to reach or manageable by very
small group of personnel only that the impact
has been small.

The last attempt during 2000 is to improve
the comparative generic indicator, because a
bulk of personnel can affect to it through at
least one of the indicators. Until today the
generic indicator seems to stop decreasing,
but the final results are available earliest in
Mach 2001.
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ABSTRACT

Performance indicators can be
categorized in several ways. In most cases
determination of the indicator value is based
on the direct observation of the licensee
performance and the indicator values are
“count-based” with an indirect implication to
risk and safety. This complicates the
interpretation of trends, and direct use of
performance assessment results for regulatory
decision-making.  The HSK experience in the
use of WANO-based indicators, and the need
for development of a system that is more
directly tied to safety and risk of severe
accidents, is presented, including an
assessment of the characteristic of the risk-
based performance monitoring system that
could be more effectively used for regulatory
oversight and inspection activities.

INTRODUCTION

Over the last several years, performance
indicators have been proposed  by the nuclear
power industry (e.g., World Association of
Nuclear Operators [WANO]), and the nuclear
regulatory authorities. These indicators have
been intended, mainly, to provide the trends in
the availability performance and safety, and for
use as tools for management (by nuclear
power plant operating organizations) to
monitor performance and progress, to set
goals for plant improvements, and to gain
additional perspective on plant performance
relative to that of their peers.  In addition,
performance indicators are also being used by
some of the nuclear regulatory authorities
(e.g., U. S. Nuclear Regulatory Commission,

the Finnish Authority, etc.) to evaluate the
performance of various plants in the areas of
safety system reliability, plant and personnel
safety.   Recently, work has also been initiated
under the auspices of the International Atomic
Energy Agency (IAEA) [1] and by others [2,3],
to develop new approaches to nuclear power
plant performance monitoring.

The current approach to performance
monitoring is based on a general expectation
that there is an implicit relationship, between
safety/risk and the selected indicators.
However, experience to date, based on
tracking and analysis of performance trends,
shows that the use of the “count-based”
indicators, in their current form, are of limited
utility for assessing the safe operation of
nuclear power plants.   In addition, the present
approach to performance monitoring cannot
be used to identify early signs of deterioration
in safety performance at nuclear power plants
due to organizational and safety culture
issues, before deteriorating conditions warrant
regulatory actions.

OBSERVATIONS BASED ON THE
CURRENT APPROACH IN SWITZERLAND

The Swiss  nuclear power plants have
been using the WANO indicators,
supplemented by other indicators that are
utilized by the Swiss Federal Nuclear Safety
Inspectorate (HSK), for more than 10 years,
even though the limitations of the WANO
indicators to track safety performance of
nuclear power plants are well known.

Figures 1 through 6 show the ten-year
trend of a selected number of performance
indicators (PIs) for various Swiss nuclear
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power plants.  It is seen that a clear trend in
the safety performance of individual Swiss
nuclear power plants does not appear to
emerge from the analysis of these results, as
the safety relevance of the various tracked
indicators is not unambiguously provided by
the shown PIs, and as such, the tracked
indicators do not show meaningful trends of
plant safety. For instance, the number of
reportable classified events (See Figure 1)
does not show a safety significant trend, other
than a general  indication of the occurrences
of only a few events per year. The definition of
the so-called B events (events of minor
relevance to safety) preclude events of risk
significance and these events are  of  limited
safety relevance (e.g., the indicator value
does not provide any impact of the backfitted
redundant shut-down and decay heat removal
systems, in Mühleberg and Beznau nuclear
power plants, in the early 1990s, which have
been shown by plant-specific PSAs to reduce
the core damage frequency for the respective
plant, by more than an order of magnitude).

Another example is shown in Figure 2. For
the Mühleberg nuclear power plant, where the
indicator applicable to the diesel generators
appears to indicate a higher degree of safety
performance as compared to that as
measured by the availability of the high-
pressure safety injection (HPI) and heat
removal systems (HRS). In reality, the
situation is actually very different since the risk
importance of diesel generators is typically,
much greater than the HPI and the HRS.
Experience shows that the diesel generators
are often problem-prone (i.e., high rate of
failure to start, and to run), and these failures
have been shown to be risk-significant. While
the “count-based” WANO-based indicators do
not reflect this information.

Figure 3 shows that tracking the annual
number of scram as an indicator, by itself, is
not particularly insightful, as the number of
unscheduled shutdowns have reduced over
the years to a low level; therefore, making it
difficult to associate any trends to safety and
plant performance. Nevertheless, the number
of unscheduled reactor trips, as a triggering
initiating event for plant transients is still of
interest.

Several of the existing WANO indicators
are intended to provide an indication of the
organizational culture and the effectiveness of
quality control, as well as the means for
tracking the various layers of engineered
protection and defense-in-depth.   These
include the extent of fuel damage (Figure 4),
the individual (Figure 5) and collective (Figure
6) radiation exposure.

Fuel integrity during normal plant
operation is an excellent indicator of the
attention to quality control, by fuel vendors and
utilities, with respect to design, manufacturing
and operation. The observed trend towards
higher burn-up, optimized with respect to
thermal-hydraulic use of the fuel, especially for
BWRs leading to a much reduced fuel
cladding thickness and fuel rod diameter, may
result in a reduction of the historically excellent
fuel performance, observed over the last few
years. For instance, Figure 4 shows the trends
of the relevant PI for the Mühleberg (KKM) and
Leibstadt (KKL) nuclear power plants.
Mühleberg uses a more conservative
operational philosophy, thereby, it has only
recently decided to introduce the 10x10 fuel
elements, whereas, Leibstadt has been more
aggressive in moving towards the adaptation
of the 10x10 fuel design (i.e., it has already
been operating with 10x10 fuel for several
years).  Experience with the latest operating
cycle at Leibstadt has shown that for 10x10
fuel elements, even very small debris can
become problematic, potentially resulting in
fretting failure of the fuel rods. This example
shows, that an optimization based on thermal-
hydraulic performance alone, in this case, the
fuel element, can result in recurrence of
potential performance problems, which were
believed solved many years ago.

Figures 5 and 6 show the trends in the
individual and collective radiation exposure,
respectively, for all the Swiss nuclear power
plants.   The improvements in the trends of
these indicators are indicative of the
effectiveness of improvements in the
implementation of radiation protection
measures by various power plants (e.g.,
temporary placement of about 50 to 80 tones
of lead shielding during plant outages,
effective worker training in radiation protection
measures, etc.). These indicators are useful
as an additional gauge of the attention by
utilities, to quality and effective organizational
control, thereby, the overall organizational
safety culture.

The current PI system has not been found
to provide the expected insights that could
compliment the normal inspection activities,
since, the relationship between the current PIs
to actual safety, as measured by risk of severe
accidents, is only implied (and in fact,
sometimes this relationship can be easily
obscured by the current PIs).   On the other
hand, risk-based inspections of power plants
have been of greater benefit to regulatory
activities.

Therefore, it is desirable to look into an
alternative PI system that would provide a
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consistent and effective means of assessing
the safety performance of Swiss nuclear
power plants.  Preferably, the new system
should consider changes in the selection,
reporting, and utilization of PIs, that are:

(1) More directly tied to plant safety
performance as measured by
quantitative risk measures, including the
impact of human and organizational
factor issues that could signal early
degradation in safety performance
before they actual occur.

(2) Less susceptible to ambiguities that
could result from the present “count-
based” system.

(3) A more direct input to risk-informed
regulatory decision-making process, and
are complementary to other regulatory
implementation processes such as the
regulatory inspection programs.

(4) Closely tied to utility and regulatory
action plans, when pre-defined
thresholds are reached and/or
exceeded.

OUTLOOK

A new approach to selection, reporting
and analysis of performance of Swiss nuclear
power plants, should help:

(a) Focus regulatory inspection activities;
(b) Reduce regulatory burdens;
(c) Enhance all the interactions between HSK

and utilities;
(d) Enhance communication to general public

and the government.

Any changes to the current system should
be aimed at enhancing the HSK’s regulatory
effectiveness, while reducing the overall
burdens on the utilities, especially, in light of a
an emerging competitive and deregulated
electric utility market. The necessarily
elements of a risk-based PI system should be
such that they:

• Focus attention on the most important risk-
significant safety related activities during
normal operation as well as plant outages;

• Establish objective criteria for evaluating
safety performance of utility organizations;

• Provide a feed back mechanism for
evaluation of direct and indirect influences
of regulatory actions on maintaining and
improving safety of nuclear power plants;

• Identify corporate/utility cultural problems
affecting safety;

• Improve the authority's effectiveness; and

• Improve communication with utilities,
general public and governments.

This type of an indicator system could
serve as a tool, for the regulatory body, to
direct inspections and safety review activities.
Properly chosen and defined indicators can
also provide an objective way for the
regulators to assess nuclear safety and to
evaluate regulatory priorities. Trends in safety
performance or safety culture indicators can
make possible an early detection in the
potential degradation in safety performance.

A possible downside of using performance
indicators that are more focused on gauging
safety is that, the utilities may unduly
concentrate their attention on just performance
indicator values at the expense of real safety.
To avoid this, indicators should never become
the sole basis to assess safety performance.
The future PI system:

• Should be sufficiently broad to cover all
aspects of safety performance;

• Should have a direct relationship to safety
preferable through quantitative risk
measures, including the impact of human
and organizational factors;

• Should not require extensive new data and
should be easily and unambiguously
measured and/or calculated;

• Should not be susceptible to numerical
manipulation;

• Needs to be accompanied by adequate
guidance for data collection, reporting,
analysis and validation; and

• Should be tied to “thresholds” for
regulatory and corrective actions.

In additions, these PIs should be
complimentary to the current defense-in-depth
basis for reactor design and operation. To
date, most of the PIs are focused on the
normal full-power operation, but they are not
adequate for abnormal/accident conditions
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and/or low power, refueling and shutdown
conditions.

Work is planned at HSK to initiate a
program to define PIs that address the
aforementioned attributes. It is planned to
have the essential elements of a new
performance monitoring system, in the near
future.

Another project, which is currently under
development and is expected to be
complimentary to the overall performance
monitory program, is the HSK’s "Standard
Inspection Program". This program plans a
more systematic inspection program for all
Swiss NPPs. Other elements this program
include:

• Plans for a systematic inspection of all
safety and safety-relevant systems (a risk-
informed input is urgent to define the
relevant systems and the details of the
inspection);

• More detailed guidance on the
performance of plant-specific regulatory
inspection (already in use at HSK);

• Definition of the different type of
inspections (e.g., specific issue-oriented
inspections, software and human and
organizational factor oriented inspections,
team and/or individual inspections, etc.);
and

• Analysis of trends in results of plant-
specific inspections, including evaluations
guided by the HSK MOSAIK system (to be
discussed later).

Based on the evaluation of the trends in
PIs, issue-specific inspections are foreseen.
The intention is that at the beginning of each
year, a complete inspection program (including
both announced and unannounced
inspections) is outlined, approved by the HSK
Director and forwarded to the utilities for
information. It is clear, that additional
inspection can be made, if there is a need or if
an abnormal event were to occur.

The Mensch, Organisation,
Sicherheitskultur, Anlagen-Inspektions-
Katalog1 (MOSAIK), is the third program,
which has already been completed, and is
currently being implemented. The objective of
MOSAIK is to provide HSK with an effective
                                                
1 Process catalog for inspections related to
man, organization and safety culture issues.

regulatory reporting tool in order to enable
early detection of possible  signs of
deteriorating human safety performance. To
optimize the resource management of the
HSK Section for Human and Organizational
Factors (MOS), MOSAIK is developed to be
utilized during plant walk-throughs, meetings
and component examinations in connection
with engineering or radiation protection
matters.  Furthermore, this program is
intended to reinforce the objective that during
an inspection, inspectors should not only focus
on technical details, but also concentrate on
the adequacy of the details of operational,
maintenance, and testing process at the plant
(e.g., evaluation of the adequacy of specific
testing programs such as planning, use of
testing procedures, test setup, documentation,
tag-out procedures, etc.).  Table 1 lists the
questions that are included as part of the
MOSAIK process catalog, that address (a)
work preparation, (b) work execution, and (c)
housekeeping concerns.

The objective is to identify problems with
repeated root-causes in a plant, as a way to
detect signs of degradation or deficiency in
safety culture.

The MOS section at HSK is responsible
for evaluations of all of the collected
information, in order to identify trends, and to
bring to utilities attention, potential areas with
trends toward poor performance.

As mentioned, the MOSAIK program has
recently been put into practice, and some
preliminary insights and results are expected
to emerge by early 2001.

CONCLUSION

The difficulties in developing and
implementing a risk-based performance
monitoring system are not only in the
development of a defensible and readily
implementable process, but also, its proper
use and applications within a risk-informed
regulatory framework.  Nevertheless, as the
move to a streamlined risk-informed regulatory
decision-making is essential in light of the
greater knowledge that is gained from plant-
specific probabilistic safety assessments
(PSAs), it is inevitable that future regulatory
and inspection activities can be made more
effective through a system that focuses on
safety-relevant issues.  In addition, a focused
performance monitoring system can help the
communication process between utilities and
regulatory authorities, following a more
structured and technically sound basis.
Furthermore, this would also benefit the
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overall risk and safety communication process
with the general public, the press, and the
governmental bodies.

A performance indicator system is a tool to
direct regulatory inspections and safety review
activities. Properly chosen and defined
indicators can provide an objective way for the
regulator to assess nuclear safety and to
evaluate its priorities. Trends in safety
performance and safety culture indicators can
make possible an early detection of
degradation in safety culture and
organizational management with impact on
plant performance.

On the other hand, it is very fundamental
that every organization critically gauges its
own performance. This is particularly true
when dealing with an industry that is strictly
regulated, especially, in light of an emerging
free and competitive electricity market.
Therefore, regulatory authorities need to be
able to assess their effectiveness in devising
and implementing rules and regulations, and
to inspect the safety and operational practices
effectively and efficiently in the regulated
industry. This requires a method for assessing
the performance history and potential future
implications of the regulatory organizations to
determine the overall regulatory effectiveness.

REFERENCES

1. “Operational safety performance indicators
for nuclear power plants”, IAEA-TECDOC-
1141 (May 2000).

2. R. T. Sewell, M. Khatib-Rahbar, and H.
Erikson, “Research Project –
Implementation of a Risk-Based
Performance Monitoring System for
Nuclear Power Plants: Phase II – Type-D
Indicators,” Swedish Nuclear Power
Inspectorate, SKI Report 99:19 (February
1999).

3. E. Lehtinen, "A concept of safety indicator
system for nuclear power plants", VTT
research notes 1646, 1995.



62

Table 1 List of questions included as part of the MOSAIK process catalog

PLANT

SECTION/S

INSPECTION DATE

INSPECTORS

INSPECTION SUBJECT

NPP AT SHUTDOWN (please cross)

NPP AT POWER

Work procedures clearly stated?
yes no
1 2 Safety tagout planned following procedures? 3 4 A

Protection procedures established? B
Written step lists available? C
Plan design/sketches available? D
Responsibility in step lists clear? E
Work supervisions foreseen? F

Work documents complete?
yes no
1 2 Do docs correspond to plant status? 3 4 A

Is accuracy of procedures recognizable? B
Hand entries w/date and sign. of approval? C
Work documents followed up? D
Parameters identified with proper units? E
System/Room identific. numbers clear? F
Step lists  sufficiently detailed? G
Work docs ergonomic? H

Interfaces known?
yes no
1 2 Phases-/Net plans available? 3 4 A

Maintenance coordinated with other dept.? B
Target oriented cooperation in trouble sit.? C

Is work place properly equipped?
yes no
1 2 Materials/components ready? 3 4 A

Tools/resources ready? B
Tools/resources proper for work? C
Radiation protection measures adequate? D

Training adequate?
yes no
1 2 Are tasks familiar to workers? 3 4 A

Work steps exercised in advance? B
Techniques tried on model/mockup? C

NotesWORK PREPARATION
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Procedures available at the location?
yes no
1 2 All necessary docs/procedures available? 3 4 A

Referenced procedures available or known? B

Compliance with procedures?
yes no
1 2 Work/Instruction orders given from MCR? 3 4 A

Safety tagout performed following process? B
Security tags available at plant? C
Security tags available in MCR? D
Depressurization of the secured systems tested? E
Communication to contr. room maintained? F

Work controls following rules?
yes no
1 2 Controls performed according to process? 3 4 A

Do supervisors control workers? B

Supervisor leads workers?
yes no
1 2 Does supervisor give support in case of

problems?
3 4 A

Is supervisor present in area? B

Deviations from schedule with reason?
yes no
1 2 Influence of deviat. on other activities clear? 3 4 A

Conformation to schedule/plans? B
Quality maintained despite schedule pressure? C

Work/shift transitions properly executed?
yes no
1 2 Is shift transition systematic? 3 4 A

Do appropriate written rules exist? B
Do protocols of work transition exist? C
State of work kept in writing? D

Notes

WORK PERFORMANCE

WORK PERFORMANCE
Continuation on next page
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Figure 1 Notifiable, classified events for Swiss nuclear power plants
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ABSTRACT

Following the tend to try to find indicators
to show the excellence in the performance
where Nuclear Power Plants are currently
involved, Cofrentes NPP are managing several
indicators related with risk.

The concept of risk is classically
associated with the product

   RISK = PROBABILITY * DAMAGE
So what a risk based indicator will show is

the probability of having a “damage”. Speaking
about a period of time, we will have
frequencies of having “damages”.

What is call “damage” can be differently
interpreted depending of what we concern. In
western NPP is very extended the concept of
“core damage”, meaning the loss of fuel
integrity, as a final state to avoid. This have
carried in most of western NPP to develope a
Probabilistic Risk Assessment (PRA/PSA),
that using technical based in fault trees and
event trees models, looks for the frequency to
reach core damage. The PSA in Cofrentes
NPP has been deeply applied to find
weakness in the design and procedures,
prioritizations in maintenance activities, quality
assurance requirements, justifications to
continued operation, and others. A Risk
Monitor based in PSA models (and so
monitoring the Core Damage Frequency) has
been developed and is currently installed in
the Control Room to help operators to control
the risk associated with each configuration of
availability or unavailability of equipments. This
PSA Monitor is the source for some indicators
that Cofrentes NPP has defined and are
sharing with IAEA trying to find an standard.
Maximum Core Damage Frequency reached
and  accumulated annual probability is

calculated and compared with expected values
and with predefined limits.

As the PSA in Cofrentes NPP is only for at
power Operations, there has been developed
a methodology based on NUMARC 91-06 to
measure and control the risk during
shutdowns. The “damage” here is a concept
related with the safety functions. Some
coefficients are applied to each configuration
according with how the safety functions are
fulfilled (dephense-in-deep). Each outage is
scheduled taking in care these indicators, and
then a real following of the tasks shows the
evolution of these index along the outage. It is
notorious how this method has improved the
safety during the outages in the last years.

Finally, another risk that is being measured
in Cofrentes NPP is related with the loss of
production, translated into money. Several
elements are joined into this risk analysis:
generation and prize, availability, regulation
and environment. Each one of this elements is
quantified through applicable factors, for
example to quantify prize is taken into account
cost of fuel, residues, salaries, operation and
maintenance costs, prize of the generated
kWh. The risk of having a core damage is also
translated into money and taken into account
in this analysis. Each factor is measured
according with historical data when available
or industry experience.

As a result Cofrentes NPP is creating a
global methodology to learn the most
important contributors in each aspect, looking
for a way to improve the general performance
of the plant.

mailto:joaquin.suarez@iberdrola.es
mailto:ignacio.hermana@iberdrola.es
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RISK INDICATORS AT COFRENTES NPP

Cofrentes NPP manages several risk
indicators, both at power and during
shutdowns. These indicators began to be an
initiative of the plant previous to any regulatory
or industry requirement, but nowadays they
are used to fulfill some regulator´s
requirements, especially from 10CFR50.65,
Maintenance Rule, which is a risk informed,
performance based regulation.

In the countries where it applies,
Maintenance Rule forces to fix a lot of risk
based indicators to show the performance of
structures, systems and components against
maintenance effectiveness.

As a kind of final integration of all the
previous indicators, the Core Damage
Frequency is monitored inside a Risk Monitor
available in the Control Room and in the
Schedulers office with real data of
unavailability of systems, trains and
components.

For shutdowns, Cofrentes NPP has
developed a program based on NUMARC 91-
06 that monitorize the performance of each
system inside each one of the safety functions,
according also with the Technical
Specifications requirements. All these
indicators are also integrated in an index
called “shutdown severity index”.

Currently is under development a program
to monitorize the performance of the important
systems not for safety but for electricity
production. It is expected that this project will
improve the production and so the initiating
events frequencies; this way the safety will
also be improved.

The Maintenance Rule

Maintenance Rules applies in Spain since
April 1999. Its requirements can be resumed
in:

- The effectiveness of Maintenance
activities must be monitorized to
assure that the Structures, Systems or
Components  (SSCs) would perform
its safety functions.

- Before performing maintenance
activities (including but not limited to
surveillance, post-maintenance tests,
and corrective and preventive
maintenance), the licensee shall
assess and manage the increase in
risk that may result from the proposed
maintenance activities.

- All the process must be documented
each operating cycle.

- It must be balance the improvement in
reliability by performing maintenance
with the objective of minimizing
unavailability.

- The scope of the program must
include all the safety related SSC, and
those not safety related used in the
Emergency Operation Procedures
(EOP) or in the accident analyses of
the Final Safety Analysis Report
(FSAR) or in the Probabilistic Safety
Analysis (PSA). Finally, all the SSC
that has caused or may cause a scram
or a safety related system actuation
must be also inside the scope.

The NUMARC 93-01 describes a valid
methodology to fulfill with the requirements of
10CFR50.65. This methodology has been
revised and complemented in Spain in a
Verification and Validation process developed
between the CSN and Cofrentes NPP during
the years 1996, 97 and 98.

In practice, all safety and non-safety
related SSC that performs any relevant
function in relation with safety must be inside
the scope of the Rule. The performance of
these SSC must be assured through the
definition of indicators and its comparation with
previously defined criteria.

The most common index used to
monitorize the performance are the
unavailability and the number of functional
failures (FF).

The PSA becomes a key tool to define the
scope, the risk significance, the criteria and the
pursuit of the Rule, because is the only
analysis that joins qualitative and quantitative
aspects. In the PSA has already performed an
analysis of failures and unavailabilities of the
different systems of the plant, so it is very
useful in order to know a “normal” performance
of a system.

Maintenance Rule relation with safety
indicators

Due to the concern expressed in
10CFR50.65 about that “goals shall be
established commensurate with safety”, and,
“take into account industry-wide operating
experience”, the Maintenance Rule criteria
must agree with:

- the risk significance of the function of
the system,

- the historic performance,
- the strategic of the plant,
- the assumptions of the PSA.
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Cofrentes NPP Maint. Rule indicators

A total of 124 systems of Cofrentes NPP
are inside the scope of the Maintenance Rule,
monitorizing 384 functions. 129 of these
functions are considered as Risk Significant,
(see NUMARC 93-01) and another 54 are
considered non-risk significant. All of these
183 functions are monitored at a system-
function level, so there are available indicators
that describes the performance of the system
in the fulfillment of each function. The most
usual of these indicators are the number of
functional failures (Fig. 1) and the number of
hours unavailable (Fig. 2), but in some special
cases they are used other indicators as the
leakages from isolation valves.

The others 201 functions are non risk-
significant and are normally in operation, and
so its performance is controlled through plant
level indicators, like unplanned capability loos
factor (Fig. 3), number of scram, or number of
licensee event reports. For these 201
functions, anyway, it is controlled the individual
contribution to the total plant indicator (Fig. 4).

Normally, these indicators are monitorized
in a “rolling window”, this means that is
controlled the performance in the last, for
example, 18 months. Each month attached
means that one month’s data, 18 ago, is
eliminated. With this method it is possible to
control not only the performance against the
criteria but also the tend of the indicator, in
order to take compensatory measures before
the criteria is overcomed (Fig. 3, 4, 7).

Cofrentes NPP Risk Monitor

The Risk Monitor of Cofrentes (Fig. 5) is
an application that in function of the
unavailability of systems, trains and
components gives a measure of the Plant
safety level based in calculating the Core
Damage Frequency (CDF).

It is based in the At Power, Level 1 PSA. It
has the same level of detail, and the same
truncation level, than the original PSA.

It is installed in the network of the plant. All
the Operation Shift has the possibility of write
data, and a few set of personnel (Operation
Manager, Operation Technical Staff,
Maintenance Technical Staff) has the
possibility of read data and use it in a
simulation mode.

PSA staff supervise the running of the Risk
Monitor and also use it in several PSA
applications.

Normally the Risk Monitor automatically
loads data from the Electronic Log. This is a

database developed by Cofrentes’s Operators
where they load all the data related with the
day by day of the plant: unavailabilities of
systems, tests performed, system alignments,
etc. Loading data this way Operators has a
current view of the risk of the plant without
burden them with more work.

Linking Maintenance Rule (MR) with the
Risk Monitor

The first necessity covered by the Risk
Monitor is that refereed to know the global
impact over the safety of performing a
maintenance task (MR [a][4] paragraph).

A new revision of the NUMARC 93-01
dated on February 2000, and that will become
effective on 28 November 2000 in the USA,
accept risk monitors as a reasonable way to
fulfill this requirement.

Cofrentes NPP controls the Core Damage
Frequency reached by each maintenance task
executed (Fig. 6). This control sometimes has
served to avoid risky situations, and a lot of
times has served to know the most significant
contributor to the risk.

The other main use of the Risk Monitor is
to assure the long-time well performance of
the systems and components:

The Maintenance Rule criteria must be
fixed, in order to be easily managed, related to
a short period (1-3 cycles) and so have an
answer to the required cyclical report.

The criteria are also defined with the
necessary margin over the historical
performance of the system, in order to avoid
falses alarms because of random failures.

Spanish’s regulator was very concern
about a possible degradation of the system
that were not detected by this cycle by cycle
monitoring. So they asked about the possibility
of having some indicators related to a longer
period.

There were also a concern about the
global effect in the plant safety of having such
a margins over the systems performance. May
be that if a given system reach, but not
overcomes, its criteria, the plant safety will not
be affected, but could it be affected if a lot of
systems reach theirs criteria limits?.

Statistical data needs bigger amount of
data to be significant. Translated inside our
problem, this means that we need longer
periods to obtain real answers to see potential
degradation of safety. This is consistent with
the data analysis of PSA, that takes into
account big periods of time, making sets of
similar components to increase the
experience.
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But this must be mixed with the fact that it
is necessary to assure the performance of the
system in the fulfillment of a function. So it is
not possible to avoid of the control of a few set
of components, not similars at all, but that
combines to perform a function.

The solution given by Cofrentes NPP was:
– The annual Core Damage Probability

Increase will be monitorized. Here all
the effects of failures and
unavailabilities will be combined to see
the global impact over the plant safety.

– Cycle by cycle, the real data will be
introduced inside the PSA, changing
the event´s probabilities where
necessary, and so showing the impact
over the Core Damage Frequency.

For these solution, a key feature is the
PSA updating period. A working group mixing
CSN and utilities expert has been  formed to
define how and when PSA must be updated.

On-Line Maintenance

Cofrentes NPP has a program to perform
At Power preventive maintenance in systems
that its unavailability imply an entry of a
Limited Condition of Operation (LCO) of the
Technical Specifications.

The objective of this program is to improve
the reliability of systems without increasing the
risk due to the unavailability increase,
improving at the same time the safety during
shutdowns.

The first step is a feasibility study
performed with the PSA to show which
system’s unavailabilities has a very low or null
impact in the risk (Core Damage Frequency
and Core Damage Probability). Only the
systems that have a few impact in the Core
Damage Frequency will go inside the program.
Additionally, several administrative controls are
performed (not simultaneous unavailabilities, a
change in the operation mode is not expected,
etc.).

Anyway this program has given that the at
power unavailability of some systems have
increased comparing with their historic
performance. This has carried that the
Maintenance Rule unavailability criteria is
greater for these systems (Fig. 7).

In order to avoid that the risk would be
significantly increased due to these tasks, a
set of controls are defined:
– Each six months, a preliminar On-Line

program is defined for the following six
months, analizing the Core Damage
Probability (CDP) increase planned.

– This program is compared with the
current CDP increase  due to real

maintenance data of the last year (Fig.
8).

– Just before performing a task, the
expected increase in CDP is again
compared with the accumulated CDP
due o real data of the last year.

The experience is that the inclusion of this
program has not increased the Core Damage
Frequency.

Shutdown Risk Control

Because in Cofrentes NPP it has not been
developed a Shutdown PSA, the safety control
during shutdowns is performed based in
qualitative criteria foolowing the NUMARC 91-
06 recommendations.

An specific Plant Procedure to control this
has been performed. The outages are
scheduled according with the results of this
analysis, and during the outage a real-time
following of the tasks shows how the reality is
adapted to the scheduled.

Each one of the safety functions during
shutdowns (Reactivity Control, Residual Heat
Removal, Inventory Control, Spent Fuel Pool
Cooling, Power Supply, and Containment
Control) are monitored through the control of
the unavailability of the systems capable of
fulfill the specific function.

It is defined a quantitative measure of the
safety through taking in care by expert judge:

- the Technical Specification requirements,
- the hours the plant is in a configuration,
- the capacity of a given system to fulfill a

function.
All of these are combined inside a

indicator called “Severity Index”, which is
monitorized both during the scheduled and
during the day by day of the outage (Fig. 9).

Since the implementation of the
procedure, a significant improve of the safety
during outages has been achieved (Fig. 10).

Unavailability Risk Management

Currently a new project is under
development to improve the capability factor of
the Plant. It is called GERDIS, spanish
acronym for Unavailability Risk Management.

Using PSA technique of system’s
modelling and failures probability estimation, it
will try to avoid risky situations that could carry
to loos of production by causing a trip, a
manual shutdown, power reductions, etc.

As a result of this work it is expected a
better control of the unavailability risk due to
the valuable additional information for the
operators in their daily decision-making
process.
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Conclusions

Cofrentes NPP has developed a big
amount of risk indicators due to the
implementation of Maintenance Rule.

The plant is monitoring Core Damage
Frequency through a Risk Monitor that
automatically loads data of unavailabilities of
systems and components.

It has been implemented a Safety during
Shutdown Procedure that has achieved
sitgnificant improvements in the safety during
outages.

Is under development a new project that
would increase plant capacity and reduce
initiating event frequencies, improving this way
the safety.
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Fig.2: Unavailabilities of systems and limits accepted (Maintenance Rule)

Fig.1: Functional Failures of systems and limits fixed (Maintenance Rule)
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Fig.4: Systems contribution to Global Loss of Capability

Fig.3: Global Loss of Capability
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Fig.6: Core Damage Frequency of Cofrentes NPP since January 1999

Fig.5: Cofrentes NPP Risk Monitor (Operators screen)
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Fig.8: Core Damage Probability yearly rolling window

Fig.7: Unavailability rolling window for a system under the On-Line Maintenance
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Fig.9: Severity Index during outages: Scheduled and real

Fig.10: Severity Index during several outages
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ABSTRACT

Since December 1995 the IAEA activities on safety
performance indicators focused on the elaboration of a
framework for the establishment of an operational
safety performance indicator programme. The
development of this framework began with the
consideration of the concept of NPP operational safety
performance and the identification of operational safety
attributes. For each operational safety attribute, overall
indicators, envisioned as providing an overall
evaluation of relevant aspects of safety performance,
were established. Associated with each overall
indicator is a level of strategic indicators intended to
provide a bridge from overall to specific indicators.
Finally each strategic indicator was supported by a set
of specific indicators, which represent quantifiable
measures of performance. The programme
development was enhanced by pilot plant studies,
conducted over a 15 month period from January 1998
to March 1999. The result of all this work is compiled in
the IAEA-TECDOC-1141, to be published shortly. This
paper presents a summary of this IAEA TECDOC. It
describes the operational safety performance indicator
framework proposed and discusses the results of and
lessons learned from the pilot studies.

1. INTRODUCTION

The safe operation of all nuclear power plants is a
common goal for all involved in the nuclear industry.
However, as a concept, safety is not easy to define.
Even more difficult is the establishment of a clear
definition of an adequate level of safety. Nonetheless,
there is a general understanding of what attributes a
nuclear plant should have in order to operate safely.
The challenge lies in measuring the attributes.

This paper presents the work done during the IAEA
project on ‘‘operational safety performance indicators’’.
This project focused on the development of a
framework for identification of performance indicators
which have a relationship to the desired safety
attributes, and therefore to safe plant operation. The
actual indicators are not intended to be direct
measures of safety, although safety performance can
be inferred from the results achieved

2. FRAMEWORK FOR THE ESTABLISHMENT OF
PLANT SPECIFIC OPERATIONAL SAFETY
PERFORMANCE INDICATORS

The development of the IAEA framework began
with the consideration of the concept of nuclear power
plant safety performance. To ensure a reasonably
complete set of operational safety indicators, a decision
was made to work down a ‘‘structure’’ in which the top
level would be operational safety performance and the
next level would be operational safety attributes, from
which a set of operational safety performance
indicators could be developed.

Three key attributes were chosen that are
associated with plants that operate safely:

Plants operate smoothly.
Plants operate with low risk.
Plants operate with a positive safety attitude.
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Using the above attributes as a starting point for
indicator development, a set of operational safety
performance indicators were identified. Below each
attribute, overall indicators were established.
Associated with each overall indicator was a level of
strategic indicators. Finally, each strategic indicator
was supported by a set of specific indicators, most of
which are already in use in the industry. Figure 1
presents the proposed framework.

The overall or key indicators were envisioned as
providing an overall evaluation of relevant aspects of
safety performance. Strategic indicators were intended
to provide a bridge from overall to specific indicators.
Specific indicators represented quantifiable measures
of performance. Specific indicators were chosen for
their ability to identify declining performance trends or
problem areas quickly so that after proper investigation,
management could take corrective actions to prevent
further performance degradation.

The following sections describe, for each safety
attribute, the related overall and strategic indicators,
and provide some examples of specific indicators. The
IAEA-TECDOC-1141 on ‘‘Operational safety
performance indicators for nuclear power plants’’
provides additional examples of specific indicators
associated to each proposed strategic indicator.

2.1. PLANT OPERATES SMOOTHLY

The overall indicators chosen to represent the
degree of smoothness with which the plant operates
are ‘operating performance’, ‘state of SSC (structures,
systems and components)’, and ‘events’.

2.1.1. Overall Indicator: Operating Performance

The first means of preventing accidents is to strive
for high quality plant operation with infrequent
deviations from the normal operational state.

Strategic Indicator: forced power reductions and
outages

This measure addresses forced power reductions
of some predefined percentage or more and forced
outages. The minimum power reduction that is
reasonable to measure should be considered
specifically by each plant.

Example of specific indicator: number of forced
power reductions and outages due to internal causes.

Example of specific indicator: unplanned capability
loss factor (WANO performance indicator).

FIGURE 1. Operational safety performance indicator framework.
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2.1.2. Overall Indicator: State of Structures,
Systems and Components (SSC)

Measures of the status of the SSC reflect the
contribution of the maintenance programmes to the
plant safety performance through the reliability of plant
components, systems and structures. In addition, a
good control of the chemistry in the plant will help to
ensure that the life of safety related equipment will be
as long as expected by the equipment design.

Strategic Indicator: corrective work orders issued

Usually a corrective work order is issued for all
troubleshooting, corrective maintenance and minor
modifications. A large amount of corrective
maintenance may reflect potential reliability problems,
but, also, maintenance deficiencies.

Example of specific indicator: number of corrective
work orders issued for risk important BOP systems.

Example of specific indicator: Number of pending
work orders for more than 3 months.

Strategic Indicator: material condition

A good control of the plant chemistry and the
ageing will help to ensure equipment life according to
the design.

Example of specific indicator: Chemistry Index
(WANO performance indicator).

Example of specific indicator: ageing related
indicators (condition indicators).

Strategic Indicator: state of the barriers

Defence in depth is one of the basic principles of
nuclear power plant safety. In order to avoid
contamination of the environment and radioactive
doses to the public, the source of the risk needs to be
isolated by concentrically located barriers: cladding,
primary coolant boundary and containment. Therefore,
it is very important to establish indicators that help to
monitor the state of these barriers.

Example of specific indicator: fuel reliability
(WANO).

Example of specific indicator: containment leakage.

2.1.3. Overall Indicator: Events

Every event is an indicator of some plant
deficiency. There are different types of events with
causes of various nature and different level of safety

impact. The safety significance of an event can be
minimal (e.g. the failure of a single fuse, leading to no
consequence) or significant, as e.g. the failure of an
entire safety system.

Strategic Indicator: reportable events

The intent of this strategic indicator is to monitor
those events that are considered to have higher safety
significance, namely those of interest to other
organizations, such as the regulatory body or other
nuclear operators through WANO, events in IAEA-
INES scale of level 1 or higher, etc.

Example of specific indicator: significant reportable
events.

Example of specific indicator: licensee event
reports.

Strategic Indicator: significant incidents

The intent of this strategic indicator is to account
for those events that, even though they are not
necessarily reportable (externally), are still significant
according to plant specific selected criteria.

Example of specific indicator: significant incidents
due to hardware/design related causes.

Example of specific indicator: significant incidents
due to human related causes.

2.2. PLANT OPERATES WITH LOW RISK

This safety attribute considers the overall risk of
the plant and can be monitored using the traditional
deterministic approach and the probabilistic approach.
It should be noted that the probabilistic and
deterministic approaches are not mutually exclusive,
but rather, complementary. In this paper, only the
deterministic approach is discussed. The IAEA-
TECDOC-1141 on ‘‘Operational safety performance
indicators for nuclear power plants’’ provides
information on indicators based on PSA (probabilistic
safety assessment).

The safety attribute ‘plant operates with low risk’
can be monitored by three overall indicators, the
number of ‘challenges to safety system’, the ‘plant
ability to respond to such challenges’ and the ‘risk
associated to the plant configuration’.

2.2.1. Overall Indicator: Challenges to Safety
Systems

This overall indicator is directly related to plant
safety. A low number of challenges translates into a
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lower possibility of having nuclear transients and/or
accidents due to a reduced number of accident
initiators.

Strategic Indicator: actual challenges

Example of specific indicator: unplanned automatic
scrams per 7000 hours critical (WANO performance
indicator).

Example of specific indicator: number of demands
on RPS/ECCS/RHR/Emergency Power Supply
systems.

Strategic Indicator: potential challenges

Looking at the actual challenges to safety systems
may not provide a very useful measure, since, in
general, the number of challenges to safety systems is
very small. More and more plants look at low level
events in order to get an early warning of future
challenges.

Example of specific indicator: number of
RPS/ESFAS failures.

Example of specific indicator: number of incipient
or partial failures in safety significant BOP systems.

2.2.2. Overall Indicator: Plant Ability to Respond to
a Challenge

When a challenge to the plant occurs, the plant
should respond in such a way as to prevent any
damage to the reactor core, and in the event that some
damage occurs, the plant should mitigate the
consequences to prevent radioactive releases to the
environment. Furthermore, in the event that some
radioactive releases to the environment occurs, it is
necessary to protect public health and safety.

Strategic Indicator: safety system performance

Safety system performance is of obvious
importance to plant safety. Safety system
unavailabilities can arise from different sources such as
equipment failures, performance of maintenance and
surveillance tests, and it can also be due to human
errors during the performance of tests or maintenance
activities.

Example of specific indicator: number of times a
safety system is unavailable.

Example of specific indicator: safety system
performance (WANO performance indicator).

Strategic Indicator: operator preparedness

The operator actions during the course of an
abnormal event can be such that they can exacerbate
the progression of an accident. Therefore, indicators
that monitor this domain can potentially detect areas of
deficiency before they become a problem.

Example of specific indicator: errors due to
deficiencies in training.

Example of specific indicator: operator errors
during accident scenarios in the simulator.

Strategic Indicator: emergency preparedness

Emergency management is the last barrier to
protect the public if an external radioactive release
cannot be avoided. Therefore, the level of
preparedness of the plant in order to cope with an
emergency also provides a measure of the plant ability
to respond to the challenges.

Example of specific indicator: findings during
emergency drills.

Example of specific indicator: number of staff
receiving training on the emergency plan.

2.2.3. Overall Indicator: Plant Configuration Risk

Different plant configurations happen due to
planned and unplanned maintenance activities,
operational requirements and occurrence of
operational events. It is well known that the risk
associated to some plant configurations can be very
high. Therefore, it is important to establish the means
to monitor this parameter.

Strategic Indicator: risk during operation

The most appropriate way to monitor the risk
during operation at power is the implementation and
use of a PSA based risk monitoring system. However,
such a tool is still not available in many nuclear power
plants. Even if a PSA or a risk monitor are not available
and because of the safety significance of this
parameter, it is necessary to find deterministic or
engineering based indicators to monitor the risk of the
plant during operation at power.

Example of specific indicator: number of technical
specification violations.

Example of specific indicator: number of LCO
(limiting conditions for operation) entries.

Strategic Indicator: risk during shutdown

During shutdown the large amount of maintenance
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tasks performed and the combinations of system
unavailabilities may lead to high risk configurations.

Example of specific indicator: Risk index during
shutdown.

2.3. PLANT OPERATES WITH A POSITIVE SAFETY
ATTITUDE

The overall indicators chosen to monitor the
attitude of the plant staff towards safety are ‘attitude
towards safety’ and ‘striving for improvement’.

2.3.1. Overall Indicator: Attitude towards Safety

This overall indicator covers implementation and
attitudes toward managerial programmes necessary to
operate the plant in a safe manner, respecting
administrative limits, with low impact on the health and
safety of the plant workers.

Strategic Indicator: compliance with procedures,
rules and licensing requirements

The purpose of the indicator is to assess how well
personnel maintain the plant within licensing
requirements and comply with other procedures and
rules.

Example of specific indicator: number of violations
of the licensing requirements.

Example of specific indicator: technical
specification exemptions.

Strategic Indicator: attitude towards procedures,
policies and rules

This is an indication of the attitude of the personnel
as a consequence of administrative control policies,
level of safety culture, and/or adequacy of training.

Example of specific indicator: ratio of downtime to
allowed outage time (AOT).

Example of specific indicator: number of findings in
configuration management.

Strategic Indicator: radiation protection
programme effectiveness

These measures are directed towards control of
the sources of radiation, to the provision and continued
effectiveness of protective barriers and personal
protective equipment, and to the provision of
administrative means for controlling exposures of the
personnel and contamination of materials and areas in
the plant. fdasjdkdkt

 in the plant.

Example of specific indicator: Collective radiation
exposure (WANO performance indicator).

Example of specific indicator: Percentage of
controlled area that is contaminated.

Strategic Indicator: human performance

The purpose of this indicator is to monitor the
influence of human factors on different safety related
activities in the plant. It indicates the degree of
importance of human errors in these activities.

Example of specific indicator: percentage of events
due to human error.

Example of specific indicator: number of human
related incidents during testing, maintenance, or
restoration.

Strategic Indicator: Backlog of safety related
issues

This indicator provides a measure of the problem
solving capacity of the organization.

Example of specific indicator: number of safety
issues in the backlog (analysis phase).

Example of specific indicator: number of safety
issues in the backlog (implementation phase).

Strategic Indicator: safety awareness

The purpose of this strategic indicator is to assess
the level of interest in improving the knowledge of the
staff in safety related matters, the openness towards
external new ideas and in particular the interest in
improving staff attitude towards nuclear safety.

Example of specific indicator: percentage of plant
staff trained in safety management/safety culture.

Example of specific indicator: number of seminars
on safety related matters.

2.3.2. Overall Indicator: Striving for Improvement

Striving for improvement means the plant has
established a strong positive safety culture where
continuous improvement is the expected behaviour and
a commitment of all employees.

Strategic Indicator: self-assessment

Internal safety reviews and audits are very
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important part in the framework of the plant
self-assessment activities. They are performed to
assess effectiveness of the plant programmes and
procedures, to assess the effectiveness of controls and
verification activities, to verify that corrective actions
have been planned, initiated, or completed, etc.

Example of specific indicator: number of
independent internal safety and QA inspections and
audits.

Example of specific indicator: number of external
review findings not previously identified by internal
reviews.

Strategic Indicator: operating experience
feedback

Operating experience feedback (OEF) results from
reviews of actual events which have happened either at
the plant or at other installations.

Example of specific indicator: number of similar or
repeated deviations and failures.

Example of specific indicator: number of events at
other plants that undergo review/analysis.

3. RESULTS OF THE PILOT STUDIES

The programme development described above
was enhanced by pilot plant studies, conducted over a
15 month period from January 1998 to March 1999.
The objective of this pilot study was to validate the
applicability, usefulness and viability of the approach for
implementation at nuclear power plants. A secondary
purpose was to obtain feedback regarding the
difficulties encountered in implementing the programme
and to identify recommendations for adjustments to the
framework based upon pilot plant experiences and
perceptions. Four NPPs from different countries and
with different reactor designs participated in this study.

The activities carried out by the pilot plants were:
selection of indicators, review of definitions of
indicators, establishment of the necessary
organizational support, data collection and analysis,
development of support software, and preparation of
reports.

The IAEA-TECDOC-1141 on ‘‘Operational safety
performance indicators for nuclear power plants’’
provides information on the experience of each
participating plants in the selection of indicators,
establishment of indicator definitions, identification of
specific indicator goals, indicator display and
interpretation, logistics and resources required,
management involvement and insights and lessons

learned. It also presents the operational safety
performance indicator systems adopted by each plant.

The four participating plants recognized the
inherent value of the concept and framework, and
maintained the overall hierarchical organization of
indicators. However, each participating plant needed to
introduce plant specific adaptations to suit individual
data collection systems, plant characteristics, etc.

The pilot plants agreed that the selection of
indicators, definitions and goals was an important step
in creating a plant specific tool. The process of
developing indicator goals and definitions helps to
focus the organization on the critical elements of
nuclear safety performance that should be measured.
However, this process introduces significant variation in
how the indicators are defined and measured. This
implies that comparison of data and benchmarking
among plants utilizing plant specific definitions should
be approached with extreme caution. Invalid
comparisons can lead to the establishment of
inadequate goals and forfeit the benefit that this tool
can provide.

4. FINAL REMARKS

This paper has presented a framework for the
development of a programme to monitor nuclear plant
operational safety performance developed at the IAEA
from 1995 to 1999. The framework was derived from
the concept that, while safety is difficult to define, it is
easy to recognize.

In January 1998, a pilot study was started in order
to validate the applicability, usefulness and viability of
the approach for implementation at nuclear power
plants. The participating plants concluded that the
proposed framework provides a good approach.

The efforts described in this paper are documented
in more detail in the IAEA-TECDOC-1141 on
‘‘Operational safety performance indicators for nuclear
power plants’’, to be published shortly.

Despite the efforts described, it is clear that
additional research is still necessary in areas such as
plant-specific adaptation of proposed frameworks in
order to suit individual data collection systems and
plant characteristics, indicator selection, indicator
definition, goal setting, action thresholds, analysis of
trends, indicator display systems, analysis of overall
safety performance (i.e., aggregation or combination of
indicators), safety culture indicators, qualitative
indicators, and use of additional indicators to address
issues such as industrial safety attitude and
performance, staff welfare, and environmental
compliance. This is the rationale for a new IAEA Co-
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ordinated Research Project on ‘‘Development and
application of indicators to monitor NPP operational
safety performance’’ that was started in 1999. The
objective of this project is to foster the co-ordination of
efforts and the exchange of information and experience
among NPPs world-wide in the field of operational
safety performance indicators.
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ABSTRACT

Regulators attempt to evaluate the safety performances of the licensees by using objective indicators.

The Baltimore workshop organised by the WGIP (working group of Inspection practices) of the CNRA, OECD
addressed such a usage of objective indicators and discussed in details their regulatory usage: scope, outcome,
objectives, advantages/disadvantages, criteria for good PI, use of PI for regulatory assessments.

The overall results are presented here, namely the intent of the regulatory use of objective safety indicators, the
practical usage of the indicators, a discussion on their benefits and limitations, some criteria to define an
adequate indicator, as well as considerations on the combination of indicators with other data. This will be
followed by some general considerations and conclusions.

 

INTRODUCTION

Safety indicators have always been used informally by regulators to trigger investigations or initiate regulatory
actions.

The last years a tendency developed itself to obtain "objective safety indicators" to evaluate , and if possible to
measure, the safety of the regulated nuclear power plants.

This tendency seems to have appeared from the need the regulators, as many others in different industries, are in
to be transparent and objective. Hence the necessity to show or prove allegation concerning the safety of NPPs.

Such a use of indicators is based on the postulate that everything is numerically measurable so that the
indicators can be used to define clear objectives and to introduce improvement feedbacks. This is also a key
issue in the development of quality systems, which are very comparable to safety systems.



When the WGIP first addressed the PI issue a few years ago, it collected the practices of its member countries.
Besides the overall informal use of PIs by everybody for day to day inspection tuning, two groups of countries
actually emerged: the countries with a large number of plants, which wished tools to be consistent or to define
comparable policies, and the countries with a smaller number of plants, which could evaluate the safety of their
plants on a more informal way.

The WGIP continued afterwards to try to come up with a consensual approach of indicators. As a step in that
directions, and with in mind the US policy of development of public safety PIs to modulate the inspection
programme, the WGIP found useful to collect information on a broader way through its biannual workshop.
This paper summarises the main consideration made by two discussion groups on the subject.

 

INTENT OF THE REGULATORY USE OF OBJECTIVE SAFETY INDICATORS

It appears from the countries’ practices that there is a spectrum of regulatory usage of Performance Indicators.
Usage ranges from

• concentration on "outcomes" which tends to result in "high level" PIs;

• concentration on "process", which can result in finely focussed PIs.

The former "measures" licensee’s performance outcomes, leaving monitoring of processes to licensees.

The latter allows regulators to monitor trends in licensee performance at a low level as a means to determine the
effectiveness of the licensee’s safety management system and licensees can use them in their improvement
processes.

Usage by individual countries varies, and individual regulators use various approaches along the spectrum.

A fundamental principle is that, regardless of the way in which PIs are used, there must be a reasonable
assurance, supported by evidence, that the PIs are valid for that purpose.

 

OBJECTIVES OF DEVELOPPING PIs

The various identified possible uses of PIs are:

• As part of a structured, formal process for communication within and between the RB and licensees.

• To identify off-normal conditions to trigger regulatory actions.

• In combination with other information processes, to improve the focus of the regulator’s activities.

• To provide information to stakeholders (the degree of information & the stakeholders informed depend on
the country’s practice).

• To provide a "measure"1 of effectiveness of other regulatory tools.

• To facilitate efforts of licensees to improve their safety performance (e.g., through appropriate
benchmarking).



The first three items are clearly a formalisation of the informal use of indicators by the regulator. A systematic
definition of a set of indicators may allow a structured approach by the regulator.

The next two items are more communication related, allowing third parties to get an idea of the plant safety.
They might however be the subject misinterpretations.

The last objective could be a help for the licensee, but one has to be careful not to divert the PIs from their use.

BENEFITS AND LIMITATIONS OF THE SAFETY INDICATORS

The analysis of the benefits and the limitations of the use of PIs. This led to the following enumerations:

Potential benefits

• The PIs are objective, auditable, and not disputable

• When used as a set, PIs provide insights regarding what is important for safety

• A structured set of PIs provide can provide information that is understandable to all stakeholders

• The PIs provide additional bases for investigation by the regulatory body

• The PIs are relatively low cost (i.e., easy to report) and easy to evaluate

• The PIs enable comparisons or benchmarking

• The PIs encourage licensees to monitor performance at a lower level

• The PIs can promote licensees own improvement processes

The validity of these benefits are depending on the honest and rational use of the PIs. Deviations from such a
philosophy may impair the adequacy of the conclusions drawn from PIs.

 

Potential limitations

• PIs cannot to be used alone

• PIs are difficult to define without ambiguity

• PIs may be misconstrued as providing a measurement of safety level rather than an indication of a
particular aspect of performance

• PIs may be subject to misuse or manipulation

• Data collected by the utility must be verified to ensure its accuracy

• PIs may not provide timely indication of trends in safety performance

• PIs are not effective unless used as part of a full set of PIs that provide information regarding a spectrum of
activities or attributes



• It is difficult to develop and collect PIs for non quantifiable issues (e.g. program effectiveness, management
effectiveness )

• PIs may be of limited value in comparing plants where differences between plant types are great

• Regulators may lack legal powers to require licensees to collect PIs

• PIs cannot replace qualitative judgements

The preceding reservations must be kept in mind when developing as set of PIs. The limitation with respect to
non quantifiable issues shows that PIs cannot completely replace human judgment.

 

Cautions when developing and using PIs

The following pitfalls were identified when developing a set of PIs:

• PIs are most effective when they provide information that is sufficiently timely to allow the regulator to
identify adverse trends in safety performance before a significant degradation has occurred.

• It is important to have as complete a set of PIs as possible

• PIs Should not be used alone. Rather, they should be used along with other performance insights.

The first aspect is particularly important, as a present degradation of safety may be masked by still good PIs. It
is however essential for the regulator to be able to anticipate a safety degradation. Hence the use of other safety
evaluation techniques to supplement the use of PIs.

 

CRITERIA FOR GOOD PI

A good PI is one that meets the following criteria:

• It is resistive to manipulation, misuse, and misunderstanding.

• The definition of PI is clear, concise, and precise to make sure different observers given the same input are
able to produce the same results.

• There exists a clearly defined, logical relationship to the safety regulator’s objectives.

• In combination with other information, it enables timely indication of safety degradations.

• It is measurable and quantifiable to the extent possible.

• It is relatively easy to define, report, and evaluate.

• It does not result in licensees taking action contrary to safety.

The previous conditions form a set which is not obvious to be met, let alone to be proven to be met. This shows
the challenge behind the definition of a coherent set of safety PIs.



 

COMBINING PI AND OTHER INSIGHTS

As a final touch it appears that PIs must be used in combination with other insights. The following elements
give guidance on the possible ways to use PIs:

• PIs should always be combined with other objective and subjective inputs (such as inspections,
investigations into events and risk informed data), and be evaluated on a collegial manner.

• The way in which such insights are combined depends on the purpose of each particular use.

• When information (including PIs) is combined for a particular use it should be incorporated into the
normal, systematic, process of preparing for regulatory action or decision taking.

Accordingly the use of PIs should be integrated in a complete regulatory inspection framework, where PI’s and
various other data should confirm their respective conclusions.

 

CONCLUSIONS

The WGIP workshop sessions on objective PIs has issued recommendations on the overall definition, use and
integration of safety related PIs, pointing out conditions which must be met in order that the regulator is not
misled and keep a sensible approach on the use of PIs.

This is particularly important when the so-called "objective indicators" are used and interpreted by stakeholders
too far from the field, who might take indicators or investigation trigger as a true and absolute measure of
safety.
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Abstract

The WANO performance indicator programme supports the exchange of information by collecting,
trending, and disseminating nuclear plant performance data in key areas. The data is gathered for a set of
quantitative indicators of plant performance in the areas of nuclear plant safety and reliability, plant
efficiency, and personnel safety.

WANO has completed a review of this set of indicators with a few changes as noted in this paper.

Overall, performance at WANO member nuclear power plants continues to improve, as it has for the past
ten years.

 

PAPER CONTENTS

The WANO performance indicators are intended principally for use as a management tool by nuclear
operating organisations to monitor their own performance and progress, to set their own challenging
goals for improvement, and to gain additional perspective on performance relative to that of other plants.

WANO published and distributed the first performance indicator report in April 1991. By the end of 1992,
several programme milestones had been reached. A Performance Indicator Working Group, with
representatives from each region, had completed its initial work: agreement on the definitions for each



indicator for each reactor type. The frequency of report preparation and distribution was changed to
yearly in 1996, and improvements were made to allow individual plants to compare their performance
more easily with industry average values.

In 1993, reporting of data began for all reactor designs. The level of reporting has grown to 100 percent of
the operating nuclear power plants reporting at least four indicators, 98 percent reporting at least seven
indicators, and nearly 60 percent of the plants reporting data for all 10 indicators.

It is expected that the use of WANO performance indicators will encourage emulation of the best industry
performance. It should also further motivate the identification and exchange of good practices in nuclear
plant operations.

 

Characteristics of a Good Indicator

The following are characteristics of an ideal performance indicator, as seen from WANO’s perspective. It
is recognised that no indicator has all of these traits, but groups should approach with caution an indicator
definition that falls short of too many of these characteristics:

• The indicator is useful to plant and utility management as a device for encouraging
comparison, emulation, and goal setting (as appropriate) amongst WANO members.

• The indicator has a strong and obvious tie to the WANO mission (e.g., safe and reliable
power plant operation) for all reactor designs. Indicators not clearly tied to the WANO
mission should be left to others to develop.

• The indicator is easily understood—the definition as simple as possible without impairing
the technical and operational significance of the indicator.

• The indicator does not, by its nature, encourage plant staffs to take actions that are non-
conservative from a safety or reliability perspective in order to achieve a good indicator
result.

• The indicator has meaning for all different reactor types.

• The indicator represents a practical approach that is not likely to be misconstrued by
indicator users.

• The indicator is not easily manipulated.

• Indicator data collection and reporting are straightforward.

• The indicator should have limited risk of misuse outside the industry.

 

Revisions to Performance Indicators

With the above characteristics in mind, over the past two years WANO has conducted a review of the set
of WANO performance indicators with an eye for any necessary changes. This process relied on
extensive input and involvement of WANO members and multiple review groups. The changes will take



effect with data reporting for 2001. As a result of this review, WANO will no longer use the Thermal
Performance Indicator and the Volume of Solid Radioactive Waste Indicator. Additionally some
clarifications to definitions were developed. These review groups also examined development of a risk-
based indicator for safety systems, and an event-based indicator. Although satisfactory indicators were
not developed for these two areas, they remain of interest for future improvements to the set of WANO
performance indicators.

 

Performance Indicator Results

For several years, WANO members have agreed to share performance indicator data for individual
nuclear power plants amongst members in keeping with WANO’s Confidentiality Policy. This allows open
and candid exchange of information amongst WANO members in keeping with the spirit of WANO’s
mission.

Additionally, WANO has made public the overall performance indicator results on an annual basis. The
following are the overall WANO results through year end 1999.

Unit Capability Factor

Unit capability factor is the percentage of maximum energy generation that a plant is capable of supplying
to the electrical grid, limited only by factors within control of plant management. A high unit capability
factor indicates effective plant programmes and practices to minimise unplanned energy losses and to
optimise planned outages.

Unplanned Capability Loss Factor

The unplanned capability loss factor is the percentage of maximum energy generation that a plant is not
capable of supplying to the electrical grid because of unplanned energy losses, such as unplanned
shutdowns or outage extensions. A low value indicates important plant equipment is well maintained and
reliably operated and there are few outage extensions.

Unplanned Automatic Scrams per 7,000 Hours Critical

The unplanned automatic scrams per 7,000 hours critical indicator tracks the mean scram (automatic
shutdown) rate for approximately one year (7,000 hours) of operation. Unplanned automatic scrams result
in thermal and hydraulic transients that affect plant systems.

Collective Radiation Exposure

The collective radiation exposure indicator monitors the effectiveness of personnel radiation exposure
controls for boiling water reactors (BWRs), pressurised water reactors (PWRs), pressurised heavy water
reactors (PHWRs), light-water-cooled graphite reactors (LWCGRs), and gas-cooled reactors (GCRs).
Low exposure indicates strong management attention to radiological protection.

 

 

 

Industrial Safety Accident Rate



The industrial safety accident rate tracks the number of accidents that result in lost work time, restricted
work, or fatalities per 200,000 work-hours. The nuclear industry continues to provide one of the safer
industrial work environments.

Volume of Solid Radioactive Waste

This indicator monitors the volume of solid radioactive waste produced per unit for boiling water reactors
(BWRs), pressurised water reactors (PWRs), pressurised heavy water reactors (PHWRs), light-water-
cooled graphite reactors (LWCGRs), and gas-cooled reactors (GCRs). Minimising radioactive waste
reduces storage, transportation, and disposal needs, lessening the environmental impact of nuclear
power.

Thermal Performance

Thermal performance monitors how efficiently a plant converts thermal energy into electrical output. A
high thermal performance indicator reflects high thermal efficiency. Efficient, well-tuned plants produce
more electrical energy and enable operators to detect abnormal trends and correct them early,
contributing to more reliable operations.

WANO monitors three additional performance indicators: safety system performance, fuel reliability, and
chemistry performance. These indicators are defined in a manner that reflects differences in plant-specific
designs, configurations, or operational practices. As a result, data cannot be meaningfully summarised
across reactor types.

Safety System Performance

The safety system performance indicator monitors the availability of three important standby safety
systems at each plant. Safety systems that are maintained in a high state of readiness have a high
probability of being capable of mitigating off-normal events.

Fuel Reliability

The fuel reliability indicator monitors progress in preventing defects in the metal cladding that surrounds
fuel. Maintenance of fuel cladding integrity reduces radiological impact on plant operations and
maintenance activities.

Chemistry Performance

The chemistry performance indicator provides an indication of progress in controlling chemical
parameters to retard deterioration of key plant materials and components. These parameters are already
being maintained within strict guidance developed by the industry.

Summary

WANO performance indicators provide WANO members with a means of exchanging plant performance
data to support communication, comparison, and emulation of industry best practices.

Although these indicators recently underwent an extensive review for potential changes, the majority have
withstood the test of time and continue to be a valid means of comparison.

 

 



 

 

 

 



Notes: (1) The median of plant values is displayed for all indicators except unplanned automatic scrams
per 7,000 hours critical, where the mean of plant values is shown, and industrial safety accident rate,
which is an overall industry value (summation of plant values).

(2) Half of the plant values are above and half are below the displayed median values. The mean is the
arithmetic average of the plant values. The median value is normally displayed rather than the mean
value, because the median value is less susceptible to the influence of outliers and is, therefore, more
representative of overall performance.
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Abstract

Integral analysis of reportable events by the supervisory authority using selected safety indicators and the
analysis of the results provide important information on the significance in safety-engineering terms of the
events and the current technical safety status of the nuclear power plant and its mode of operation. The
assessments determined for the individual safety indicators form the basis for further investigations,
examinations and the enforcement of necessary improvements by the supervisory authority. An
investigation is currently being conducted to examine the extent to which it is possible to deduce the
overall safety assessment of the event by linking the assessments for the individual safety indicators
using fuzzy logic.

 

Introduction

The peaceful use of nuclear energy has a long tradition in the Free State of Bavaria, one of the 16 Länder
(federal states) of the Federal Republic of Germany. As early as 1957, the first research reactor in the
Federal Republic of Germany went into operation in Garching near Munich. It is almost forty years ago
since the first nuclear power station in the Federal Republic of Germany, the Versuchsatomkraftwerk Kahl
(VAK) in the Bavarian town of Kahl, began producing electricity. Today, five nuclear power plant units with
a total electrical output of around 6400 MW produce 2/3 of the

 

total electricity consumption in Bavaria. These plants were put into operation between 1977 and 1988.
Together with hydroelectric power, around 80 % of the electricity produced in Bavaria is CO2-free.



The high operating availability of the Bavarian plants during the past 10 years is shown in Fig. 1. The
number of reactor scrams and reportable events as well as the collective radiation doses of the internal
and external personnel show a slight downward tendency at a low level. This development is due above
all to the fact that in the past, the operators have continuously improved the safety of their plant by
extensive backfitting measures, by further increasing the quality assurance, through consistent orientation
towards elements of safety culture and through periodic safety reviews including probabilistic safety
analyses.

Due to these measures carried out by the operators, the safety standard of all Bavarian nuclear power
plants was continuously brought up to the latest state-of-the-art in science and technology. Therefore, the
safety of the plants has increased to a very significant degree since the time at which their nuclear
operating licenses were issued. This has been confirmed by the Internationale Länderkommission
Kerntechnik (International Nuclear Technology Commission, ILK), jointly appointed by the Free State of
Bavaria, and the Länder Baden-Württemberg and Hesse, in July 2000 in a report on the safety of the
utilisation of nuclear energy in Germany1.

However, the high safety standard of the Bavarian nuclear power plants is also due to the strict yet
appropriate supervision by the Bavarian Ministry for State Development and Environmental Affairs
(BStMLU). This supervisory procedure is performed with the support of TÜV Süddeutschland (TÜV) as
expert organisation and uses a number of instruments which consider aspects of man, technology and
organisation in an integrated approach (s. Table 1).

 

 

Fig. 1:
Performance indicators for Bavarian nuclear power plants

 



 

1 Inservice inspection of systems, structures and components

2 Site inspection of the plant and its personnel during operation and shut down periods

3 Quality assurance measures during maintenance

4 Assessment of modifications to the plant and its mode of operation

5 Evaluation of reportable events

6 Independent monitoring of radioactive emissions and their impact on the environment

7 Assessment of operator reports

8 Periodic safety reviews

Table 1:

Integrated approach for the supervision of nuclear power plants

 

The recent liberalisation of the electricity market within the European Union has put considerable
pressure on the companies operating the Bavarian nuclear power plants with respect to competitiveness
and costs. It is therefore expected that in future, the plant operators will apply strict criteria on their
willingness to carry out voluntary additional safety improvements, which will also depend on the remaining
time of operation for the respective plant. Even if the respective plant continues to formally fulfil the
nuclear safety regulations and the conditions of the license, there is a risk that over the course of time,
the overall safety level of the plant will fail to keep up with the latest state-of-the-art in science and
technology. Due to technological ageing of the plants and the cost-induced reduction of the plant staff, the
BStMLU as the competent supervisory authority will have to face new challenges.

Since the regulatory supervision quite naturally cannot exercise 100% control over the technical,
organisational and personnel situation of a nuclear power plant, the supervisory authority increasingly has
to rely on safety indicators which can deliver a sufficiently reliable and fast assessment of the safety level
of a plant and its operating mode on the basis of incomplete information. These safety indicators should
also help the supervisory authority to distinguish between essential and non-essential safety
improvements.

The title of the paper at first suggests that the number and reporting category of reportable events in
nuclear power plants can be considered as indicators for the safety of these plants. However, this
approach does not enable a systematic and objective safety analysis because the low number of events,
for example, is subject to strong statistical variations. Nevertheless, as is shown below, the reportable
events can be evaluated using selected safety indicators in such a way that important information about
the current safety condition of the respective plant can be obtained.

 

Reportable events in Bavarian nuclear power Plants

According to the Ordinance on Reportable Events2, the nuclear power plant operators are obliged to



report to the supervisory authority

accidents and any other significant occurrences. The aim of the reporting procedure is to enable the
supervisory authority to identify possible deficiencies already at an early stage and, if necessary, to
enforce preventive actions. Reporting of events has to follow specific reporting criteria. For plants in
operation, these reporting criteria are assigned to the categories N (normal), E (urgent) and S
(immediate), which determine type and deadlines for reporting. The categories are a measure of the
significance of the event in safety-engineering terms and are associated with different obligations for
preventive actions of the supervisory authority. The reportable event, its causes, effects and removal as
well as preventive measures against a recurrence must be described in an official reporting form. In case
of events which were caused by a damage to systems or components or in the course of which damages
to safety relevant systems or components occurred, the plant operators are legally obliged to take
measures to preserve evidence in order to enable the clarification and subsequent inspection of the exact
causes and consequences of the event at a later date. In addition, the plant operators are also obliged to
categorise every reportable event according to the seven levels of the International Nuclear Event Scale
(INES)3.This scale is used to inform the general public about the significance of a particular event with
special regard to the safety of the plant and to whether or not it had or could have had any radiation
impacts on the public or the environment.

The reportable events that have occurred at the Bavarian nuclear power plants during the past 5 years
are shown in Table 2 as well as in Fig. 2 and 3. 98% of the reported events were category N. Only two
events were reported according to category E. In each case, one of two containment isolating valves did
not close properly during an inservice inspection. Since only the necessary number of safety installations
– instead of the usual double redundancy - was available, the event was classified according to category
E.

Fig. 2:

Number of reportable events in Bavarian nuclear power plants according to the kind of occurrence



 

Fig. 3:
Number of reportable events in Bavarian nuclear power plants according to mode of and consequence on
operation

 

 

  Reporting Category INES-scale

  S E N 0 1 ≥ 2

1995 16 0 0 16 16 0 0

1996 32 0 0 32 31 1 0

1997 11 0 1 10 11 0 0

1998 20 0 1 19 20 0 0

1999 12 0 0 12 12 0 0

 

Table 2:
Number of reportable events in Bavarian nuclear power plants according to the different reporting
categories



All events had no effects on the operating personnel or the environment. Only one event was classified
according to INES level 1. The reason was a deficiency in the quality assurance system identified during
the investigation of the event.

A copy of the reporting form is sent by the BStMLU to the Federal Ministry for the Environment, Nature
Conservation and Nuclear Safety (BMU). BMU centrally collects and documents the nuclear events
reported from all the five Länder in which nuclear power plants are operated. If the in-depth analysis
shows a significance and applicability to the safety of other German nuclear power plants, BMU will
distribute an information notice to the supervisory authorities and expert organisations. As a
consequence, the plant operators have to submit a comment on each information notice to the competent
supervisory authority with special emphasis on the implementation of recommendations.

 

Investigation and analysis of the operator’s Event report by the supervisory authoritY with the
HELP of safety indicators

After having been informed about a reportable event by the operator, the BStMLU usually entrusts the
TÜV as expert organisation to carry out a comprehensive safety assessment of the event. Based on the
completed reporting form and preliminary verbal information from the operator, TÜV personnel carry out
further examinations on site. TÜV and – if necessary – also representatives of the BStMLU interview the
responsible plant personnel about causes, development and the impact of the reportable event on safety
systems, the operating personnel and the environment. Usually, the operator has to submit a detailed
nuclear event report. This report must also include details about removal of the consequences of the
event, restoration of a plant status to the necessary safety requirements and, if applicable, improvements
required to prevent a recurrence of the event. In some cases, the operator is obliged to make material
and activity samples available for investigation by an independent expert organisation.

In addition, the remote surveillance system for nuclear reactors owned by the authority delivers data
about certain plant parameters and especially on the radioactive emissions of the plant at the time the
event occurred.

In order to enable a comprehensive and integral evaluation of the event, the investigations cover the
whole system man – technology – organisation. Six safety test areas are considered in more detail for the
safety assessment of the event. The individual safety test areas are assigned to a total of 15 safety
indicators (s. Table 3), which experience has shown to have a high degree of significance for the safety
level of the plant and the operative management. By investigating a specific event with respect to these
safety indicators, it is possible to generate a systematic and objective integral assessment of the event. In
order to make the assessment reconstructable for the operator in an optimal way, the importance of every
safety indicator can be characterised according to a scale consisting of five levels. These levels are:

"insignificant",
"fairly significant",
"significant",
"very significant",
"extremely significant".

 

Safety test area Safety indicators

1 Initiating events 1 Events which have made the activation of safety installations



necessary

2 Safety systems 2 Malfunctions, damage or breakdown of safety installations
which are necessary for the control of design basis accidents

 3 Identification of a common cause failure

3 Integrity of activity 4 Activity of the reactor coolant

barriers 5 Leak tightness of the containment

 6 Integrity of the primary circuit and other systems carrying
radioactive materials

 7 Activity in intermediate cooling circuits or in the secondary
circuit

4 Radiation exposure of
the operating personnel
and

8 Compliance with dose limits for radiation exposure as provided
by the Radiation Protection Ordinance

the general public 9 Radioactive contamination within radiation protection areas
above limiting values

 10 Dispersion of radioactive material beyond plant boundaries,
also by shipping casks transporting spent fuel elements

 11 Uncontrolled release of radioactive material

5 Operative
management

12 Compliance with the operating manual regulations, the
regulations of the license and with supplementary and other
requirements imposed by the supervisory authority

 13 Deficiencies in safety culture (including human factors)

6 Plant security 14 Unauthorised intervention; damage or failure of security
equipment

 15 Incorrect action by the security service personnel

Table 3:
Safety test areas and assigned safety indicators for the integrated safety analyses of reportable events

 

These safety indicators are used to investigate all aspects of an event relevant to safety engineering and
plant security. The safety test areas 1-4 (safety indicators 1-11) refer to the impact of the event. They are
based on the well-known protection goals

• Control of reactivity



• Cooling of fuel elements

• Confinement of radioactive material

• Limitation of the radiation exposure

The safety test areas "Initiating events" and "Safety systems" concern the protection goals "Control of
reactivity" and "Cooling of fuel elements". The following questions are subject for investigation:

• Was it an initiating event? Can the event be assigned to an initiating event? How significant is this
initiating event with respect to the plant-specific probabilistic safety analysis (PSA)? What is the
expected failure rate? (safety indicator 1)

• Was there a malfunction, damage or a breakdown in the safety system? How far did the
malfunction extend? Was the safety function of a component, train or system still guaranteed?
How many redundancies were affected? Is there enough diversity in the safety system? (safety
indicator 2)

At the same time, special consideration is given to whether a common cause failure occurred or whether
the event can be associated with such aspects as:

• Was there a common cause failure? Are there any hints indicating a common cause failure?
(safety indicator 3)

The safety test areas "Integrity of the activity barriers" and "Radiation exposure of the operating personnel
and the general public" are based on the protection goals "Confinement of radioactive material" and
"Limitation of radiation exposure". The following questions are of interest:

• Was the integrity of activity barriers destroyed, endangered or diminished? (safety indicators 4-7)

• Were statutory limits for radiation exposure or radioactive contamination within radiation
protection areas exceeded? To what extent? Was there a risk that limits could have been
exceeded? (safety indicators 8-9)

• Was radioactive material dispersed outside of the plant or subject to uncontrolled release? To
what extent? (safety indicators 10-11)

Apart from these indicators, further aspects of the event are also considered for the safety assessment.
These aspects include operative management and plant security issues. Consequently, an event can be
assigned to a higher safety significance than would be the case if the event were analysed on the basis of
protection goal-oriented safety indicators alone. The following questions have to be answered:

• Were the requirements of relevant regulations fulfilled? (safety indicator 12)

• Was the event caused by organisational problems? Was the event triggered by erroneous action
by plant staff? Which circumstances facilitated the error? Was there a deviation from operating
instructions? Did mistakes play a role in the course of the event? (safety indicator 13)

• Was there any unauthorised intervention; was there a damage to or breakdown of the security
equipment? To what extent?



(safety indicator 14)

• Did the security service personnel fail to act correctly? (safety indicator 15)

The evaluation of the individual safety indicators is carried out on the basis of many years of engineering
experience as well as a detailed knowledge of the plant and finally leads to the overall assessment of the
event. For the categorisation of the safety importance of the event according to the scale mentioned
above, further aspects such as the frequency of similar types of events can play a role. The importance
category of the overall assessment must, however, be at least as high as the highest individual
classification.

Measures taken by the superviso-ry authority

The BStMLU is deeply convinced that the acceptance of the peaceful use of nuclear energy by the public
primarily depends on a completely open information policy of both the operators and the supervisory
authority. In this way, rumours, misconceptions and unjustified fears can be very effectively overcome.
Therefore, it was voluntarily agreed between the operators of the Bavarian nuclear power plants and the
BStMLU that each reportable event will be published in the Internet on the homepage of the operator only
a short time after it occurs. The BStMLU also reports on the event on its homepage a short time after the
TÜV has submitted its preliminary safety assessment. The internet report of the BStMLU deals in
particular with the question of whether the event had an impact on the operating personnel or the
environment. If necessary, the internet reports are adjusted to the current situation.

In case of particularly safety relevant events, the public is informed by the plant operator and the BStMLU
additionally through press releases and - if necessary - press conferences.

The basis for measures to be taken by the BStMLU as the supervisory authority over the operator, is the
overall assessment of the reportable event established by TÜV according to the procedure described.
The BStMLU uses it to check

• if the operator has categorised the reportable event in the correct reporting category and

• if the operator’s measures for restoration of the plant safety status are sufficient to meet all
necessary requirements and to prevent a recurrence of the event

(s. Table 4).

Assessment of causes, effects and measures
to prevent recurrence

Publication of the reportable event and
measures for enforcing the safety
requirements of the supervisory authority



• Performance of additional
examinations in the plant and
questioning of the responsible personnel

• Enhanced supervision of other
parts of the plant

• Safety assessment of the
reportable event with respect to cause,
the development of the event and its
effects

• Evaluation of the operator’s
measures for restoration of a plant status
which meets all necessary requirements

• Evaluation of the operator’s measures to
prevent a recurrence of the event

 

 

• Rapid publication in the Internet

• In significant cases press
releases and press conferences

• Injunction to take measures for
restoration of a plant status which meets
all necessary safety requirements

• Permit of restart after refuelling

• Injunction to prevent risk to life,
health and property (e.g. shut-down)

• Imposition of additional licensing
conditions

• Revocation of the license

Table 4:
Measures of the supervisory authority in the case of reportable events

The BStMLU is primarily interested in a trustworthy dialogue between the supervisory authority and the
operator. The aim is to reach a solution which is mutually acceptable to both sides. The assessment of
the event using safety indicators offers the best prerequisites because the individual steps of the
supervisory assessment can be clearly reconstructed by the operator.

In the rare case that this procedure fails due to irreconcilable differences of opinion, the supervisory
authority can order special safety measures and safety inspections as well as an interruption of operation
if deviations from legal provisions or the licensing conditions or dangers for life, health and ownership of
third parties are detected. The supervisory authority can impose additional licensing conditions or – as the
final possibility – revoke the license if the operator is not willing to follow the orders of the supervisory
authority (s. Table 4). The operator can have the lawfulness of these administrative acts examined by a
court. In this context, it is of particular significance that the Bavarian plant operators need a supervisory
permit for restart after each refuelling. This permit is only granted by the BStMLU, if there are no doubts
regarding the safety of the plant.

 

Practical Example

During an inservice inspection performed in a pressurised water reactor in the course of a planned outage
for refuelling, it was observed that all shut-off valves of the measuring transducer of one of the hot-side
accumulators were closed and the equalising valves had been left open. All the valves were found sealed
in this wrong setting. During the subsequent control of the measuring devices of the other accumulators,
a further case of a wrong setting was discovered. The wrong setting of the measuring transducer valves
had existed since the previous refuelling outage, during which maintenance works had been carried out
on these measuring transducers.



The accumulators are passive components of the emergency cooling system. Their task is to make large
quantities of water available quickly for cooling the reactor core in the low-pressure range in the case of a
large loss of coolant accident. When required, the water is fed in by a nitrogen gas blanket located above
the water column.

The water level meter concerned is used to trigger the shut off of the accumulator in the case of the water
level falling below the lower limit. Because of the wrong valve setting, this function was deactivated.
Therefore, if the accumulator had been actuated, the nitrogen could have entered the reactor cooling
circuit .

The analysis of the event using safety indicators provided the following result (s. Table 5):

 

 

Safety test area Safety
indicator

Assessment of the safety indicator

1 Initiating events 1 Insignificant

2 Safety systems 2 Fairly significant

 3 significant

3 Integrity of 4 Insignificant

activity barriers 5 Insignificant

 6 Insignificant

 7 Insignificant

4 Radiation exposure of
the

8 Insignificant

operating personnel 9 Insignificant

and the general
public

10 Insignificant

11 Insignificant

5 Operative
management

12 Fairly significant

 13 significant

6 Plant security 14 Insignificant



 15 Insignificant

 

Table 5:
Evaluation of the safety indicators for a specific event (Example)

Due to the event, the components of the safety system were restricted in their proper function. However,
the safety oriented functionality of the accumulator was not affected. In the case of a possible transfer of
nitrogen into the reactor cooling circuit, the heat transfer from the reactor would have been affected, but
nevertheless adequately guaranteed.

The event was caused by wrong action of the plant personnel and indicates some weaknesses in the
organisational procedures for internal tests and maintenance. In addition, due to the fact that the same
wrong settings were detected at several other redundant measuring devices, the event has to be
classified as a common cause failure.

Thus, the event is considered to be significant with respect to safety.

Before the BStMLU permitted the restart of the plant, the operator was asked to carry out in the presence
of TÜV a control of all safety relevant valves in the area of the reactor protection system, the electrical
power supply and process engineering. In this connection, the correct setting of the equipment shutoff
valves and the equalising valves was also checked.

According to the experience gained from the analysis of the event, various improvements were deduced
for the organisational procedures (work permit procedure, issue of sealing pliers). In addition, the
checking of safety relevant equipment shut-off valves (correct setting of the valves, check of leaktightness
and seals) were introduced as a new inservice inspection which has to be performed in the presence of
TÜV immediately before the reactor protection system is switched on.

The operators of the other Bavarian nuclear power plants were requested by the BStMLU to check the
applicability of the event to their plant. Where necessary, these checks have led to additional
improvements.

 

Conclusion

The integral safety assessment of reportable events in Bavarian nuclear power plants by the supervisory
authority has proven its worth and is fully recognised by the nuclear power plant operators. By analysing
the causes, the development and the effects of a particular event using safety indicators, a very high
degree of objectivity and verifiability can be achieved. The BStMLU, together with the TÜV, is currently
investigating whether the assessment process can be further standardised and therefore simplified by
linking the assessment levels of the individual safety indicators using fuzzy logic.
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Abstract

This paper presents general outline of the use and development of YTO Indicator System at the department of
Nuclear Reactor Regulation (YTO) in the Radiation and Nuclear Safety Authority, STUK. The purpose of the YTO
Indicator System is to be a complementary tool in the nuclear safety regulation in addition to inspections and safety
reviews. The development project of indicators and indicator system has shown that properly chosen and defined
indicators provide an objective tool for the regulator to control nuclear safety and also to evaluate it's own activities
and effectiveness. Development of indicator system has been a long project and has not been finished yet.

YTO Indicator System is divided into two main areas; safety of nuclear facilities and regulatory activities. Safety of
nuclear facilities is divided into 3 areas based on the concept of defence in depth; safety and quality culture,
operational events and physical barriers. Regulatory activities is also divided into 3 areas; working processes,
resource management and regeneration and ability to work. These areas are measured using several indicators. At
the moment some of these indicators are included in YTO's management system to measure whether internal goals
are achieved or not.

 

General

The Radiation and Nuclear Safety Authority, STUK, is the nuclear regulatory body in Finland. STUK’s regulatory
activities comprise all safety review and all safety related inspections at the Finnish NPP's, as well as drafting of
safety regulations and issuing of regulatory guides. To form an overview of the safety level at NPPs, and to have a
measuring tool, the department of Nuclear Reactor Regulation (YTO) at STUK decided to start developing safety
indicators.



 

Development project for safety related indicators

The project to develop a set of indicators for nuclear safety regulation was established in the middle of 1990. The
project was included in the Finnish contribution to the research programme "Collection and classification of human
reliability data for use in PSA" co-ordinated by the IAEA.

Goal of the project

The goal of the project was to develop an indicator system, which could be used:

• To illustrate levels and trends of nuclear safety in a quantitative manner

• To identify weaknesses at nuclear power plants

• To focus and optimise the use of YTO’s resources

• To evaluate and develop YTO’s review and inspection activities

• To develop co-operation between STUK and other organisations

Development project

Development of a set of safety related indicators has included several steps, such as:

• Determination of areas to be monitored

• Determination of existing data sources

• Nomination of candidate indicators for each interest area

• Data collection

• Data validation and test calculations

• Screening and updating of candidate indicators

• Development of an information system for indicators

Objectives and areas to be monitored were defined during the winter 1995 - 1996. Initial data collection, data
analysis and test calculations were performed during summer 1996. A decision to adopt the indicator system as a
managerial tool was made in 1997. Some new projects were also initiated in 1997 to develop additional indicators
for certain areas. These are discussed later in the text. During 1998 and 1999 the system has changed; some new
indicators has been included into the system and some has been dropped out based on the information obtained from
test calculations.

Experience from the development project

Development of the indicator system has given experience and ideas. Some of them are listed below:

• Documents published by the IAEA and other international organisations have been a useful tool to get



familiarised with the concept of an indicator system as well as to organise the development project.

• The limited number of data sources already in existence restricts the possibilities for determination of
specific indicators. This should be noted at an early stage of the project. In practice, the areas to be
monitored may be examined on a theoretical basis, whereas the specific indicators should not be nominated
before getting familiarised with the data sources.

• The acceptability and usefulness of the indicator system within the regulatory body can be improved by
asking for needs and opinions of the staff. Furthermore, participation of the staff in the data collection and
analysis should improve the commitment throughout the organisation.

• Interpretation of the results (figures) should be carried out carefully. The focus of the analysis should lie on
the trends and reasons for changes instead of numbers.

 

DESCRIPTION OF THE PRESENT INDICATOR SYSTEM

At the moment system consists of more than 20 indicator areas in which there are about 150 indicators. The large
number of indicators can be explained by the fact that most of them are calculated separately for each plant unit. The
number of indicator areas and indicators as well has been bigger during the development project. Based on the test
calculations and data validation the most descriptive indicators has been chosen and included in the system. Also the
structure of the system has changed during the development project. The next attempt is to try to combine balanced
score card system and indicators describing regulatory activities.

At the moment 10 indicator areas are included in YTO's internal goals and these areas are followed annually. Some
of these indicators are presented in chapter 4. In other areas follow-up has not been so systematic. Time scale of data
gathered for indicators varies from 2 up to 10 years so there is enough information to make decisions whether the
indicator is descriptive or not.

Different type of indicators

Indicators can be categorised in several ways. In most cases determination of the indicator value is based on the
direct observation of the object. In that case the calculation of the actual value is often simple whereas the
interpretation of trends can be complex. Examples of this kind of indicators are "number of scrams", "number of
LERs" and "number of regulatory inspections". In some cases the correlation between an indicator and an object can
be indirect. For example "overall number of equipment failures" and "respective volume of preventive maintenance"
represent this type of indicators, object being maintenance resources. Some indicators are "predictive" whereas some
are "corrective". "Risk-based" indicators and "safety and quality culture" indicators are evident representatives of
predictive indicators while "collective doses" and "radioactive releases" describe an actual situation that may require
corrective measures.

Nuclear safety and Regulatory activities

The indicator system developed at STUK is divided into two main areas: NPP safety, from regulator's point of view
"outcome" of activities and regulatory activities, direct "output" indicator

Consideration of the area of "NPP safety" is based on the adoption of the concept of "Defence in Depth". The areas
(or layers) under consideration are:

• Safety and quality culture



• Operational events

• Physical barriers

These indicators reflect mostly the achievements of the operating organisations, but STUK can also make some
contribution on them.

Regulatory activities concentrate on the review and inspection activities, and on some supporting areas:

• Main working processes

• Resources

• Renewal of the regulatory activities and working abilities

Each of the areas mentioned above is going to be monitored using one or several indicators. More detailed
description of the system and indicator areas are presented in appendix 1.

 

EXAMPLES OF RESULTS AND USE OF INDICATORS

Numerical values for the majority of all indicators have already been calculated for a period of several years. The
figures (or trends) clearly demonstrate the usefulness of quantitative indicators, not only for the nuclear safety
regulation but also for illustrating the quality of the regulator's work.

YTO has recently paid attention to improve the quality of its own activities within the nuclear safety regulation. For
several areas of activities, a positive development can be observed by use of indicators. However, according to the
figures continued inadequate performance is seen in some areas, and there is an obvious need for improvements.

As mentioned earlier a sub-set of indicators are also being used for setting goals and measuring YTO's own
performance on annual basis. Examples of those goals and respective results are shown in the in the following
chapter. These indicators are calculated and reported to the management at the end of each year. Changes in
indicator values are analysed generally. Based on indicator values further activities have been started. For example
the increase in the number human originated common cause failures and in the number of deviations from Technical
Specification resulted in investigation that started at the beginning of year 2000.

Outcome of the regulatory work

YTO's internal goals are presented inside quotation marks before the figures.

"The number of technical and human originated CCFs does not increase remarkably."



Figure 1. Annual numbers of human originated CCFs at a two-unit Olkiluoto site.

"Collective radiation doses do not exceed 5.78 man Sv / 4 NPP units. Annual doses for each individual do not
exceed 20 mSv, considering the average value for 5 years period."

Figure 2. Annual collective doses recorded at each of the two-unit site. No cases of individual dose exceeding the
limit have occurred.

"NPPs are operated in compliance with Tech. Specs."

Figure 3. The indicator value is the number of recorded deviations.

"The dose of the most exposed person living near the NPP is below 0.005 mSv/year." Note that this is the
performance goal. Limit in the license is 0.1 mSv/year.

Figure 4. Annual doses (µSv/a) based on the releases from the NPPs, and calculations with a conservative dose
model.

 



"Core damage risk contribution from actually occurred events does not exceed 5%."

Figure 5. As-occurred risk contribution at Olkiluoto NPP, presented as a percentage of the average annual core
damage risk, which is estimated in the PSA study (see more explanation later in the text).

"Fuel integrity, integrity of primary circuit and integrity of containment fulfil requirements, and no significant
negative changes are seen."

Figure 6. The proportion of isolation valves, which passed the first leakage test.

Output of the regulatory work

"All inspections included in STUK's annual inspection programme are performed and reported."

Figure 7. The proportion of planned inspections made in a given year and the proportion of inspections performed
on time (Olkiluoto NPP)

"All regulatory reviews are conducted according to their priority, and if a longer review time is not specified in an
exceptional case, decisions on reviewed items are made within 3 months."



Figure 8. The proportion of different review times concerning Olkiluoto NPP: a < 1 month, 1 < b < 3, c > 3 months

"Regulatory guides are updated according to the annual plan."

Figure 9. The proportion of updates, as compared with the plans.

"R&D funded by STUK support effectively regulatory activities. Research programs are reported by the contractor
according to the contract. Research reports are analysed and commented during one month by STUK experts."

 

Figure 10. The proportion of comments issued on time.

 

Future activities

To finish this indicator project and to form a well functioning indicator system, following issues should be
determined and decided:



1. Each indicator should have a responsible person ("owner") who calculates values and evaluates the
indicator against the following targets:

• Practicality

• Relevance to NPP safety / regulatory activities

• Absence of negative impacts

• Accuracy

1. Requirements on the licensee reporting should be assessed against the information needed for calculation of
indicators. At the moment, the information needed for some indicators is not regularly submitted to STUK.

2. Information and reporting system for the indicators should be developed. The goal is that indicators are
available for all workers for example in the internal net.

3. Reporting methods and criteria for reporting should be established for each indicator. Also the reporting
period should be decided. For example it has been considered that responsible persons should analyse the
reasons for the changes in the indicators in the following two cases:

• The value of the indicator does not meet the given target.

• The value of the indicator deteriorates during two consecutive years even though it does meet the given
target.

1. Development of an overall safety index based on all other indicators. For example, if the indicator value
deteriorates it could get value –1 and if it gets better +1. The sum of all these values could be the safety
index.

2. Collection of data for indicators that measure regulatory activities should be included into the main
working processes (instructions/procedures), so that these processes produce either directly the indicators
or the data needed for the calculation of these indicators.

 

Development of specific safety related indicators

PSA-based indicators

A few PSA-based indicators are set up in order to identify the safety significance and to follow up and monitor the
risk development of specific events in NPP operation as follows:

1. Exemptions from the Technical Specifications

1. Failures of devices covered by the Technical Specifications

2. Preventive maintenance and other disconnection of devices covered by the Technical Specifications

3. Operating events

Each indicator is given as the annual sum of core damage frequency contributions from respective type of events,
divided by the average annual core damage frequency from the PSA study. Each sum contains all respective events



that reduce the reliability of some safety function, and thus cause a temporary risk increase above the basic risk
level. Basic risk level prevails when no deviations from faultless plant condition are known to exist. One should
recognise that the basic risk level already contains the risk contribution from majority of the aforementioned events
that reduce the safety systems reliability. At a plant performing properly, a low indicator value demonstrates that the
risk contributors which can be measured have a minor impact to the total risk. The majority of risk comes from
infrequent significant initiators such as LOCAs, Loss of offsite power etc.The figure 5 of this paper presents a sum
of all four indicators (exemptions from Tech. Specs., failures, maintenance, other events).

The associated plant configurations necessary for PSA based indicators are calculated using plant specific living
PSA-programs. The last application was carried out as a follow-up to an earlier study and it covered years 1995-
1998. The total risk of the aforementioned issues was found rather small, and it corresponds to the earlier studies.
The first application in 1992 covered the operating history range 1985 through 1991 at the OL1. The second
application was carried out in 1994 and covered the operating history range 1985 through 1994 at the OL2. In these
studies, unavailabilities of tens of component and subsystem failures, and also few transients were analysed in the
Living PSA framework.

While developing the risk based indicators, we are aware of the limitations of PSA such as completeness problem,
modelling uncertainty, shortages in human error analysis and CCF analysis etc., which result in uncertainty into the
PSA figures. These uncertainties however are found rather insignificant as concerns the use of indicators.

The main problem within the PSA based indicators is that some issues are difficult or even impossible to model with
the current PSA-model. Hence it is required that a sophisticated Living PSA system including extensive and detailed
system models, with a well established data collection and processing system to provide plant specific data, and an
efficient, user friendly PSA code are available. If these conditions are met, the determination of PSA based
indicators is quite straightforward.

Among the individual indicators, the risk importance of exemptions from the Technical Specifications and of
preventive maintenance are the most straightforward ones. Most of the deviations in the process are modelled with
PSA-programs. Indicators describing the risk importance of failures are also applicable in most cases but all devices
are not modelled in detail. Indicators describing operating events often need further development of the PSA model.

Indicators based on plant specific fault data statistic

Useful indicators can also be extracted from fault data records, such as indicators for the common cause failures and
the quality of maintenance. The idea is to examine the usability of fault data records in calculation and screening of
different types of failures.

The analysis of common cause failures was based on a method jointly developed by STUK and VTT (STUK's main
contractor for nuclear safety research). These indicators have been developed and defined only for Olkiluoto nuclear
power plant. The indicators are simply the numbers of different failure types. The screening of the plant specific
fault data covered years 1995-1996 (about 2800 cases). Failures at Loviisa NPP are currently being analysed in a
new project contracted to VTT.

Common cause failures were divided to two categories - to human or technical failures. These were further divided
to critical or non-critical failure classes according to their influence on system or devices. In the screening of
failures, also individual human errors and multiple technical failures were identified.

The results of this part of the study showed clearly that hidden CCFs can be found from detailed examination of
fault data history. The number of occurred human originated CCF’s (2,3/y) corresponded well to earlier studies done
at STUK and VTT.

It was concluded that there are many good ways to utilise the information in failure records as indicators. Based on
the study carried out for Olkiluoto nuclear power plant, the indicators from failure statistics are already applicable



for safety assessment. The monitoring of before mentioned indicators continues, and the aim is to focus on safety
related systems.

Safety Culture indicators

Evaluation of the current level of safety culture by quantitative means is a complex task. Instead of direct
measurement of safety culture, the evaluation could be carried out by identification of features of safety culture and
measuring their values. A project to develop such a methodology was started at the beginning of 1999 in co-
operation with VTT.

As another project, it was decided to study the NPP staff opinions on quality and outcome of work carried out by the
regulatory body. These opinions or attitudes depend on individuals’ experience and also on the overall atmosphere
within the NPP organisation. Based on the assumption that the perception by the NPP staff corresponds to the real
situation, an attempt was made to find out factors causing a certain attitude. Furthermore, it would be interesting to
clarify what are the assumptions of the regulatory staff about the same factors and finally make a comparison
between those two. This project was initiated in 1997 by interviewing NPP staff. Quantitative indicators are so far
not developed.

 

 

 

 

 

 

 

 

 

 

 

 

YTO INDICATORS
General

The YTO Indicator System developed by the Nuclear Reactor Regulation (YTO) illustrates the
safety of the nuclear power plants and performance of the regulatory control. The system is
composed of more than 20 indicator areas which spread out further to about 150 separate
indicators.

This paper presents a proposal for the YTO Indicator System to be taken up from the beginning of



2000 and practical actions for maintaining the system. The paper describes

• structure and contents of the YTO Indicator System

• responsibilities and methods for determining indicators.

A report concerning a separate development project considers more thoroughly how to bring the
strategy plan closer to the practice. The project in question touches the YTO Indicator System and
therefore the results of the project may in due cause affect needs to update the YTO Indicator
System, too.

Structure and contents of the YTO Indicator System

The YTO Indicator System has been, first of all, intended for information system which different
functional sectors within YTO can utilise when willing to do it. Based on the former consideration
the YTO Indicator System is applicable for assessing success of the strategy plan as well as for
focusing an review and inspection programme.

The YTO Indicator System is divided in two principal groups that are the safety of a nuclear
facility and the regulatory activities. Indicators for describing the safety of nuclear facilities can
also be utilised to assess effectiveness of STUK. Other relevant arguments like, among other
things, achievements in societal impact and in international co-operation shall be additionally
noted in assessing the effectiveness. Indicators concerning regulatory activities are applicable for
assessing work processes, resource management and personnel viewpoints.

The principal groups A, "Safety of nuclear facilities" and B, "Regulatory activities" of the YTO
Indicator System are divided into sub-groups and further into indicator areas as follows:

A. Safety of nuclear facilities B. Regulatory activities

A1 Safety and quality culture

A1.1 Failures and their repairs

A1.2 Number of TTKE deviations

A1.3 Availability of safety systems

A1.4 Radiation doses

A1.5 Radioactive releases

A1.6 Documentation

 

B1 Working processes

B1.1 Fulfilment of outcome targets

B1.2 Timely decision making

B1.3 Maintenance of regulations

B1.4 Implementation of inspection program

B1.5 Steering of contracted safety research

B1.6 Actions in abnormal situations

 

A2 Operational events

A2.1 Number of events

A2.2 Significance of events

B2 Resource management

B2.1 Resources for regulatory control of
nuclear safety

B2.2 Distribution of work load



A2.3 Causes of events

A2.4 Number of fire alarms

A3 Structural integrity

A3.1 Integrity of nuclear fuel

A3.2 Integrity of primary circuit

A3.3 Integrity of containment

B3 Regeneration and ability to work

B3.1 Maintenance of YTV Quality Manual

B3.2 Execution of development projects

B3.3 Execution of training program

B3.4 Work satisfaction

B3.5 Compliance with values

The review period of the indicators relating to the safety of nuclear facilities will be mostly the
operating cycle from the beginning of the refuelling outage to the beginning of the next refuelling
outage. The indicators relating to the regulatory operations are determined every calendar year.

Definitions of indicators and responsibilities for calculating indicators

1. A Safety of nuclear facilities

 

1. A1 Safety and quality culture

 

1. A1.1 Failures and their repairs

Scope of the indicator area:

The following data relating to failures and their repairs are followed under this
indicator area:

• failures of TTKE equipment (number of failures that caused unavailability);
TTKE is the Technical Specifications

• preventive maintenance of TTKE equipment (a number of preventive
maintenance works in relation to a total number of failure repairs and preventive
maintenance works)

• repair of TTKE equipment (a real repair time in relation to a repair time allowed
in the TTKE)

• failure types (human single failures, human common cause failures, technical
common cause failures, multiple failures).

Purpose of indicators:

The indicators are used to follow number and type of failures, elimination of failures



by the means of preventive maintenance and attitudes towards repair times allowed
in the TTKE.

Source of data:

Data for indicators is collected from the daily reports submitted by the utilities, from
failure data bases and from maintenance reports whose files are up to now
unofficially submitted to STUK. Failure data related to operating cycles is available
from operating cycle and monthly reports of the Maintenance Unit.

Responsible unit:

Operational safety (KÄY)

 

1. A1.2 Number of TTKE deviations

Scope of the indicator area:

A number of plant occasions against the
Technical Specifications (TTKE) as well as
a number of exemption orders granted by
STUK are followed within this indicator
area.

Purpose of indicators:

The indicators track and describe a number
of plant occasions against the Technical
Specifications as well as a number of
exemption orders granted by STUK.

Source of data:

Data for the indicators are collected from the
event reports issued by utilities and from
applications for the exemption orders.

Responsible unit:

Operational safety (KÄY)

 

2. A1.3 Availability of safety systems

Scope of the indicator area:

The plant unit -specific WANO indicators
are used as the indicators. At the Olkiluoto
NPP the items of follow-up are the systems
321, 327 and diesel generators and at the
Loviisa NPP, respectively, the high pressure



safety injection system (HPSI), auxiliary
feed water system (AFW) and diesel
generators. The review was started in 1990.

Purpose of indicators:

The indicator illustrates an unavailability of
the safety systems. By the means of the
indicator it is possible to supervise condition
of safety systems and changes of condition.

Source of data:

Data for the indicators are collected from the
utilities. It is not delivered officially to
STUK.

Responsible unit:

Operational safety (KÄY)

 

3. A1.4 Radiation doses

Scope of the indicator area:

The following indicators are tracked within this indicator area

• an amount of collective radiation doses

• an average of ten highest amount of annual radiation doses

Tracking is utility-specific and was initiated in 1990.

Purpose of indicators:

The purpose of the indicators is to supervise and to chart radiation doses. The
average of ten highest annual personal doses illustrates how close the allowed limit
of 20 mSv there is.

Source of data:

Data for indicators is collected from the utilities. Data for cumulative radiation doses
is received from the annual reports but the average value of the ten highest annual
personal doses are not officially submitted to STUK.

Responsible unit:

Radiation safety (SÄT)

 

1. A1.5 Radioactive releases



Scope of the indicator area:

The radioactive effluents and emissions
(TBq) of the plants are tracked within this
indicator area. Tracking is utility-specific.

Purpose of indicators:

The purpose of indicators is to supervise the
amount and trend of radioactive releases.

Source of data:

Data for indicators is collected from
monthly and annual reports submitted by
utilities.

Responsible unit:

Radiation safety (SÄT)

 

2. A1.6 Documentation

Scope of the indicator area:

A number of modifications whose plant documentation was not annually updated by
the next refuelling outage.

Purpose of indicators:

The purpose of indicators is to supervise quality management of the utilities and their
ability to maintain plant documentation.

Source of data:

Data for calculating indicators is collected from the plant modification register and
from on site inspections conducted by STUK.

Responsible unit/person:

Operational safety (KÄY)/Co-ordinator for plant modifications.

 

1. A2 Operational events

1. A2.1 Number of operational events

Scope of the indicator area:

A number of operational events reported in
accordance with the Guide YVL 1.5 is
tracked within this indicator area. Tracking



is plant unit –specific and it was initiated in
1990. An objective is to move to tracking in
accordance with operating cycles.

Purpose of indicators:

The purpose of indicators is to track a
number of operational events. It illustrates a
number of safety significant events.

Source of data:

Data for indicators is collected from the data
base Nuclear Safety Register (YTR) on the
basis of reported operational events.

Responsible unit:

Operational safety (KÄY).

 

2. A2.2 Significance of operational
events

Scope of the indicator area:

A calculated risk significance based on probabilistic safety assessment (PSA) of
operational events is followed as the indicators. The indicator is the summed risk of
each follow-up area. Tracking is plant unit –specific. The follow-up areas to be
tracked are as follows:

a. applications for TTKE exemptions

b. failures of TTKE equipment

c. preventive maintenance and other planed separations of TTKE equipment

d. operational events according to the Guide YVL 1.5.

Purpose of indicators:

The purpose of indicators is to track a risk significance of selected operational events
and parallel to it to monitor lengths of planned separations and preventive
maintenance actions.

Source of data:

Data for indicators is collected from the utility reports and applications for TTKE
exemptions.

Responsible unit:

Operational safety (KÄY).



 

1. A2.3 Causes of operational events

Scope of the indicator area:

Based on their origin the direct causes of
operational events are roughly divided to
technical and human failures. The indicator
is defined by calculating the mutual
proportions of the aforementioned cause
types within the reported operational events.
Basically, the direct cause in assessment is
assumed to be either technical or human.
When needed, an influence of the
aforementioned factors can be assessed in
percentages.

Purpose of indicators:

The purpose of indicators is to track changes
in mutual proportions of operational events
that cut across the reporting limit.

Source of data:

Data for indicators is determined on the
basis of the operational events that are
reported according to the Guide YVL 1.5.

Responsible unit:

Operational safety (KÄY).

 

2. A2.4 Number of fire alarms

Scope of the indicator area:

A number of fire alarms is tracked within this indicator area. Tracking is utility–
specific. Based on their origin the fire alarms are divided as follows:

a. automated failures

b. actual automated alarms

c. actual fires

d. other alarm operations.

Purpose of indicators:

The purpose of indicators is to supervise and to track operations of fire alarm
systems and fire brigades.



Source of data:

Data for indicators is collected from the utilities. Olkiluoto NPP reports the data in
its annual report but Loviisa NPP does not do it and therefore no official reporting
does not exist from Loviisa NPP.

Responsible unit:

Risk assessment (RIS).

 

1. A3 Structural integrity

 

1. A3.1 Integrity of nuclear fuel

Scope of the indicator area:

A maximum activity of the primary circuit
equivalent to I-131 (Loviisa NPP, at the
Olkiluoto NPP solely I-131) (kBq/m3)
during the operating cycle. Concerning the
Loviisa NPP, I-131 and I-134 are included
in calculations.

Purpose of indicators:

The purpose of the indicator is to describe
the integrity of the nuclear fuel during
operating cycle.

Source of data:

Data for indicators is collected from the
monthly and annual reports issued by the
utilities.

Responsible unit:

Operational safety (KÄY).

 

2. A3.2 Integrity of the primary circuit

Scope of the indicator area:

An overall amount of identified and non-
identified leakage of the primary circuit is
tracked within this indicator area.

Purpose of indicators:



The purpose of indicators is to track amount
of identified and non-identified leakage that
describe the integrity of the systems inside
the plant containment.

Source of data:

Data for indicators is collected from the
utilities. The data is not submitted officially.

Responsible unit:

Operational safety (KÄY).

 

3. A3.3 Integrity of the containment

Scope of the indicator area:

The following matters are tracked within this indicator area:

a. overall leakage of isolation valves compared with the highest allowed overall
leakage of the isolation valves

b. percentage of isolation valves at each plant unit that passed the leakage test at
the first attempt

c. an overall leakage of containment’s entrance and other holes in relation to the
highest allowed overall leakage of these holes at each plant unit.

Purpose of indicators:

The purpose of indicators is to track tightness of isolation valves, penetrations and
entrance holes.

Source of data:

Data for indicators is submitted officially to STUK.

Responsible unit:

Reactor and systems engineering (REA).

 

1. B Regulatory control

1. B1 Working processes

1. B1.1 Fulfilment of outcome targets

Scope of the indicator area:

Fulfilment of department’s outcome targets



on a scale from 0 to 1 is used as the
indicator. The target-specific evaluation is
made and the indicator is the average of
these numerical values.

Purpose of indicators:

The purpose of the indicator is to track the
fulfilment of outcome targets. The indicator
makes it also possible to evaluate action
planning from the "challenges/realistic
objectives" point of view.

Source of data:

In connection with the superior/subordinate
discussions of department

Responsible unit:

Management.

 

2. B1.2 Timely decision making

Scope of the indicator area:

In this indicator area there are three sub-items. The indicators are developed in
accordance with the new YTV guides. The indicators are tracked by the duration of
decisions prepared in STUK by following classification:

a. A portion of decisions made by STUK within one month from all decisions.

b. A portion of decisions made by STUK within a period from one month to three
months from all decisions.

c. A portion of decisions made by STUK in the time more than three months from
all decisions.

Purpose of indicators:

The purpose of the indicator is to track the duration of YTO’s document handling.

Source of data:

The information for the indicators is collected from database YTR. The annually sent
decision letters are used as reference term of the search.

Responsible unit:

Management.

 



1. B1.3 Maintenance of regulations

Scope of the indicator area:

The indicator is calculated according to the
Guide YTV 3.1 and compared with the
Annual Action Plan. The indicator prefers to
evaluate the amount of work instead of the
final completion.

Distribution of work amount (formation of
added value) in different draft and
preparation stages:

Assessment of updating need; drawing up a guide preparation plan +5% � 5%

Draft 1 drawn up by the Task Force +45% � 50%

Draft 2 drawn up by the Task Force (internal comments taken into
account)

+20% � 70%

Draft 3 drawn up by the Task Force (external comments taken into
account)

+10% � 80%

Approval by the departmental meeting, document technical and
legal review conducted

+5% � 85%

Draft 4 drawn up by the Task Force (request for comments sent to
the Advisory Committee)

+5% � 90%

Comments of the Advisory Committee taken into account +5% � 95%

Approval of the STUK Management received (JL, AN, LR/TVa),
Guide completed

+5% � 100%

Performance indicator is calculated in the
following manner by using these
percentages as weights (it has been assumed
that the Annual Action Plan - just as it does
at the present - includes targets for the
assessment of updating needs, for Guides
that are to be drawn up to stage "draft 1" and
for Guides that are about to be completed):

S= {ΣΣΣΣ Qi/q x 5 + ΣΣΣΣ Pi/p x 50 + ΣΣΣΣ Ki/k x
100} / n 

where (weights as presented above),

Qi = 5 x number of Guides, whose



updating need has been assessed

q = number of Guides, whose updating
need has to be assessed (target)

Pi = number of Guides x weight (5 or
50), from which a plan or draft 1 as been
drawn up

p = number of Guides, from which
draft has to be drawn up (target)

Ki = number of Guides x weight (5,
50,…,100) in accordance with the
preparation stage

k = 100 x number of Guides, which has
to be completed (target)

n = number of different objective
levels, here 3.

Purpose of indicators:

The purpose of the indicator is to track the
effectiveness and follow-up of schedules as
well as commitment to the guide updating
within YTO.

Source of data:

The necessary information to
calculate the indicator is gathered from the
annual plan of the YVL guides and from
preparation status of individual guides.

Responsible unit:

Co-ordinator for Rule making.

 

2. B1.4 Execution of the Periodical
Inspection Program

Scope of the indicator area:

Indicators are divided in four sub-items. The indicators cover the following three
utility-specific items:

a. A proportion of annually performed inspections from all inspections of the
Periodical Inspection Program

b. A proportion of inspections performed during planned inspection month from all



inspections of the Periodical Inspection Program

c. A proportion of performed inspections from all inspections of the Periodical
Inspection Program where the inspection memorandum has been prepared
within one month according to the Guide YTV 4.1.

Purpose of indicators:

The purpose of the indicator is to track and supervise the execution of the annual
plan of the Periodical Inspection Programme.

Source of data:

The data for indicators is collected from the inspection protocols and memorandums
of the Periodical Inspection Programme. A systematic approach of collecting
information has to be developed in connection with commissioning the new
Periodical Inspection Programme.

Responsible unit/person:

Operational safety (KÄY) / KTO Co-ordinator

 

1. B1.5 Steering of contracted safety
research

Scope of the indicator area:

A proportion of research memorandums
prepared within one month from all prepared
research memorandums required by the
Guide YTV 8.1 is used as the indicator.
Other indicators representing contracted
safety research are being developed.

Purpose of indicators:

A purpose of the indicator is to track the
fulfilment of the requirements specified in
the YTV Quality Manual.

Source of data:

The data for the indicator is collected from
the database TTR concerning contracted
safety research.

Responsible person:

Co-ordinator of contracted safety
research.

2. B1.6 Actions in abnormal operating



events

Scope of the indicator area:

Fulfilment of obligations in compliance with the YTV 4.6 is used as the indicator
concerning among other things the following YTO operations:

• communications with the utility

• immediate reporting to the department’s management and in needed extent to
the rest of the department

• initiation of the emergency response if necessary

• reporting to TYK and drafting of a press release

To define the indicator, the YTO’s operations are assessed on a scale from 0 to 1 and
the average of these values is calculated. The results of communication experiments
and indicators describing participation in emergency preparedness exercises are
being developed.

Purpose of indicators:

The purpose of the indicator is to track execution of YTO’s actions in abnormal
operating events. 

Source of data:

The data for indicators is collected from event memorandums prepared in STUK and
from minutes of the departmental meetings. The data (success) that is needed to
calculate the indicator, is evaluated right after the event. The indicator is formed on
the basis of self assessment.

Responsible unit:

Operational safety (KÄY)

 

1. B2 Resource management

 

1. B2.1 Resources for regulatory control
of nuclear safety

Scope of the indicator area:

Distribution of work hours at different action areas within YTO is followed as the
indicators:

a. regulatory control

b. administration



c. contracted services

d. maintenance and development of professional knowledge and skills

e. other obligations

Purpose of indicators:

The purpose of the indicators is to track an allocation of human resources within
YTO. By the means of the indicator, a focus of YTO operations can be followed and
directed.

Source of data:

The data for indicators is collected from STUK’s working hour reports.

Responsible unit:

Management.

 

1. B2.2 Distribution of work load

Scope of the indicator area:

The indicator is composed of two factors:

a. the proportion of overtime hours and cut working hours of the follow-up balance
from the total working hours

b. the proportion of the staff members whose working hours have been cut more
than twice a year from the entire personnel.

Purpose of indicators:

The purpose of indicators is to track sufficiency of normal working hours and
distribution of work load among personnel.

Source of data:

The data for indicators are collected from working hour balances.

Responsible unit:

Management.

 

1. B3 Regeneration and ability to work

 

1. B3.1 Maintenance of YTV Quality
Manual



Scope of the indicator area:

The amount of work used for maintaining the YTV Quality Manual is followed by
the means of a indicator, which compares the amount of performed work to the total
amount of work assumed by the Annual Action Plan of the department. In order to
assess the amount of performed work, the completion rates and ratings of the guides
have been chosen as follows:

• preparing a new draft guide to a stage, where it can be sent to an internal review
round � completion rate 50% � rating index 50

• completion of a new guide from the aforementioned draft stage � completion
rate 100% � rating index 50

• small-scale review of an old guide and its completion � completion rate 100%
� rating index 50

• extensive review of an old guide and preparing it to a draft stage, where it can be
sent to an internal review round � completion rate 50% � rating index 50

• extensive review of an old Guide and its completion from the aforementioned
draft stage � completion rate 100% � rating index 50

• translation of a YTV-Guide into English by using department’s own human
resources � completion rate 100% � rating index 50.

The indicator describing the maintenance of the YTV Quality Manual can be
calculated by dividing the cumulative rating index at a moment of review by the
cumulative rating index calculated according to the Annual Action Plan.

Purpose of indicators:

The purpose of the indicator is to track efficiency and compliance with the targets for
updating internal guides within YTO.

Source of data:

The data for indicators are collected from the Annual Action Plan of the YTV guides
and from the follow-up of their execution.

Responsible person:

Management

1. B3.2 Implementation of development
projects

Scope of the indicator area:

A proportion of the completed/progressed
development projects from all development
projects specified in the Annual Action Plan
is used as indicator. The indicator is formed



on the basis of self assessment.

Purpose of indicators:

The purpose of the indicator is to track
execution of development operations within
YTO.

Source of data:

The data for indicators are collected from
the Annual Action Plan and from the Annual
Outcome Report of YTO.

Responsible unit:

Management

 

2. B3.3 Implementation of training
program

Scope of the indicator area:

Implementation of the training programme
attached in the Annual Action Plan is used
as indicator. The indicator is formed on the
basis of self assessment on a scale from 0 to
1.

Purpose of indicators:

The purpose of indicator is to track
implementation of training operations.

Source of data:

The data for indicators is collected from the
Annual Action Plan and from the Annual
Outcome Report of YTO.

Responsible person:

Training manager.

 

3. B3.4 Work satisfaction

Scope of the indicator area:

Results of enquiry of work satisfaction barometer performed in the department are
followed as the indicator. Four elements are followed as indicators on the department
level:



a. contents of work

b. leadership

c. operability of work community

d. possibilities to develop personal knowledge and skills

Purpose of indicators:

The purpose of the indicator is to track a progress of work satisfaction.

Source of data:

The data for indicators is collected from work satisfaction enquiries. Determination
of the indicator in connection with outcome discussions requires, that enquiry is
scheduled to right after turn of the year.

Responsible unit:

Human and organisational factors (INH)

 

1. B3.5 Implementation of values

Scope of the indicator area:

Development of department’s organisational culture is used as the indicator.
Assessment is based on enquiry, in which the personnel is asked to evaluate, on a
scale from 0 to 1, implementation of seven values defined by YTO for the practical
work. Result is presented separately for each value as the average of department.

Purpose of indicators:

The purpose of indicator is to track the progress in department’s values.

Source of data:

Enquiry is carried out in connection with work satisfaction enquiry.

Responsible unit:

Human and organisational factors (INH)
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Abstract

PIs for Korean nuclear power plants were developed through a government funded project in 1997 by
KINS with the cooperation of the Korea Electric Power Corporation (KEPCO). The PIs, currently used
after one year trial application and modification, are composed of 8 indicators for PWR plants. The 10
years trend graphs of each indicator from 1990 to 1999 are presented and trend analysis of PIs in three
different ways including average values of all PWRs, of different reactor capacity groups and of different
reactor supplier groups are shown.

 

introduction

Many operating organizations, regulatory bodies, and international organizations have developed and
used performance indicators for the quantitative assessment of NPP operation. The performance
indicators can be used to monitor and to gain perspective on performance and progress of a nuclear
power plant. The PIs also provide an indication of the possible need to adjust priorities and resources to
achieve improved performance.

The importance and usefulness of performance indicators were recognized also in Korea and PIs for
Korean nuclear power plants were developed through a government funded project in 1997 by KINS with
the cooperation of the Korea Electric Power Corporation (KEPCO). The PIs, currently used after one year
trial application and modification, are composed of 8 indicators for PWR plants. Separate set of PIs for



CANDU reactors are under development because CANDU reactors have different characteristics with
PWRs and relatively less operating experience than PWRs in Korea. The project for development of
CANDU PIs will be completed in the end of 2000.

This paper contains brief definition of each indicator with its background, 10 years trend graphs of each
indicator from 1990 to 1999 and the analysis of the trend graphs. The trends of PIs are illustrated in three
different ways including average values of all PWRs, of different reactor capacity groups and of different
reactor supplier groups. Three reactor capacity groups are 600 MWe group (2 units), 900 MWe group (6
units) and 1000 MWe group (3 units). Westinghouse (6 units), Combustion Engineering (3 units) and
Framatome (2 units) are three reactor suppliers.

Definition of PIs

1. Unit Capability Factor (UCF)

This factor reflects how efficiently the plant has been operated and maintained. It is defined as the
ratio of actual electricity generated to the plant's design capacity for a given period, expressed as a
percentage.

� Formula

actual electricity generation

(MWe- hour/year)

UCF = ----------------------------------- x 100 %

plant design capacity(MWe) x time (hour/year)

* If the UCF is greater than 100%, the UCF is considered as 100%

� Background

Since the unit capability factor is an important indicator for assessing the effective operation and
maintenance, this factor was selected as a specific indicator to evaluate the stability of a plant.
There can be a little difference between the design capacity and the maximum capacity which
may make UCF greater than 100%. To make this indicator more reasonable, the plant design
capacity will be replaced with the maximum generation capacity in the near future.

2. Unplanned Outage Rate (UOR)

This indicator is defined as the ratio of the reactor subcritical time caused by unplanned occurrences
to the summation of reactor critical time and subcritical time excluding planned outage.

� Formula

unplanned outage time

UOR = ---------------------------------- x 100 %

(reactor operating time) + (unplanned outage time)

* Planned outage period for scheduled refueling and maintenance is not included.

� Background



Reactor criticality is used as a criterion to determine the unplanned outage rate because the
incident reporting criteria of Korea defines reactor outage based on reactor criticality rather than
the connection to grid.

3. Unplanned Scrams for Critical Period (USCP)

This indicator is defined as the number of unplanned automatic scrams (reactor protection system
actuations) during critical period.

� Background

Manual scram for maintenance and scram that is planned to occur as a part of test (e.g., a
reactor protection system actuation test) are not included.

4. Safety System Actuation (SSA)

This indicator is defined as the summation of the number of safety system actuation and the number
of automatic actuation of emergency diesel generator.

� Background

Both manual and automatic actuation of safety system are included. Planned actuation for a test
is not included and multiple actuations due to a single signal are considered as one actuation.

5. Primary System Boundary Integrity (PSBI)

This indicator is defined as the average unidentified leak rate from the Reactor Coolant System as
defined in the Technical Specifications of the plant. Only the average value of the leak rate during full
power operation is considered. The unit is m3/hr.

� Background

The trend of the unidentified leak rate is considered to represent indirectly the integrity of major
equipments and the piping in primary system pressure boundary.

6. Fuel Reliability (FR)

This indicator is to monitor plant progress in achieving and maintaining high fuel integrity, and to
foster a healthy respect for preservation of fuel integrity.

� Formula

FR = �(A131)N - (k) x (A134)N�x �(Ln/LHGR) x (100/Po)�1.5

(λ131 + Ba)

(A131)N = (A131)actual x -------------------

(λ131 + Bn)

(λ134 + Ba)

(A134)N = (A134)actual x---------------------



(λ134 + Bn)

where,

(A131)N : I-131 activity (Bq/g or µCi/g)

(A134)N : I-134 activity (Bq/g or µCi/g)

k : the tramp uranium correction

coefficient (a constant with a value of

0.0318)

Ln : the linear heat generation rate (kw/m)

LHGR : the average linear heat generation rate (kw/m)

Po : the average reactor power (%)

Ba : the reactor coolant purification rate (second-1)

Bn : a common purification rate constant (second-1)

λ131 : the decay constant of the I-131 (second-1)

λ134 : the decay constant of the I-134 (second-1)

� Background

WANO's calculation formula is selected and the calculation is based on the radioactivity of I-131
in the reactor coolant.

7. Radiation Collective Dose (RCD)

This indicator is to monitor the efforts to minimize total radiation dose at each facility and to measure
the effectiveness of the radiation protection program which minimizes radiation dose to plant
personnel. The unit is man-rem or man-Sv.

� Formula

total plant radiation collective dose

RCD = --------------------------------------

number of units in plant

� Background

This indicator reflects the total external whole-body dose received by all site personnels including
contractors during a given period. For multi-unit stations that do not track radiation collective dose
separately for each unit, unit values are estimated by dividing the station data by the number of
operating units at the station.



8. Low-Level Solid Radioactive Waste (LSRW)

The volume of solid radioactive waste indicator is to monitor the progress toward reduction of the
volume of waste generated. The unit is the number of 200 L (55 gal) drums generated a year.

� Background

The amount of solid radioactive waste is counted by the number of drums managed by the
licensee. For multi-unit station that does not track solid radioactive waste separately for each unit,
unit values are estimated as dividing the station data by the number of operating units at the
station. This allows more meaningful comparisons among single and multi-unit stations. The
volume of radioactive liquids and gaseous effluents are not included.

Review of Performance Indicators for Last 10 Years

The trends of all 8 developed performance indicators using the performance data of operating nuclear
power plants from 1990 to 1999 are shown in chapter �. The graphs are in three categories. In the first
category (Fig. 1) each graph shows 10 year trend of performance indicators averaged over all operating
PWR plants. In the second (Fig. 2) and third (Fig. 3) categories, the performance indicators are averaged
over three reactor capacity groups and three reactor supplier groups respectively. The trend of each PI
and the unusual values in the PI graphs are explained in this chapter.

1. Unit Capability Factor

The unit capability factor of Korean NPPs continuously increased from the year of 1988, and has
maintained high levels, over 80%, since 1991. It shows that all of the operating nuclear power plants
have been operated at stable states. We can notice that the stable trend was maintained even after
1995 when the CE type NPP, Yonggwang unit 3, started commercial operation. (Fig. 1)

The unit capability factor for the CE type reactors maintained high levels in 1995, but then dropped
sharply below average in 1996, because of the decrease in the unit capability factor of the
Yonggwang unit 4 which started commercial operation in 1996 and experienced more unstable
condition at the initial stage of commercial operation than Yonggwang unit 3. (Fig. 2)

A noticeable result in the unit capability factor analysis is that the unit capability factor of Framatome
type reactors are higher than those of Westinghouse type reactors, as shown in the supplier group
averaged graph (Fig. 3). The overall increasing trend of the unit capability factor is evaluated as the
result of licensee's efforts to improve performance in operation and maintenance.

2. Unplanned Outage Rate

The increase of UOR in 1990 was caused by maintenance job to repair the damaged low pressure
turbine at Ulchin unit 2 from November 1989 to the end of January 1990.

Another increase in the unplanned outage rate in 1994 resulted from the long duration required for
maintenance and repair of the steam generator tube leak at Kori unit 1 from November 8, 1994 to
January 2, 1995.

It is certain that the major contributors to the increase in the unplanned outage rate are the combined
problems of the main generator and turbine which are parts of the secondary system. These
problems happened in both Ulchin units 1 and 2 which were in the initial stage of commercial
operation in 1990 and in Kori unit 1 which has relatively longer operating years.

Increase of UOR in 1999 was caused by a series of reactor shutdowns (4 times) at Yonggwang unit 2



in March.

3. Unplanned Scrams for Critical Period

The average shutdown rate of more than 3.0/reactor year in 1990, was a direct result of the aging
effects of the instrument and control system in Kori unit 1. Four shutdowns of Kori unit 4 in 1992 and
three shutdowns of Kori unit 3 in 1993 were the major contributors to the increase of shutdown rate.

In 1997, Framatome type reactors, Ulchin units 1 and 2, showed high shutdown rates because of
reactor shutdowns by natural phenomena such as falling down of a transmission tower due to heavy
snow and strong storm, inflowing of swarms of shrimp into intake, and so on.

Four successive reactor shutdowns at Yonggwang unit 2 contributed the increase of shutdown rate in
1999.

However, overall trend of shutdown rate was evaluated decreasing because of licensee's continuous
efforts to improve the performance of equipments and quality of operators.

4. Safety System Actuation

The highest average of safety system actuations of all NPPs was recorded in 1990, due to one
actuation of safety system and three abnormal starts of the emergency diesel generators at Ulchin
units 1 and 2. The actuation of the safety injection signal was initiated by a malfunction of the MSIV,
and the starts of the emergency diesel generators were caused by the failure of a disconnect switch
on the 345kV Bus.

In 1996, emergency diesel generator started two times at Yonggwang unit 1 and one ESF acuation
signal was generated by carelessness of test personnel at Yonggwang unit 3.

There were one ESF actuation signal and one abnormal diesel generator start at Yonggwang unit 2 in
1999.

5. Primary System Boundary Integrity

The unidentified leakage rate through the primary system boundary indicates a decreasing trend.
That is evaluated to be the result of the licensee's maintenance efforts to prevent potential leakage.
The decrease of the leak rate in CE type reactors, Yonggwang units 3 and 4, indicates that the overall
systems have become more stable since they began commercial operation.

6. Fuel Reliability

The Iodine concentration peaks in 1992 and 1993, which represent low fuel reliability, were the
results of fuel damages in Kori unit 2. After the replacement of the damaged fuels, the overall fuel
reliability returned to normal levels.

7. Radiation Collective Dose

The trend of radiation collective dose for the last 10 years shows a decreasing trend in general due to
the improvement of the radiation protection management program.

Fuel defect at Kori unit 2 affected the increase of collective dose in 1992 and 1993. RCP
maintenance jobs at Kori units 3, 4 and at Yonggwang units 1, 2 were the contributor of the increased
radiation collective dose in 1995.



Steam generator replacement job at Kori unit 1, which is the oldest NPP in Korea, was the major
reason of increase in 1998.

8. Low-Level Solid Radioactive Waste

Over all trend of solid waste generation for the last 10 years indicates a decreasing

trend. However, solid wastes generated during the repair of the steam generator tube leak of Kori unit
1 in 1990 and the decontamination following a contamination event in a controlled area of Kori unit 1
in 1995 caused the increase of this indicator. Steam generator replacement job at Kori unit 1 in 1998
also increased the generation of solid waste.

Discussions

The PIs have been used as a quantitative measure of performance trend for Korean nuclear power plants
and the performance trend and analysis of it have been published as an annual report since their
development.

However, the PIs were not used for direct regulatory purpose because current PIs have limitations.

With the 3 years experience and increasing demand of public for the information on the safety
performance of nuclear power plant, discussions on improving PIs are carefully undergoing in Korea.
Topics include completeness of PIs, regulatory applicability, PIs for different reactor types, international
cooperation and public open through internet etc.
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Appendix: Illustration of PIs

(1990 � 1999)

Fig. 1. Average Trend of Each Indicator





 

 

 

 

 

 

Fig. 2 . Trend of Indicators Categorized by Reactor Capacity





 

 

 

 

 

 

 

Fig.3. Trend of Indicators Categorized by Reactor Supplier
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Abstract

This paper describes the work being performed by CSN (Nuclear Safety Council) and the Utilities
(UNESA) to develop a new system of Performance Indicators (PI) for the regulator and the Spanish
Nuclear Power Plants (NPP´s).

For the last six years, the CSN has been using the 8-indicator Nuclear Regulatory Commission (NRC) PI
system. However, some reasons have recently promoted a review of the Spanish system and the starting
up of a new development.

To meet these objectives, an ad hoc working group, made up of representatives of CSN, Utilities and
CIEMAT as technical support, has been formed.

Up to now, the main activities carried out by the working group involve: (1) a definition of criteria for
selecting indicators, (2) a review of main performance indicator systems currently in use in different
countries and organisations, (3) a proposal of a suitable set of indicators for the Spanish NPP´s and
regulator and (4) a proposal of definitions and calculation algorithms for each indicator.

A description of all these activities and those still under development is presented here.

 

introduction

Since 1994 the CSN has been using the NRC 8 - performance indicator system.

For the last six years, the CSN has been collecting data and calculating the 8 indicators for the Spanish
NPP´s. Since 1996 CIEMAT has been the contractor that gathered and processed the PI data, developed
the software and prepared the annual report of Performance Indicators.

As most of the Spanish NPP´s have the same technology as the US NPP´s, this system allowed CSN to
take advantage of the experience already gathered by the NRC in the use of the indicators and the
possibility of making comparisons between PI results.



The CSN annual PI report which brought together the Spanish and US results has been very useful in
order to identify significant deviations in performance.

Figure 1, included in Appendix 1, shows the CSN and NRC PI results for this 6-year period. As can be
seen there, some indicators (e.g. Significant Events or Safety System Failures) show differences in
performance while other (e.g. Collective Radiation Exposure) are very similar. The comparison of results
allowed, in some cases, the identification of the causes of the differences in some PI results.

However, the NRC has recently changed their whole oversight process and, since April 2000, a new PI
system is being used at the US Nuclear Power Plants.

Without data to make comparisons, the NRC PI system loses part of the interest for the CSN. Besides
this reason, some indicators of the current CSN system are considered subjective or not risk significant.
This is the case, for example, for the Significant Events and the Cause Code Indicators respectively.

These facts have motivated the development of a new system of indicators for the Spanish NPP´s and
the regulator.

It is worthy mentioning that this development is in agreement with an international tendency to review the
plant safety measurement tools used by regulators and licensees, shown by the increasing number of
international conferences and workshops that include this topic.

The paragraphs below describe the steps already followed to develop the new system of performance
indicators in Spain and the scheduled activities until the implementation of the system in the whole
Spanish industry.

 

DEVELOPMENT OF A NEW SYSTEM OF PERFORMANCE INDICATORS

 

The reasons that have promoted this new development can be summarised in two: (a) the need to define
more objective and risk significant indicators and (b) the changes of the NRC PI system that prevents the
comparisons of PI results.

Representatives from CSN, Utilities and CIEMAT have formed a working group to carry out this
development.

This makes a significant difference with the process followed six years ago, when the former system of
indicators was implemented. While then the decision was taken by the CSN, now a consensus between
licensees and regulator is desired.

This working group has already carried out the following activities: a definition of objectives and criteria, a
review of the current PI systems and the preparation of a draft proposal of indicators.

All these activities are detailed below:

1. Objective Definition

The objective of this development is the design and implementation of a new system of Performance
Indicators for the Spanish NPP´s and the CSN with the following characteristics:

∗ The performance indicator system should cover three significant areas of safety: Stability of Operation,



Reliability of Mitigating Systems, Barrier Integrity and Radiological Impact.

∗ The annual report that contains the results of the indicators must be open to the public. This implies a
significant difference with the current PI system which results were only for CSN internal use.

∗ The new system should allow its integration into future international programs.

 

2. Criteria Definition

The working group has established the criteria that indicators should fulfil in order to reach the defined
objectives. They have been proposed taking into account the previous experience with the former system
of indicators.

Thus, in the new proposal, the indicators should meet the following criteria:

• To be significant for the plant operational stability and plant risk.

• To be objective and not redundant (the same event should not be counted in more than one
indicator).

• To be obtained with information already available at the plants.

• The results of the indicators must be open to the public.

• A reduced number of indicators should be defined.

• The indicators must be easily understood by the public.

• The indicators should allow the establishment of trends.

• Some of the indicators should belong to international PI systems in order to allow comparisons
and the tracking of historical trends of results.

• The PI should be opened to be integrated into international programs.

• The indicators should be not susceptible to tampering.

Some of these criteria were already met by indicators of the current system so their inclusion in the new
proposal could be considered.

3. Review of current PI systems

 

Once the objectives and criteria were established, the working group proposed the review of the main PI
systems currently in use, in order to identify those that could fulfil the criteria.

International and National systems of indicators (such as WANO, NRC, NUPEC, EU, EDF, etc.) have
been reviewed and discussed in the working group.

This activity showed that many countries use PI and some of them are present in almost every system.



Some differences appear related to the period of calculation or the scope of the indicators.

Based on this review it was possible to identify some indicators that fulfil the established criteria. Some
examples are: The Unit Capability Factor (WANO) or the SCRAMS indicator which have been included in
the new system.

 

4. Draft Proposal of Performance Indicators

Taken into account the defined objectives, the proposed criteria, the Performance Indicator systems
currently in use in another countries and the own experience of performance of the Spanish plants, the
working group prepared a draft proposal with 12 indicators grouped in four Areas of interest.

Although a summary of the indicators is included in appendix 2, a brief description of the new PI system is
detailed here.

The draft proposal includes the following indicators:

AREA 1: Stability of Operation

This area is covered by four indicators related to plant performance.:

• Unit Capability Factor

• Number of SCRAM´s/7000 critical hours

• Number of Non Scheduled Shutdowns (excluding SCRAMS)

• Number of Forced Safety Systems Actuation

AREA 2: Reliability of Mitigation Systems

Two indicators that inform about the reliability and availability of the mitigation systems are included in
this area:

• Safety System Failures

• Safety System Unavailability

The Safety Systems considered for each reactor design are as follows:

PWR. BWR

Emerg. AC Power
system

Emerg. AC Power
system

HPSI HPCI/HPCS

RHR IC/RCIC

AFW RHR



 

AREA 3: Barrier Integrity

This area has two indicators that give information about the integrity of the barriers:

• Reactor Cooling System (RCS) specific activity

• Reactor Coolant System Identified Leakage Rate

AREA 4: Radiological Impact

This area includes three indicators that inform about the radiological impact to workers (personnel and
contractors). The indicators are:

• Collective Radiation Exposure

• Volume of low and medium level solid radioactive waste

• Activity of liquid radioactive release

• Activity of gas radioactive release

 

At this point it might be worthy highlighting the differences of this new proposal with the current 8-
indicators system. The new proposal has the following characteristics:

• The results of the indicators will be open to the public. The current 8-indicator system is not open
to the public. To now, licensees submitted data to CSN, an annual PI report was delivered with
the PI results and the results were only for CSN internal use.

• All the indicators included in the new proposal are related to safety systems or they are risk
significant (all the indicators belong to a safety relevant area).

• The new system contains indicators of international use that will allow comparison and historical
track of the results.

• The indicators are objective.

• The calculations will have an annual base in accordance with many other PI systems.

 

NEXT ACTIVITIES

The definitions and calculation algorithms for each of the 12 Performance Indicators included in the draft
proposal are now under discussion and development.

The working group is also involved in the definition of the following activities and specific tasks of the
development. A brief outline of the schedule is as follows:



• development of a specific software to collect the data and obtain the new PI results,

• design and performance of a pilot experience with the participation of two Spanish NPP´s,

• analysis of results and lessons learned from the pilot experience,

• implementation of the new PI system in the whole industry.

A detailed description of these next activities is included:

1. Development of a specific software

The new system of indicators requires a specific software that simplifies data collection and indicator
calculation. The development of this new software package involves the following tasks:

• Detailed definition of the required technical specifications.

• Design and implementation of database structure, calculations, desired outputs, etc.

• Software review after pilot experience in order to include proposed improvements.

2. Pilot Experience

Prior to the implementation of the proposed system of indicators in the whole industry, a pilot experience
should be performed in order to check the availability of data, the suitability of scope and calculation
periods defined for the indicators, the performance of the software, etc.

In a recent meeting of the working group it was proposed that two NPP´s participate in this pilot
experience, one BWR type and one PWR type.

Although this activity is still under development, two tasks can be outlined:

• Pilot experience design: during this task two pilot NPP´s will be selected and the main steps for
the implementation of the draft PI system will be defined.

• Implementation: the new PI software will be installed at the pilot plants and supporting meetings
will be hold to solve issues related to data compiling, indicator calculations or software problems.

3. Analysis of results

The insights gathered during the pilot experience and the results of the PI obtained after the
implementation of the new system of indicators in the pilot plants would allow the improvement of the new
system of indicators.

A report will contain the main results and lessons learned from the pilot experience. The definitions,
calculations, and the scope of the indicators will be reviewed and a final proposal of the system will be
delivered.

4. Implementation in the whole industry

As the starting up of this activity is strongly dependent on the ending dates of previous steps, it has not
been scheduled yet. However, it is expected that the new system will be operative at the end of 2001.



CONCLUSIONS

Although the work presented in this paper is still under development, some conclusions can be given in
advance.

Firstly, the collaboration between regulators and utilities in the development of the new Spanish PI
system allows to achieve results agreed by consensus and profitable for both. The participation of
CIEMAT adds the necessary technical support to carry out this new development.

The new PI system is designed to be objective and risk significant and contains indicators that could be
integrated into international programs. Also, it is important to highlight that the results of the new PI
system will be open to the public.

Finally, in a wider perspective, the new PI system presented in this paper could serve as the basis for the
definition of an international system of performance indicators for the regulator.
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APPENDIX 1

Figure 1: ANNUAL INDUSTRY (CSN AND NRC) PERFORMANCE INDICATORS AVERAGES

(1999: only 3 quarters



Collective radiation exposure 1999: only 2

quarters)



 

APPENDIX 2

 

Future Performance Indicators of Spanish NPP



PERFORMANCE INDICATOR AREA

Unit Capability Factor (%)

Non scheduled shutdowns/year (excluding SCRAMS)

SCRAMS/7000 critical hours (auto + manual)

Non scheduled Safety System Actuation (1) /year

 

PERFORMANCE STABILITY

Safety System Failures(2) / year

Safety System Unavailability / year

RELIABILITY OF MITIGATING
SYSTEMS

RCS Activity (% TS limit)

RCS Identified Leakage (% TS limit)

BARRIERS INTEGRITY

Collective Radiation Exposure (Sv-year)

Volume of Low and Medium Level Solid Radioactive
Waste (m3/year)

Activity of Gas Radioactive Release (GBq/year): Total w/o
Tritium/ Tritium

Activity of Liquid Radioactive Release (GBq/year): Noble
gas/Halogens/Particles/Tritium

 

 

RADIOLOGICAL IMPACT

(1) Safety System Actuation: It is counted as long as the challenged System fulfils its function: to inject
water, to supply power.
(2) The Safety Systems considered vary at different reactor design:

PWR. BWR

Emerg. AC Power system Emerg. AC Power system

HPSI HPCI/HPCS

RHR IC/RCIC

AFW RHR
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Abstract

Safety performance indicators provide a very useful tool for monitoring operational safety of a nuclear
power plant. Utilities in many countries have developed plant specific indicators for the assessment of
their performance and safety. Regulators can make use of some of these indicators for their regulatory
assessment. In addition to these regulatory bodies in some countries have also developed programs for
the formulation of safety performance indicators which are used in monitoring operational safety and
regulatory decision making. Realizing its usefulness Directorate of Nuclear Safety and Radiation
Protection (DNSRP-the regulatory body in Pakistan) has also initiated a country specific program for the
development of Safety Performance Indicators (SAFPER) based on data provided by the utility and that
collected during the course of regulatory inspections. Selected areas of NPP operation to be monitored
are:-

• Significant events

• Safety systems performance

• Barriers integrity



• Environment protection

• Workers radiation safety and

• Emergency Preparedness

One of the objectives of this program is also to monitor the effectiveness of DNSRP regulatory activities.
IAEA framework is taken as one of the bases for our program. Safety performance will be assessed on
the basis of Performance Indicators and inspection findings. DNSRP program as shown in (Appendix-I)
includes the indicators in use and under development

introduction

The Pakistan Nuclear Regulatory Board (PNRB) was established in October 1994 and is responsible for
carrying out Nuclear Regulatory Functions in the country. Directorate of Nuclear Safety and Radiation
Protection (DNSRP) is the executive arm of PNRB, functional chart of PNRB is shown in Appendix-II.
DNSRP has been carrying out regulatory surveillance of the Chashma Nuclear Power Plant (CNPP)
during its design, construction and commissioning phases. The Karachi Nuclear Power Plant (KANUPP)
is also under regulatory surveillance. Routine regulatory inspections are carried out in addition to special
inspections. The Pakistan Nuclear Regulatory Authority Act (PNRA Act) which envisages PNRA as a
complete independent nuclear regulatory body in the country is in the final stages of legislative approval.

As the regulatory body (DNSRP) licenses the construction and operation of NPPs, develops, implements
and enforces the rules and regulations that govern nuclear activities, inspects facilities to ensure
compliance with legal requirements. It also stations inspectors at KANUPP and CNPP sites and
supplements their inspection activities with special inspections by the staff from the Headquarters at
Islamabad. After award of an operating license DNSRP’s statutory obligation is to require sufficient
information from the licensee to enable it to assure itself that adequate protection is being provided for the
health and safety of the public.

KANUPP was permitted to operate in early
‘70s without a formal license. This deficiency will be rectified when a revised full scope FSAR is
submitted, and a formal license issued. At present PNRB has issued a fuel load permit to CNPP which is
being commissioned. For the purpose of the Safety Performance indicator Program in Pakistan CNPP will
be taken into account after it starts commercial operation.

Current Program and Experience in the use of safety performance indicator program (SAFPER).

For the past many years KANUPP was using WANO indicators which are primarily performance based
indicators. As all of these indicators are not useful for the regulators, some other indicators have been
proposed and used from the regulatory point of view. In order to measure and monitor the operational



safety of KANUPP, DNSRP generated a trend data for the following indicators already in use. The data
has been taken from KANUPP Special Technical Reports on Safety Aspects of KANUPP Operation 1995-
1999.

Unplanned Scrams per 7,000 Critical Hours

Automatic Scrams/Trips While Critical.

The number of unplanned automatic scrams that occurred while the reactor was operating. (An automatic
scram is a condition under which the reactor shuts down automatically as a result of being programmed
to do so under certain conditions.) This results in thermal and hydraulic transients and represent
challenges to plant safety systems. The following data is reported

•the number of unplanned automatic and manual scrams while critical in the previous quarter

•the number of hours of critical operation in the previous quarter

The indicator is determined using the values for the previous four quarters as follows:-

value =

(total unplanned scrams while critical in the previous 4 qtrs) 7,000 hrs

(total number of hours critical in the previous 4 qtrs)

The value of 7,000 hours is used because it represents one year of reactor operation at an

80.0% capacity factor. If there are fewer than

2,400 critical hours in the previous four

 

 

 

 

quarters the indicator value is computed as

N/A because rate indicators can produce misleadingly high values when the denominator is small.
KANUPP remained shutdown for the first three quarters of the year 1999 and remained critical only for
1045.94 hours having 3 scrams out of which two were unplanned and one was planned.

Figure-1 shows that all the scrams are in the yellow band of Regulatory Response Band, This indicator
has provided a good correlation with plant performance in the past and is considered to be a leading
indicator of the more risk-significant indicators . In Figure-I the GREEN area indicates the acceptable
performance in the licensee respond band, WHITE indicates the acceptable performance in the Technical
Specification limits, YELLOW indicates acceptable performance in the Regulatory Response Band
exceeding Technical Specifications Limits, while RED indicates Unacceptable Performance and plant
performance is outside the design basis .

Unavailability of Safety System



The following KANUPP safety-related systems were chosen for monitoring

• Emergency Injection Systems

• Dousing Water Systems

• Emergency AC power

These systems were selected for the safety system performance indicator based on their importance in
preventing reactor core damage

or extended plant outage Figure-2 only shows the trend and not the indicator value.

 

 

 

 

 

Figure-2 a

Figure-2 b



Figure-2 c

Figure-2 d

 

This safety performance indicator can only be accurately and objectively measured by establishing safety
performance indicator values or the decision thresholds. In order to calculate the indicator value we have
to have the data for the following data elements:-

• Planned unavailable hours — These hours include time the train was out of service for
maintenance, or any other time equipment is electively removed from service and the activity is
planned in advance.

• Unplanned unavailable hours — These hours include corrective maintenance time or elapsed
time between the discovery and the restoration to service of an equipment failure or a human
error that makes the train unavailable.

• Fault exposure unavailable hours These are hours that the train was in an undetected, failed
condition

Unavailability =

Σ (Planned, unplanned, and fault exposure unavailable hours.)

 hours train required

The unit or station indicator value is the sum of the train unavailabilities for that system divided by the



number of system trains. To acquire this data we have to formulate a data entry form which chould be
utilized by the licensee for easier data entry. We are under the process of developing this.

 

Radiation Protection Program Effectiveness:

Occupational Exposure Control Effectiveness

The purpose of this strategic indicator is to monitor efforts to minimize total radiation exposure at the
facility. This parameter is a measure of the effectiveness of radiological protection programs in minimizing
radiation exposure to plant workers. Collective radiation exposure, is the total external and internal whole
body exposure determined by primary dosimeter (TLD or film badge), and internal exposure calculations.
Figure-3 a to f represent the trend of effectiveness of radiological protection program at KANUPP.

 

 

 

Collective Radiation Exposure.

The total radiation dose accumulated by KANUPP employees for the year 1999 is about 17% less than
the station dose of previous calendar year. Figure-3a

WANO KANUPP value is 2.04 man-Sv while median =1.00 manSv

Figure-3 a

Radiation Doses Internal to External



Ratio.

Figure-3 b

Due to the implementation of ALARA Program

major efforts have been taken to reduce the internal exposure due to uptake of Tritium. Figure-3b shows
the decreasing trend.

Number of Workers Receiving Doses above 20 mSv.

Figure-3c

The indicator indicates risk-informed dose criteria and encompasses events that represent a substantial
potential for exposure in excess of regulatory limits. Figure-3c shows a trend graph for the period 1994-
1999. In 1999 Five persons received the annual dose greater than 20 mSv. Radiation doses received by
them in excess of 20 mSv will be compensated during next year to keep the average below the regulatory
limit during the current five year segment (1998 – 2002) in conformity with ICRP-60.

On-Power Entries into the Boiler Room

Figure-3d and Figure-3e show a good trend in the specific indicators for the period 1994-1999. During the
year 1999, two on-power entries were made into the Boiler Room. Five persons who were involved in
these entries received total dose of 1.24 Man-mSv consuming about 0.2 Man-hrs. The average dose per
worker per entry is 0.248 mSv.



Figure-3d

Figure-3e

It has now been felt that DNSRP must also develop safety performance indicator values (decision
thresholds) for Radiation Protection Effectiveness Program at KANUPP. Thresholds have to be identified
for the Required Regulatory Response Band or the Unacceptable Performance Band because the
indicators trends cannot be directly tied to risk data. These values will be important for prompt decision
from regulatory point of view. The available data is not sufficient for the required objective. Moreover the
data should be easily available to the regulatory body via the licensee or through inspections in a regular
and timely manner.

Public Health and Safety.



To assess the performance of the radiological effluent
control program this indicator shows the bases for protecting public health and safety from exposure to
radioactive material released into the environment as a result of NPPs operations. These releases include
routine gaseous and liquid radioactive effluent discharges,. The indicator uses as its bases, the dose
limits for individual members of the public specified in PNSRP Regulation-1990, which defines that doses
to members of the public from effluent releases be kept "as low as reasonably achievable" (ALARA).

Station Effluents

Figure-4 a to d show the trends in the radioactive releases into the environment. A good trend is observed
while looking at the trend graphs.

Figure-4 a

Figure - 4 b

Figure-4 c

Figure-4 d

Experience:-

It is found that there was a positive correlation between the performance levels as indicated by the
indicators and the DNSRP’s evaluations of the reactor, the observed trend of the safety performance
indicators also signifies the ageing of the plant. However the safety performance indicators are only one
of the tools, DNSRP uses to measure performance safety.



If plants safety performance indicators and other data
show a pattern of deteriorating safety performance an additional oversight and more intensive inspection
activity will be carried out by DNSRP. Since at present there is only one operating plant in the country a
comparison of safety performance trend cannot be generated. A comparative study with the other good
performer plants is thus suggested, This can be done by exchange of information on safety performance
indicators in the open International programs and projects.

Advantages of Safety Performance indicators :

• Accurately and objectively measures the safety performance of NPP in protecting the public
health and safety.

• Provide accurate and understandable safety performance information to the public and news
media.

• levels and trends of nuclear safety can be illustrated in a quantitative manner

• weaknesses at nuclear power plants can be identified.

• Trend result can be utilized for the allocation of resources in an effective and efficient manner.

• Regulators can develop inspection plans.

• to evaluate and develop its own supervision

• to develop co-operation between regulatory body and the utility

Limitations:

• The safety P.I. provide result in a more quantitative manner and in some instances does not
provide meaningful information.

• It has also been observed that there has been no concerted effort to verify the date for
completeness and accuracy.

In view of the above, some additional indicators to the current set of safety performance indicators has
to be considered to provide the management with a more objective basis for monitoring the safety
condition of a reactor. Apart from the performance safety indicators some regulatory effectiveness
indicators have to be dealt with for a complete picture of safety.



2. Regulatory Efficiency Indicators

Regulatory efficiency is a measure of the performance of the regulatory system which exists in a country
to assure the safety of the public and workers from nuclear activities. Achievement of Safety levels at
nuclear facilities is not an exclusive indicator of the Regulatory Body. There are various other factors
which are prerequisite of an effective Regulatory Organization eg.:-

1. Independent body-- the most important indicator of Regulatory Efficiency is if the regulatory body
has enough powers to make and implement its own decisions as for safety is concerned.

2. Well defined Safety Policies and Objectives.

3. Organization Size and Structure.

4. Allocation of Resources.

5. Trained Manpower.

6. Reliability

7. Internal Quality Assurance.

8. Some other possible indicators to assess the regulatory efficiency are:-

• The ratio of time spent on planned inspections to time spent on reactive inspections (should be
high).

• An average time from the identification of the poor results to the decision to update the regulation
or not to update the regulation, and further, to the issue of the revised regulation.

• Percentage of established changes within one year from the issue of new regulation.

• Number of safety issues not reported by the utility but discovered by the regulatory body.

• Number of non-conformances identified in event analysis but not discovered in inspections (not
discovered by the utility nor the regulatory body)

• Average number of rates in inspection protocols (non-conformances not discovered by the utility
but found by the R.B).

• Number of delayed corrective actions.

• An average time from results identification to the decision to update internal procedures and
further, to the issue of the revised regulations.

• Number of internal corrective actions to be taken after an incident.

• Number of changes in the regulatory statutory requirements after an incident.

Regional Nuclear Safety Inspectorate (RNSI) was established, at CNPP in 1994 and a resident inspector
has been stationed at KANUPP in 2000. The function of RNSI at CNPP was to perform the regulatory
activities during the design, construction and commissioning of CNPP. Figure-5 shows Regulatory



Inspection activities by RNSI at CNPP, Table I gives a better view.

Figure-5

DNSRP is now under way to perform full scale independent regulatory activities at KANUPP. At present
we do not have sufficient data for this indicator so that a meaningful trend can be generated. Appendix-II
only shows some findings by DNSRP inspectors and corrective actions taken by KANUPP during
regulatory inspections with special reference to Workers Radiation Safety. The inspection findings are
in conformation with the trend analysis of the safety performance indicator for Workers Radiation
Safety. It can now be concluded that the Regulatory Body in Pakistan is performing its responsibility in an
effective manner with the co-operation of the Management of the Utility.

2. Risk Indicators in use and under development

Risk indicators can be divided as:-

A. Public health and safety

a. barier integrity (indicator under development -UD)

Fuel cladding, reactor coolant system and containment should be designed as such to assure the
protection of the public from radionuclides, releases caused by events or accidents. These barriers
are important elements and the indicators to be measured are:-

• Reactor coolant system activity

At present we do not have data for this parameter.

• Reactor coolant system boundary

Primary charging system (CPH) Concentration of I-131 remained within limits for the period 1995-
1999 Table II shows the values for this period.

• Containment integrity

Containment leakage rate is measured once/2 years. In 1996 and 1998 it was 50.38% and
51.72% of the allowable Technical Specification limit at 2 psi.

a. control of exposure and radioactive materials (indicator in use)



• emergency preparedness (# of drills per year)

• radioactive material control (gaseous and liquid effluents in the environment)

• exposure control (occupational exposure

 

 

A. Safety Performance Margin

a. Operating challenges

• Unplanned Automatic Scrams (in use)

• Safety System Actuations (UD)

• Shutdown operating margins (UD)

• Unplanned operating transients (UD)

a. Mitigation Capability (UD)

• High risk significant SSC performance

C. Overall plant performance (UD)

• Plant Performance Trend (overall trend displays by color windows)

This can only be measured when a full scope Safety Performance Indicator data has been studied,
analyzed and assessed keeping in view the decision thresholds. At present we are not in a position to do
this evaluation.

2. Indicators for Organization Evaluation, Safety Culture Performance Indicator.

A good regulatory body has the capability to enhance safety culture and has to make sure that

• An open interface between the utility and the regulatory body should exist.

• Utility Management must not tolerate an atmosphere that accepts degraded conditions, rather,
than, establish the atmosphere of a high quality operating environment.

• The management must not take delayed decisions on whether or not equipment is operating as
required.

• Inadequate management oversight is considered to be a cause of adverse quality events, which
can also lead to operators and engineers not having sufficient knowledge of the design basis of
structures systems and components to recognize problems and take timely corrective actions.

• Number of senior management meetings to aid early intervention.



• Contractors safety culture – should be the responsibility of the utility but may be assessed by the
regulatory body

5 Indicators for regulatory usage:

It is a fact that not all the indicators developed by the utilities are useful for the regulators for regulatory
decision making, some of the indicators which can be of usage to them are:-

• number of equipment failures causing unavailability of the plant.

• Ratio of preventive maintenance actions to corrective maintenance actions.

• Ratio of corrective actions of the equipment specified in the technical specifications to the all
corrective actions.

• An average unavailability time of all failed equipment.

• Distribution of failures in different main systems.

• Number of human related common cause failures.

• Number of un-availabilities due to common cause failures.

• Number of common cause failures which do not cause unavailability of the equipment and
system.

• Number of multiple failure (same failure causes consequences in several equipment and
systems).

• Number of human single failures.

• Number of permits to deviate from the technical specifications.

• Collective radiation doses.

• Average of the ten biggest personal doses.

• Radioactive releases to the water in TBq.

• Radioactive releases to the atmosphere in TBq.

• Number of unsatisfactory utility functions noted in inspection protocols.

• Number of electric power reductions.

• Number of fire alarms

• Integrity of fuel elements (maximum activities of the primary circuit).

• Integrity of the primary circuit.



• Unidentified leakage in the primary circuit.

• Integrity of the containment (proportion of isolation values which passed the first leakage test).

• Operation of the reactors control room (statement-NRC ordered the Peach Botton Plant in
Pennsylvania to shut down in 1987 after finding that personnel in the control room were sleeping
on the job).

6 Opportunities and difficulties for exchange of information on safety performance indicator in
the open International programs and projects

Exchange of information on safety performance indicator among regulators has not been done in the past
due to the fact that we have not as yet formulated a well defined program in this area. We would like to
have an opportunity for the exchange of information on Regulatory Practices in other countries, specially
in formulating the indicator values and thresholds for a prompt evaluation of Nuclear Safety of a Plant. A
Peer Review in this area would be a good idea for exchange of information within the region.

7. Indicators in which the public may be interested:

From the public perspective it is the safety of the nuclear facilities that is their primary concern. It is the
performance and reliability of the engineered systems, the software and the licensee staff that together
with their processes operates and maintains the facility at an acceptable level of risk. Over the years the
only nuclear power plant in Pakistan has operated well within the safety limits. The operating personnel
have never been subjected to excessive radiation doses and adequate safety measures have remained
available to monitor and counter any potential hazardous situation.

INES constitutes a valuable service for the prompt reporting of incident to the media and public. Pakistan
joined the INES information system in 1994 and under its obligation is committed to the prompt
communication of the Nuclear Events significant for safety (level 2 and above) or significant for the public
interest (level 1 and above ).

A Pre-IRRT Mission was carried out in April 1997 to

• Review the written material

• Interviews with personnel and

• Direct observation of organization, practices and activities both at DNSRP and RNSI.

Recommendations and suggestions by the Mission were given for improvement.

The indicators of public interest in addition to the above are

• The annual average dose per worker

• environmental monitoring of both the possible routes i.e. gaseous as well liquid effluents.

DISCUSSION AND CONCLUSION

It is felt that the term Safety Performance Indicators may be termed as "SAFPER Indicators" to be used
by the Regulators, as it is clear from this presentation that utility safety performance indicators together
with the regulatory effectiveness indicators constitute the measure for the adequate safety to the public



and the environment. Additional research is still necessary for

• indicator definition for the proposed and under developed indicators

• data collection systems

• thresholds

• trend analysis

• goal setting (benefit from the trend can be enhanced only if meaningful goals and targets are
established)

• analysis of overall plant performance

• safety culture indicator (qualitative indicator)

Some of the indicators, like Sudden outages, unavailability of Safety Systems, Collective Radiation
Exposure, Station Effluents, are analysed under Operating Performance parameter of KANUPP Report
for the period 1994-1998.

As observed from the findings by DNSRP inspectors and corrective actions taken by KANUPP during
regulatory inspections Appendix-III and the trend analysis of the safety performance indicators for
Workers Radiation Safety (Figure 3) it can be concluded that the Regulatory Body in Pakistan is
performing its responsibility in an effective manner with the co-operation of the Management of the Utility.

It is concluded that the general trend observed during this study is expected from an old plant like
KANUPP. The encouraging aspect which matters for the Regulators is the trend observed for the
radiation dose internal to external ratio for the period 1994 to 1998. This ratio has started decreasing now
after doing some maintenance work. Another important parameter of safety concern is the number of
forced outages which have been decreasing from 1994 to 1998.

Kanupp is facing operational problems mainly due to its Ageing and some other maintenance activities.
These conditions can cause safety concerns that, if not appropriately addressed, would require the
licensee to shut down the plant.

This deficiency will be rectified to a large extent when the effort to produce a revised full scope PSAR is
complete, and a new license issued.
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Appendix-II

Functional Chart of PNRB



Appendix-III

RADIATION CONTAMINATION AWARENESS

Observation based on regulatory safety inspections

1996

The containment leak rate test was due on 10.6.1995 (tolerance time 4 months) but it was not performed
so far the test should be performed in the next long shut down.

Recommendation agreed.

RPT re-qualification of all radiation workers as per station policy had to be done after every two years
which was not observed during the inspection period.

Recommendation enforced.

1997

16 persons received doses more than 20 mSv and one received whole body dose of 36 mSv due to H3

environment about 70% of the dose received to workers is due to internal radiation

More stringent radiation protection measures should be adopted. Use of masks/respirators, reduction of
residence time in high radiation areas special effects should be made in the case of unskilled workers
exposed to internal uptake.

Recommendation/suggestion put into effect. Use of unskilled persons was minimised and regulated. They
should be supervised by a qualified plant personnel.

Radiation survey meters in the control room were calibrated in 1986 and in the Health Physics Division
the radiation monitors were last calibrated in 1996. Acc. to call up card calibration is required after every
three months.

Calibration should be done acc. to call up cards.

.

During the inspection, an increasing trend(40 times) of MPCa in the Boiler Room was noted.

It was also noted that the protective breathing suits have a reduction factor of about 150 which has
probably deteriorated with age.

Remedial action must be taken to reduce the MPCa to reasonably low level:-

Should look into the possibility of reducing H3 con. In the Boiler Room

Necessary measures should be taken to reduce the internal exposure of the workers.

KANUPP was asked to look into the procurement of more efficient protective suits



It was observed that, the TLDs of some radiation personnel working in mechanical sections were not
regularly changed and monthly exposure record of a number of workers was not available since the TLDs
issued to them were not regularly monitored on monthly basis

Personnel dosimetry of all radiation workers may be ensured on regular basis and upto date exposure
record should be maintained.

List of TLDs should also be updated

KANUPP informed that the record belonged to daily wages personnel generally or to employees who
have been transferred or posted.

KANUPP apprised DNSRP team that all KANUPP personnel are regularly trained/retrained(rec. March
’96) in the handling/protection from radiation. It was noted that operational personnel are more serious
towards the said training while the attitude of maintenance personnel to RPT looks never to be desired as
the failure rate is >50%

Should take vigorous steps so that all the workers are available to attend the course and should qualify
the same.

The management agreed to improve the situation

The absorbed dose record showed substantial difference between the readings of Direct Reading
Dosimeters (DRDs) and TLDs. This was attributed to irresponsible attitude of worker toward the use of
DRDs.

Eg. Ref. Case no 2627:

DRD showed 430 mRem

TLD showed 150 mRem during Sept.’97

This deficiency should be overcome through administrative measures and training of the workers. Quality
assurance of TLD system should also be ensured.

should ensure that the workers while entering the airlock areas wear the DRDs and TLDs simultaneously.

More efforts should be made in the maintenance of exposure record

The inconsistency in the two readings should also be removed

Scanning of personal dose records revealed that Mr. X had exceeded the 20mSv/year limit in November
1998. However he was deputed to perform dose intensive work on the fuelling machine in December
1998.

Keeping in view the ALARA principle such practice should be avoided.

 

 

 

 



 

 

 

TABLES

 

 

REGULATORY INSPECTIONS

# OF INSPECTIONS # OF FINDINGS

Construction & Installation Phase

• GSR-General Surveillance

• NPSR*-Control Point
Inspections

----

223

 

107

----

Manufacturing Phase:

• Record Point

• QA Inspection

32

~40

No finding

321

Audit Inspection 1 48

Commissioning:-

• J-Point *

• Random Surveillance

213

58

FLQs* 1808

EPLQs*

(Emergency Plan)

~108

Table I --- REGULATORY INSPECTIONS AT CHASHMA NUCLEAR POWER PLANT

NPSR - Notification Point Surveillance Report

J-Point - Joint Inspection (ie. In the presence of regulatory body)

FLQs - FSAR List of Questions

EPLQs - Emergency Plan List of Questions

 



 

 

Reactor Coolant System
Boundry

Primary Charging System
(CPH)

(Concentration of I-131)

January-
December

January-June June-July July-December

1995 <74 KBq/Litre

2 u Ci /Litre

   

1996 <111 KBq/Litre

3 u Ci /Litre

   

1997 < 74 KBq/Litre

2 u Ci /Litre

   

1998  < 74 KBq/Litre

2 u Ci /Litre

1.11 MBq/Litre

30 u Ci /Litre

2.59 MBq/Litre

70 u Ci /Litre

1999 < 3.7 MBq/Litre

100 Ci /Litre

   

 

Table-II --- REACTOR COOLANT SYSTEM BOUNDRY ACTIVITY

Note: Technical Specification limit = scanning of the system at 1 mCi/ litre

Shutdown of the plant at 5 mCi/ litre

 

 



Abstract

 

Even if, due to the development of an implementation program of standardised plant by an unique
operator, French Nuclear Power Plants are similar, since several years with an increase of Plant
responsibilities, differences in operation and ageing of NPP, it has been noticed an increase in disparities
between plants. This is the reason why the French Nuclear Safety Authority develops tools to evaluate
the performance of each nuclear plant.

This evaluation is performed every year on the basis of recorded data from the plant, results of inspection
and outage supervision and Safety related incidents or events declaration and analysis. The synthesis of
the evaluation is performed in a document called "monograph" for each NPP. The first part of this
communication will deal with the actual content of these monographs.

These monographs contains both quantitative indicators directly measured and qualitative information
about the plant. A good evaluation of the "safety level" of an operating plant, at given time, if it is possible,
will require the development of a complex set of indicators which have to be evaluated with an accurate
methodology. These methodology is stressed by the necessity to perform this evaluation frequently
(every year) with a minimum of resources. The second part of this paper will describe the structure and
principles of the set of indicators under development at the French Nuclear Safety Authority.

 

 

1. INTRODUCTION

 

The nineteen French Nuclear Power Plant in operation are equipped with standardised reactors designed
by the same vendor (FRAMATOME) and operated by an unique utility (EDF). The different series of
reactors are the following.

Power Series Number
of

reactors

Plants

900 MWe CP0 6 Fessenheim, Bugey

 CP1 18 Dampierre, Gravelines, Blayais, Tricastin

 CP2 10 Cruas, Chinon, St. Laurent

1300 MWe P4 8 Paluel, Flamanville, St. Alban

 P’4 12 Cattenom, Penly, Nogent, Belleville,
Goldfech

1450 MWe N4 4 Chooz, Civaux

Table 1 : French nuclear power plants



 

 

Despite the standardisation of the French Nuclear power reactors, differences have been introduced in
the design of systems and equipment. The evolution of safety requirements and risk reduction programs
have led to system modifications and improvements in normal and accidental plant operations. The
second ten yearly periodic safety review is also a period for the introduction of new modifications
improving the safety of the plant. All these improvements are not implemented at the same time in all the
reactors, and these result in the finding that at a given time, reactors of a same initial design may have
different design, different fuel management and different operating and/or accidental procedures.

Reactor
Power

Fuel management Modification
batch

Accidental procedures

CP0 :

• Garance (12 months)

• Cyclades (18 months)

900 MWe

CPY :

• Garance (12 months)

• Hybride MOX (12 months)

Lot 93

Lot VD2

Event-based procedures

Symptom-based
procedures

1300 MWe • GEMMES (18 months) Lot 93

Lot VD2

Symptom-based
procedures

Generalised symptom-
based procedures

Table 2 : Main differences in fuel management, modification of design and accidental procedures
encountered in 900 MWe and 1300 MWe reactor series

 

One may point out that since several years, the French utility (EDF) has decided to decentralised
responsibilities towards nuclear plants and this leads to large differences in organisation.

If one consider that a high level of safety results in a good design and high quality in plant operation,
despite the initial standardisation of the French nuclear power plant program, one cannot consider that all
the reactors have actually the same level of safety in operation. These are the main reason for which the
French Nuclear Safety Authority has decided to develop tool to evaluate individual plant safety
performances.

The main objectives of the safety performance evaluation of NPP by the Nuclear Safety Authority are first,
to have a brief and complete view of the yearly safety performance and evolution for all the plants based
on a standardised method then, to give some rational in the orientation of its safety policy towards
operators. The analysis of these indicators will permit the definition of priorities of the nuclear Safety
Authority control activities for each plant. The synthesis for each reactors series may also lead to define



generic priorities at a national level.

The development of a complete set of indicators which provides a valuable evaluation of the safety
performance of a plant is a complex task. Requirements for this need to quantify the status of the nuclear
plant for various relevant aspects of safety performance from a technical aspect to operation performance
and also impact on the environment. This means that this indicators will include both quantitative
information and qualitative indication of plant performance related to established goals.

To be efficient, a second requirement is that this evaluation have to be frequently performed (each year),
by nuclear inspectors and with a minimum of resources.

The evaluation is synthesised by Nuclear Inspectors in a document called "monograph" for each NPP.
The first part of this communication will deal with the actual content of these monographs. These
monographs contains both quantitative indicators directly measured and qualitative information about the
plant. The second part of this paper will describe the structure and principles of the set of indicators under
development at the French Nuclear Safety Authority, which will improve the contain of these monographs
and make the safety evaluation more objective.

 

 

1. NUCLEAR POWER PLANT MONOGRAPH

 

1. Source of the information for monograph

Information for monograph are collected through plant documents, operator reports
asked by the Safety Authority like incident reporting, waste production, radioactive and
chemical release, observations and finding of refuelling outage supervision, planned or
reactive control activities performed by nuclear inspectors and, if necessary, by specific
demand to the plant operator.

Acceptation of results is principally performed on the basis of safety requirement
reference for quantitative indicators and on legally binding for the quality in plant design,
construction and operation for more qualitative parameters.

Monographs are documents elaborated by the safety Authority for its own use. More than
a collection of information, they intend to give the point of view of the inspectors on the
safety performance of a plant and to deduce priorities for the Safety Authority control
activities for the plant. These documents need to be elaborated with quality by using a
standardised process inside the safety Authority with a control and verification process. In
order to avoid any self-censorship or biased evaluation of the redactor, these documents
are not externally diffused.

 

 

2. Content of NPP monograph

The monograph contains nine chapters which deals with the various aspects of the plant operation during
the previous year. Quantitative information associated with the nuclear reactor safety, general information



on the plant and qualitative information on the plant operation are collected . The standardised content of
a monograph is given in table 3.

Chapter Items

1 : Synthesis – conclusion of the monograph  

2 : General information & regulation • Regulatory authorisations

• Safety case

• Technical characteristics

3 : Environmental data • Release

• Waste

• Radioactive material confinement

• Underground water

4 : Plant and plant operation safety • Status of the three barriers

• Protection and safety systems status

• Irradiated fuel storage

• Operation

5 : Security • Dosimetry

• Work inspection

• Pressure vessel regulation

6 : Action of the regional staff of the Nuclear
Safety Authority

• Operation Technical Specifications
waivers

• Incidents

• Outage supervision

• Inspections

7 : Plant organisation  

8 : Communication  



9: emergency preparedness  

Table 3 : Content of an annual Nuclear Power Plant monograph

 

The chapter 1 : synthesis, is an executive summary which gives :

• the strong and weak points of the plant found in the various aspects evaluated for the plant

• The results obtained for that previous year by the regional Safety Authority staff for this plant and
the priorities for the next year.

This synthesis contain also various data related to the status of each reactor of the plant as :

• Annual electrical power output

• Outage duration

• Radioactive and chemical releases

• Waste production

• Status of the three barriers

• Status of the spent fuel storage pool

• Dosimetry.

Inside the chapter two the technical and safety reference for the various reactor is given (Safety Analysis
report, General Operating Rules and technical characteristics as the last integrated modification batch,
fuel management).

The Environmental data given at chapter 3, will show and comment the pluri-annual evolution of liquid
and gaseous radioactive release for the plant and also for non radioactive products release, the amount
of high and medium activity waste which are stored in the spent fuel storage pool, the amount of short
live, medium and low activity waste with and without available processing capabilities. The plant
radioactive cleanliness is evaluated through indicators as the maximum of activity detected and the
number of point having an activity greater than 100 kBq and 1MBq. The activity of underground water and
its pluri-annual evolution are also reported and commented.

The forth chapter deals with the safety of the plant and plant operation. Quantitative indicators permit
easily to estimate the status of the three barriers and to comments on their time evolution, Table 5 gives
the set of indicators which are used.

 Indicators

First barrier • reactor cooling system activity

• Number of unsealed fuel



assemblies

Second barrier • Primary – Secondary leakage
rate

• Primary leakage rate

• Number of cracked SG tubes

Third barrier • Leakage rate

• Containment penetrations
leakage rate

Table 4 : Barriers status indicator

 

For the other elements of the evaluation, the actual monographs doesn’t refer to specific indicators. The
status of the protection and safety systems are evaluated qualitatively through information obtained
during inspections, plant reports and maintenance operations. The operation evaluation is commented
taking into account the way the operator takes into account the safety requirements mainly those resulting
of the ministerial order on quality in design, construction and operation of Nuclear Installations.

The sixth chapter will evaluate the plant through the Safety Related Incidents, it contains some
quantitative indicators as :

• the number of incidents for each reactor of the plant

• the number of incidents with radioactive release

• the mean delay for the incident declaration and the analysis report and the distribution of delays

• the number of incidents which have been found by the Safety Authority

• the number of Safety Related Events reclassify in Safety Related incidents.

The analysis of significant incidents takes into account the reactor status, the distribution of the events
according to a list of declaration criteria and the concerned safety functions. More qualitative features
related to Safety Relevant Incidents as relationships with the plant staff, quality of plant analysis and the
respect of commitments taken by the plant staff after an incidents, are also included in the analysis
performed by Nuclear Inspectors.

 

 

 

 

1. DEVELOPMENT OF SAFETY PERFORMANCE INDICATORS



As seen in the previous paragraph, the actual safety evaluation of Nuclear Power Plant performed by the
safety Authority will include both quantitative indicators and qualitative analysis to be an efficient tool to
identify strong and weak points of NPP and for the improvement of the control strategy of each plant but
also at the national level for generic findings.

In order to improve this process DSIN is developing a new set of indicators allowing to better take into
account qualitative information from the plant and to associate to each item of the evaluation a
quantitative indicator in order to obtain overall safety indicator for the plant.

The structure of monographs will also be slightly modify (table 5).

 

Chapter Items

1 : Synthesis – conclusion of the monograph  

2 : General information & regulation • Regulatory authorisations

• Safety case

• Technical characteristics

3: Overall safety Indicator  

4 : Plant safety • Status of the three barriers

• Protection and safety systems status

• Irradiated fuel storage

• Operation

5 : Safety of plant operation • Organisation

• Technical engineering and transverse
technical support

• Quality system

• Human Factor & organisation
consideration in operation

• Training, enabling and competency
development

6 : Environmental data • Release

• Waste



• Radioactive material confinement

• Underground water

7 : Security • Dosimetry

• Work inspection

• Pressure vessel regulation

8 : Action of the regional staff of the Nuclear
Safety Authority

• Operation Technical Specifications
waivers

• Incidents analysis by the regional staff

• Outage supervision

• Inspections

9 : Communication  

10: Emergency preparedness  

11 : Other  

Table 5 : Proposal for the content of an annual Nuclear Power Plant monograph

 

 

Most of the quantitative indicators used in the previous monographs are still used in this improved
document. Indicators for all the items of the chapter 4 to 7 are under development, this paper will describe
mainly the proposed indicator evaluation methodology for chapter 4 and 5. The overall safety operator will
results of a combination of all the individual indicators and will describe the Safety Plant Status according
to five level

• the safety of the plant is not acceptable

• the safety of the plant is low but acceptable with improvements

• the safety of the plant correspond to the standard level of safety

• the safety of the plant is good

• the safety of the plant is excellent

1. : Indicators for the plant safety



If it is possible to measure different parameters characterising the status of any equipment important for
the safety, these measurements are often insufficient to take into account important parameters as the
knowledge of construction deficiency, insufficient equipment maintenance program, modifications, or
effect of ageing on components. For instance if it is possible to characterise the integrity of a barrier to a
measured leakage rate, this is not sufficient to characterise the increase of risk due to the status of the
barrier. It is the reason why it is necessary to develop a set of indicators which permit to evaluate the real
status of material components and equipment and to evaluate the importance of indications or non
conformance on the overall risk. For such evaluation results of Probabilistic safety analysis are required.
The methodology which is adopted for these indicators are based on a two level analysis.

• level 1 : qualitative – existence or not of indications relevant for the safety

• level 2 : quantitative – combination of the indications by taking into account their contribution to
the frequency of an initiator

The following table resume this methodology for the integrity evaluation of the second barrier.

Material Indications Yes/No Overall importance calculation for the
risk

∆ RTNDT

Shell ring coating defects

Nozzle coating defects

Penetration tubes defects

Head adapter defects

Vessel

Fabrication anomaly

Inconel I 600 MA

Inconel I 600 TT

Circumference cracking

Fast secondary side corrosion

Steam generators

Fabrication anomaly

Delayed control of lower headPressuriser

Fabrication anomaly

Primary coolant
pumps

Old thermal barrier



Casing gasket leakage

Casing-nozzle welding defect

Fabrication anomaly

LBM

Elbow sensitive to ageing

Primary coolant
piping

Fabrication anomaly

"Farley Thihange "
modification

Line tap modification

Auxiliary piping

Fabrication anomaly

Presence of martensitic steel

Fabrication anomaly

Valves

In-service anomaly

Safety devices    

TOTAL    

Table 6 : methodology for the second barrier status indicator evaluation

1. : Indicators for safety of plant operation

Plant operation safety is evaluated through the evaluation of the efficiency of the organisation and the
ability of plant employees to operate safely the reactors. Indicators for plant operation safety use a five
level scale. Each level is defined by a minimum of requirements which have to be satisfied. The
requirements of lower level have be also fulfilled.

 

 

 

 

Indicator



Level 1 Level 2 Level 3 Level 4 Level 5

Non
acceptable

Acceptable Standard Good Excellent

1. The plant doesn’t perform any action to develop the related item

2. : The plant has defined a policy and an organisation to implement the item

3. : The policy is implemented in all departments

4. : The policy is implemented by all the employees

5. : The policy is included in an iterative process periodically evaluated

 

Table 7 : generic definition of indicators for plant operation safety

 

The requirement to evaluate the level of performance of the plant is that the rating between the first to the
forth level should be easily obtained by using information collected by routine control performed by
inspectors. Nevertheless, the rating between the 4th and 5th levels ask for a larger knowledge of the plant
and the related domain.

The following tables describe for various indicators the requirements for each level.

 

 

 

 

 

 

Item Level Requirements

1 • Safety is not a priority of the plantOrganisation, Safety
management

2 • Safety is a priority clearly notified by the plant
directorate



3 • A process for the acceptation, the analysis and the
implementation and the evolution of safety related
prescriptions is implemented

• The presence of the management staff at the operation
level is observed

4 • Decisions are taken at the good level of responsibility
and are tracked

5 • The presence of the management staff at the operation
level is a natural component of management practices

Table 8 : Indicators for Organisation and safety management evaluation

 

Item Level Requirements

1 • The plant has no Quality Manual and specific
organisation

2 • The plant has a Quality Manual.

• Commissions and responsibilities are defined for all
departments and employees.

• The Quality department is operational.

• A process for non-conformance treatment is defined

Quality system

3 • Quality documents are implemented in all departments

• The Quality department is sufficiently designed and its
audit activities are planned and are deduced from a
defined policy

• Phases and content of technical control are clearly
identify in operational documents



4 • The verification program of the Quality Department
covers all the requirement of the central staff and the
plant

• The Quality department is an effective support to
operational department

• The employees adhere to the necessity for technical
control and this control is effective

5 • Practices for verification and non-conformance
detection allow an efficient correction process

• Each employee is involved in the quality obtaining for
its daily activities

Table 9 : Indicator for Quality System evaluation

 

Item

Level Requirements

1 • Human factor or organisation items are systematically
ignored in the technical framework

2 • The plant has a Human factor policy and a structure is
involved for the consideration of human factor and
organisation in the social-technical framework

• At least, ¼ of incidents having a human origin have a
deep human factor analysis

• The human factor is not restricted to Human error

Human factor and organisation

3 • The human factor structure has human sciences
competencies

• The analysis of incident is not the main work of the
human factor structure

• The human factor structure is implied in social-
technical context modifications



4 • The human factor structure is sufficiently designed for
its missions

• Human features are taken into account for each
modification of the social-technical context

• A deep analysis is performed for incident with human
factor implication and correctives measures are taken

5 • The plant implement a voluntarist and controlled
human factor policy

• The human factor structure is a support for the
management staff and operational departments

• Dispositions are taken in order to guarantee the
efficiency of the process for human factor and
organisation features

Table 10 : Indicators for Human factor and organisation consideration evaluation

 

 

 

Item Level Requirements

1 • Periodicity of training is not respected, the enabling
process is insufficient

2 • The enabling process is performed on time and
tracked, it takes into account the realisation of periodic
enabling training courses

Traning, enabling and
competency improvement

3 • The evaluation of training needs is performed for each
people

• Each trainee is evaluated after an enabling training
course

• The plant define a policy for the competency
development

• The plant has a sufficient training structure according
to its needs



4 • Each profession has a competency reference.

• Competency of employees is evaluated by the
hierarchy

• Employees training and competency are tracked

• The adequacy of training courses is evaluated

5 • Enabling is given according to the employees
competency

• The management participate to the development of
employees competency

• Activities are shared between employees according to
their competency

• Dispositions are taken in order to guarantee the
efficiency of the competency improvement process

 

Table 11 : Indicators for Training, enabling and competency improvement evaluation

4 : CONCLUSION

The evaluation of the Safety performance of Nuclear Power Plants is a necessity for Safety Authorities in
order to provide the best objective as possible measure of the plant compliance with the safety
requirements. It allows also to focus the attention on the main weakness of the plant and to improve the
control activities of the authority.

Despite the standardisation of the French NPPs, the French Safety Authority has a need to annually
evaluate each power plant. This is done by the mean of monograph which synthesised the main safety
features of the plant, both quantitative measurements and qualitative elements are considered to obtain a
judgement on the safety of the plant and to define priorities for the control policy.

Nevertheless, most of measurements cannot be interpreted as a real measure of the impact on the
reactor safety of the system, equipment or component status. A more detailed process which include the
main deficiencies encountered, maintenance and modification programs is under development. The
construction indicators on plant safety will need the use of PSA.

The evaluation of the safety operation performance of a plant will take into account various items which
are difficult to quantify as organisation, quality systems, human factor consideration or competency
improvement. For this, the French safety authority is developing a set of indicators based on five level
scale. The evaluation of an indicator can be performed quite easily by inspectors by comparing the status
of the plant with a set of requirements.
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Abstract

In Japanese safety regulations to operating plant, the regulatory authorities utilize two types of measures.
One is the direct regulation such as periodical inspection through which they inspect the electrical
systems to verify that the function and performance of important safety related equipment conform to the
approved construction plan and the technical standards, the other is audit type regulation such as
preservation inspection through which they inspect the utilities to verify that plant operation conform to the
safety preservation rules.

NUPEC are studying a effective set of overall operational performance indicators for the audit type
regulations in the frame of present safety control regulation system.

We have classified various performances required by regulation, and developed the performance
indicator framework.

We have started the investigation of the evaluation methods and the judgment criteria. In this paper, I
report the result of completed study and status of ongoing item.

 

1. Status of Performance Indicators and Regulations at Operational Stage in Japan:

Safety Information Research Center has performed, periodically in every year, the overall performance
analyses of the nuclear power plants in Japan to evaluate the safety and operational performance of the
plants in the aspects of the capability factor, incidents, radiation exposure, and radioactive waste. The
analyses have been performed with the performance indicators on the capability factor, frequency of
unplanned shutdowns, unplanned automatic scram frequency during critical, forced shutdown frequency
per critical hours due to equipment failure, the number of incident and failure reports, the number of
unexpected releases of the ECCS waiting conditions, total dose equivalent and volume of the low level



solid waste, and have been reported and distributed to the regulatory authorities, related organizations
and utilities including foreign organizations. The performance indicators were developed by Safety
Information Research Center with reference to WANO and/or INPO’s overall performance indicators.

Regarding the performance indicators, the regulatory authorities in Japan have no intention to use the
performance indicators or safety indicators directly as a tool of regulations for regulating the operational
control or safety assurance at present, because they are ensuring the plant safety by hearing and by
receiving report from each utility with regard to the safety programs, operational controls for specific unit,
and the periodical inspection results etc, in detail from planning to the results thereof.

The safety regulations to the operating plants has been performed with direct regulations enforcing
utilities to have the obligation to take the periodical inspection for the plant equipment and function by the
regulatory authorities accompanied with some audit type regulations (ex. audit of the self controlled safety
preservation activities).

Under these situations, the critical accident occurred due to the deviation works from Government
licensed procedures at JCO uranium manufacturing facility. The accident enforced to strengthen the
nuclear safety control system in Japan, and the Law for the Regulation of Nuclear Source Material,
Nuclear Fuel Material and Reactors was revised. Then, the inspection system relating to conform the
safety preservation rules was established and nuclear safety inspectors from the regulatory administrative
office have been stationed in all nuclear facilities to inspect the conformance of safety preservation rules
etc.

We are investigating a set of overall operational performance indicators to develop the effective
evaluation method for the safety preservation activities in the audit type regulations.

Compiling the investigation results, we are aiming at establishing the appropriate tool for the audit type
safety control regulations by developing the effective use of performance indicators and by clarifying the
applicable scope of utilization, and by setting the overall operational performance indicators available for
future use in Japan.

2. Investigation Procedures

The establishment of the set of overall performance indicators should be consistent with the regulation
system in Japan, considering that it is used by the regulatory authorities, and aim at establishing the
stepwise system.

The investigation procedures, accounting for the above, are shown as follows, and Fig. 1 shows the
actual time schedule:

(1) Investigation and reflection of domestic and foreign status:

Confirmation of the Japanese safety regulations and safety control system (confirmation of the
existing law system, and the existing operational safety regulations);

Investigation and reflection of the domestic and foreign trend;

(2) Classification and systematization of performances on safety control in Japan:

(3) Development of the overall performance indicator framework and extraction of the expecting
performance indicators for each performance:

(4) Investigation of the performance evaluation methods by using the performance indicators and
judgment criteria:



(5) Trial evaluation by using the performance indicators, evaluation of the applicability effectiveness to
safety regulations, and extraction of the problems:

(6) Development of the overall performance indicator set (draft) applicable in Japan:

(7) Extraction of the subjects to be investigated for performance indicator application in audit type
safety regulation system:

The investigation is performed from 1999 through 2001.

3. Confirmation of Japanese safety regulations and safety control system

3.1 Confirmation of Japanese safety regulations

Fig.2 shows the basic safety laws and regulations system in Japan.

The intentions of these laws and regulations are rearranged with the viewpoint of nuclear power plant
operational safety regulations as follows:

�The Law for the Regulations of Nuclear Source Material, Nuclear Fuel Material and Reactors :
Organizational management and operational safety insurance to protect public safety.

�Electricity Utilities Industry Law : Ensure the public safety, and prevent the environmental pollution
as well.

�Industrial Safety and Health Law : Ensure the safety and health of occupational radiation workers.



�Special Law for Nuclear Disaster Measures : Protect the life, body and property of the people from
the nuclear disaster.

These laws and regulations are rearranged with the standpoint of the plant operation as follows; the
safety regulations for nuclear power plant in Japan are mainly controlled by nuclear material safeguards
rule, safety preservation rules, and periodical inspection. And recording and reporting, the qualified
reactor engineer, and the responsible engineer for operation are covered by the safety preservation rules.

There is "Comprehensive Investigations of Safety Preservation Management" in order to perform the
audit on the safety control system by the regulation side. In addition, the periodic safety review, and the
periodic check performed by utility parallel with the periodical inspection are the regulatory measures to
review the results of utility review by the regulation side.

Inspection system relating to conformability of safety preservation rule was established this year and the
nuclear safety inspectors from the regulatory office are stationed in all nuclear facilities to inspect the
conformance of safety preservation rule etc.

The
operational safety control measures discussed above are shown in Fig.3. which includes items regulated
by laws and regulations, items not regulated by laws and regulations but reportable to the Government,
and items positioned to be the audit methods for control measures.

3.2 A general view of major operational safety regulations

Concrete safety control measures for the operating nuclear power plants are as follows:

�Set and obtain the approval of the nuclear material safeguards rule as measures to protect from
specific nuclear material;



�Establish the safety preservation rule on concrete operation methods, operational limits and
conditions, and obtain the approval;

�Nominate the qualified reactor engineer to supervise the plant operational safeguards, and notify
the competent Minister;

�Station the engineer responsible for operation who has the right and responsibility to judge and
cope with emergency;

� Undergo inspection (periodical inspection) on reactor facilities at regular intervals by the competent
Minister;(Electricity utilities industry law specifies periodical inspection)

� Prepare records for the reactor and other nuclear facilities operation, and keep them for a specified
period of time. An abnormal event occurred at the nuclear facilities should be notified immediately,
and the accident /failure conditions and the measures to cope with the accident should be reported as
soon as possible.

Outline of these laws and regulations are as follows:

a. Safety preservation rules:

Plant licensee is obligated to establish the concrete measures to ensure safety preservation and protect
specific nuclear material for each nuclear facility, prescribe in the safety preservation rule, and observe it.
Ruling side verify that the licensee is preparing the appropriate safety preservation system through the
approval of the safety preservation rules, and the nuclear safety inspector inspects the observation
status. The safety preservation rules is prescribed to regulate the operation related items, walk down and
check related items, and items to deal with them by the competent Ministerial ordinance.

b. Periodical inspection:



The
reactor constructor is obligated to undergo the inspection at regular intervals by Ministry of International
Trade and Industry (MITI) for the important electric equipment to ensure the safety preservation and
smooth supply of electric power of the reactor power station. Periodical inspection is the inspection
periodically performed by the Government on the Electricity Utilities Industry Law. Electric equipment to
be inspected on nuclear facilities are steam turbine, power reactor and its related facilities. Time of
inspection for steam turbine is specified to be the day after one year and not over 13 months from the
start of operation or preceding inspection completion date, and for power reactor and its related facilities
is specified within 13 months from the start of operation or the preceding inspection completion date.
Inspection term is specified from the date of disconnection from grid for inspection to the completion date
of full load test.

Main purposes of the inspection are:

a. Verification of the reactor coolant pressure boundary;

b. Verification of the integrityof fuel assembly;

c. Verification of the functions of the major safety related equipment by overhaul inspection;

d. Verification of the functions of reactor shutdown system;

e. Verification of the overall functions of nuclear installations:



During the period of periodical inspection, utilities perform their own inspection as a part of self-safety
preservation. The purposes of this inspection are the prevention of accident and/or failure, the prevention
of recurrence, and the prevention of performance decline by deterioration due to aging, and utilities
perform the comprehensive check and inspection using plant overall programs on the operating
conditions of each facility and past operation and maintenance experiences. Furthermore, based on the
basic concept of maintenance for nuclear facilities in Japan as preventive maintenance which prevent the
defective conditions by taking previous measures before the failure occur, main facilities are inspected,
maintained, improved, or replaced on regular interval basis or operating condition basis by planned
maintenance procedures. These results are reported to the Government with the regulatory inspection
results.

c. Others:

Besides the laws and regulations based safety control, the comprehensive investigation of safety
preservation management, as regulatory safety control, is prepared to verify the status of operation
control, safety preservation control, and self safety preservation. In addition, safety and reliability
enhancement have been evaluated by requesting reactor constructors the periodic safety reviews.

4. Classification and systematization of performance on safety control in Japan

In order
to establish the stepwise regulatory system, we performed the development and classification of various
performances so as to apply the regulatory control based on the requirements of "Control Measures to
Ensure Plant Performance". Although basic purpose of regulation for the operational plant safety control
is "Public and Employee Safety" based on laws and regulations system, it is considerable to classify into
"Organization and Management Controls", "Preservation of Safety Functions", "Radiation Controls",
"Emergency Measures", and "Nuclear Material Safeguards" as a stepwise major classification to achieve
the purpose.

Definitions of the classification are as follows:

a. Organization and Management Controls�Performances relating to the organizations based on
reactor and fuel safety, management of procedures etc. Preparation of procedures, education
and training implementation etc, are included in this category.

b. Preservation of Safety Functions: Performances relating to preserve facility functions necessary
to ensure the reactor and fuel safety. Specific management aimed at facility maintenance
(inspection, check etc.) is included in this category.



c. Radiation Controls: Performances relating to occupational radiation workers and public radiation
protection on organization, facilities, and manpower.

d. Emergency Measures: Performances relating to abnormal, accident, and emergency measures.

e. Nuclear Material Safeguards: Performances relating to nuclear material safeguards.

We had confirmed that the above classification was applicable for extracted performances in our safety
control regulations.

Fig.4 shows the basic overall performance indicator framework in Japan. "Nuclear Material Safeguards" is
excluded from the investigation subject, since that performance is not open to the pubic and difficult to
investigate. Development of "Emergency Measures" will be performed this year.

In the next step, we had investigated the applicability of performance indicators to the following specific
characters that are considered to be possessed as safety regulations controlled in Japan

• Quantification: Performance should be quantifiable. (Deterministic/risk information application)

• Measurement objectivity: Performance should be measured objectively. (Plant specific objectivity)

• Evaluation objectivity: Performance should be evaluated objectively.(Plant common objectivity)

• Representativity�Performance representing indicators are to be defined.

• Accuracy, Verifiability: Data should have sufficient accuracy and verifiability.

• Corrective Action Feasibility:Effective and appropriate corrective action should be picked up by
auditing as performance indicators.

• Predictability: Potential safety defectives should be predicted by auditing performance indicators,
and corrective action should be indicated timely.

• Easy Acquisition:Necessary data should be taken easily.

• Easy Handling: Data rearrangement and evaluation should be handled easily.

Table.1. shows the results of applicability investigation.

The results indicate that there are many safety control items which are not applicable or only partially
applicable, and large scope of area of them are should be depend on inspection of safety preservation
performed by nuclear safety inspectors, periodical test, comprehensive investigation of safety
preservation management, or audit of periodic safety reviews etc.



5. Development of the overall performance indicator framework

In developing the overall performance indicator framework, "Preservation of Safety Functions" and
"Radiation Controls" are divided into more detail classifications since they have many corresponding
performances.

a. Preservation of Safety Functions: With standpoint of an essential foundation of the concept of defense
in depth, 3 categories were adopted:

� Occurrence of abnormal events and/or accidents;

� Mitigation facilities;

� Boundary integrity.

In addition, as "Safety during Shutdown " also becomes to be regard as important, it is added to the
developing items. "Safety during Shutdown" will be investigated this year reflecting the changes of safety
preservation rules now under review, because under present safety control regulations "Safety during
Shutdown" performance is not detailed as in operation.

b. Radiation Controls: Radiation Controls will be developed in "Employee Exposure" and "Public
Exposure", because "Employee Exposure" is differently dealt with The Law for the Regulations of Nuclear
Source Material, Nuclear Fuel Material and Reactors, Electricity Utilities Industry Law and Industrial
Safety and Health Law.



Fig.5. shows the overall performance indicator framework.Fig.6. and Fig.7. show the results of
investigation on the proposed performance indicators applicable for



performance with developing into small classifications. Table.2. shows the classification of performance
and the number of relating indicators. Fig.8. shows the overall performance indicator framework filled with
the proposed performance indicators.

As a result of above discussions, it can be say that too many performance indicators based on
deterministic theory are extracted, because, risk information application methods do not take a definite
form in Japan. While, NRC reduced sharply the number of performance indicators especially for the
mitigation facilities by representing with risk information applied performance indicators. That is the main
difference between NRC and us. Too many indicators complicate the measures and evaluations, and the
inclusive evaluation and reduction of umber of indicators are necessary hereafter.

It is possible to get hold trends for some specific items to apply the performance indicators in safety
control regulations at this stage, which make clear the points of audits and expect to enhance
accountabilities.

In
above discussions, although we accounted for both indicators based on the deterministic and risk
information theories, some indicators on deterministic theory may be represented by occurrence
frequency of causing events or unavailability applying risk information. In addition, applicable indicators



may be changed depend on the way of application of risk information. For example, in case of
"Occurrence of Abnormal and/or Accident", we considered the performance indicators on occurrence
frequency for risk evaluation cause events, but depend on the classify method, it is available to take off
the cause events with loss of heat removal as NRC, or deal with all causes inclusively etc. In this
investigation, we will follow the way of NRC�but reevaluation on risk information application methods will
be required in the future.

6. Investigation of the performance evaluation methods by using performance indicators and
the judgment basis

Regarding the evaluation methods to audit by using performance indicators, we have started the
investigation of the evaluation methods more appropriate for Japanese present regulation system,
including the evaluation method feasibility to apply the quantitative threshold value setting, or trend using
method etc.

Although present safety control regulation system is basically deterministic theory basis, we will include
the investigation on probabilistic approach applying method using risk information at this stage, problem
extraction for application, performance indicator evaluation method using risk information, and the trial
setting evaluation of the concrete judgment basis such as system unavailability etc.

(1) Basic concept using performance indicators to regulations:

Our immediate plan is to establish the measures to effective use of performance indicators in the frame of
present safety control regulation system. Overall safety control regulation system applying the
performance indicators will be evaluated in next stage.

Practically, the performance indicators may be used as supportable indicators in the audit to the utilities
on the safety control activities such as safety preservation rules. The effective practical applying methods
in the area of supportable indicators are considerable as follows:

� Apply draft �1: Evaluation using trend

Determine the control conditions are on the better or worse trend to make clear the significant points
to be audit.

� Apply draft �2: Evaluation comparing with the other plants (or plant mean values).

Determine the better or worse performance comparing with the other similar plants to make clear the
significant points to be audit.



�
Apply draft �3: Evaluation of safety margin for quantified limits

Evaluate the safety margin for quantified limits of performances to make clear the significant points to
be audit.

We discuss the feasibility of each performance indicator for safety control regulations on the way of
applications in the followings:

(2) Performance indicator evaluation methods based on the deterministic theory:

One of the ways to evaluate the performance indicators based on the deterministic theory is to set the
stepwise target values as far as possible noticing the safety margin of regulatory limits such as the limits
for safety preservation rules, and provide useful information to the safety control regulations. In this case
the target values are not the threshold values to tighten control, but have the object to provide information
to the safety controls (ex. to support the safety inspector to find the significant items during the audit etc.).
Therefore the area exceeding the limits of regulations is excluded from the subject of performance
evaluation.

Take "Margin of dose equivalent evaluation value for limits " as a practical example. The limitation value
of dose equivalent for the employee is specified as 50 mSv/yr or under, but it is advised to maintain as



low as 





reasonably achievable (ALARA). The dose equivalent mean values in Japan reduced from 3.5 mSv/yr in
1980s to 1.5 mSv/yr in 1990s. In this performance examples having qualitative principle, it is preferable to
set target value based on the mean value of interior plants in addition to the limitation value.

While, for evaluation using trend, evaluation value is generally concentrated at the time of the periodical
inspection and affected by the procedures and terms of the inspection. That requires specific evaluation
for the trend to take into account of these worsening causes. Therefore, it is necessary to set the target
values depend on the characters of the performances to evaluate the performance indicators as in this
examples.

(3) Performance indicator evaluation methods applying the risk information:

The core damage frequency is the first expected risk applying information as the results of Probabilistic
Safety Assessment (PSA) for the inner events during power operation that is reported in the Periodic
Safety Reviews (PSR). In addition, the containment failure probability is also reported in PSA

Even in case of applying the core damage frequency, it is not clear that the evaluation will be appropriate,
because the safety control target and its base safety target values are not established in Japan, and on
safety margin for the interior plant mean value indicate the different PSA results between plants.

Regarding the trend evaluation, it is considered that the core damage frequency will have dominant
tendency to change temporarily due to the short term waiting release or cause events occurrence, and
appearance of worse trend for long term are not considered practically.

As the applicable evaluation method in Japan, it can be considered the method to perceive the degree of
degradation from the base core damage frequency. In this case, the base core damage frequencies are
available from the Individual Plant Examination (IPE) performed every 10 years in PSR, and have
different values per plant.

Based on the above discussions, the method that evaluates the performance indicators adopting risk
information and applies to safety control regulations in Japan has the following problems:

1. Is it sufficient to adopt only the core damage frequency as a base indicator?

2. In case of adopting the core damage frequency as a base indicator, how to set the target value?
And how to determine the evaluation term?

3. How to determine the unavailability evaluation extent for the facilities on the performance
indicators?

4. How to deal with the facilities differences between plants?

5. Is it possible practically to evaluate periodically the unavailability, or to report? (It is not reportable
at present.)

The feasible evaluation model at this stage will be evaluated hereafter considering the above problems.

(4) Investigation of the evaluation method of proposed performance indicators and judgment criteria

Based on the fundamental evaluation methods, extracted performance indicators are classified as follows
at the standpoint of the performance evaluation methods. Fig.9.shows the results.

Type�A: Existing limitation values are available to refer;



Quantitative existing limitation values are available for evaluation. It is considered the evaluation will
be feasible by the trend evaluation or comparing with the interior plant results. These indicators are
evaluated by margin to the limitation values specified in safety preservation rules, and the way of the
trend evaluation or the comparison with the interior plants will be evaluated individually hereafter.
Trial evaluation for "Margin of dose equivalent evaluation value for limits" indicates that the comparing
with the interior plants method is more appropriate than the trend evaluation.

Type�B: Quantitative reference indicator is not exist, but evaluation is feasible by using the trend or
comparison methods;

There is no quantitative limitation value to refer, but evaluation will be feasible by using the trend or
comparison methods.

Type�C: Quantitative reference indicator is not exist, and objectivity is not enough;

Regarding the performance indicators extracted from "Organization and Management Controls", it
may be difficult to compare between plants or with the interior plant mean value from the standpoint
of objectivity.

It is considerable to evaluate by using the trend method individually for the plant, but will be difficult to
find the clear basis for the quantitative judgment basis.

Therefore, evaluation on appropriate judgment basis will be necessary base on the trend results.

Type�D: The limitation deviation items;

Occurrence itself will be violation of regulatory limitations.

These items are excluded from the proposed performance indicators, because these are apparently
the caution items on safety controls and considered as out side of the performance indicator
evaluation scope.

Type�E: Risk information applying items on which present PSA is applicable;

Risk information applying items on which the evaluation subjected facilities and functions are
modeled by present PSA and feasible to get the performance risk effect quantitatively.

There are some problems to apply the risk information to regulations, but evaluation is feasible
technically.

Type�F: Risk information applying items on which the evaluation is not feasible at present ;

Risk information applying " Unavailability�Alarm System" evaluation is not feasible at present,
because they are not modeled except important alarms in present available PSA.



In
case of "Unavailability�Reactor Shutdown System", only " reactor auto trip failure" of control rod drive
system is modeled, and a part of the function only is feasible to evaluate.

Although it will be possible to evaluate the safety significant alarms and functions (the other’s are not



significant on core damage), and these items are excluded from the evaluation subjects, since the
concept of applying the risk information to regulations is not clear at this stage. These are the
subjects of hereafter.

7. Evaluation Example on Indicator "Margin of Dose Equivalent Evaluation Value for Limits"

(1) Evaluation on judgment basis

Considerations

: Regulatory quantitative limits (50 mSv) have been set.

: Qualitative target " ALARA" has been set.

: Employee dose equivalent are largely depend on the periodical inspection procedure.

Data: Interior plants mean value data, based on past results, are available. (For resent 10 years
1~2 mSv/year, limits 50 mSv)

In this evaluation, it is possible to set the results of the interior plants mean value as the base considering
margin for limitation value.

Regarding the
subject measured values, plants mean or site mean value versus interior plants mean value, and
employee maximum dose equivalent are considerable. The former is appropriate for the performance
relative evaluation between plants and the latter is appropriate for evaluation on margin to regulatory
limits. Both values are evaluated here.

(2) Trial evaluation using performance indicators



We performed trial evaluation for the deterministic approach based performance indicators of some
model plants using the operation results to determine the adequacy of evaluation method and judgment
criteria as practical safety control regulations.

Fig.10. shows the progress of mean dose mean values of each site and all of them are largely below the
target value 5 mSv.

Plant A started operation in early times shows the larger values than the other two, and the other
evaluation results for the past plants also indicate that the earlier plants have the tendency relatively
higher values.

Although some specific plants may have the lower margins for target value, the results of this evaluation
suggest the potential to over the target values is extremely low, and the regulations is not sufficiently
enough.

Fig.11. shows the dose equivalent distribution for the individuals in most resent year (1999) results.

The results indicate that the maximum value for plant A is over 20 mSv, although no employee over target
value 25mSv, and margin for target value is small. The mean dose equivalents for each site in that year
are the same as those in other year and have no big difference.

This suggests that the performance indicators evaluation method and target value on the individuals dose
equivalent are appropriate for the interior plant results.

It is concluded that the evaluation using "Margin of Dose Equivalent Evaluation Value for Limits" will
produce the basic valuable results for the dose equivalent for the individuals with 25mSv target value and
the evaluation for mean value with target value 5mSv show only supplemental reference results.

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

8. Conclusion

This report includes the investigation performed mainly last year and part of the investigation being
performed this year mainly on the problems.

This investigation will be continued next year, and after the completion of fundamental evaluation , the
regulatory authorities will decide whether if / how the new set of overall performance indicators be
introduced to Japanese regulatory scheme.
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Abstract

In the article materials the description of existed system being used for the assessment of Ukrainian NPP safety
performance is presented. The main deficiencies of the system are pointed out. Detailed description of the new
system of safety indicators being proposed to use by the Regulatory Authority is presented. Main attributes of this
system are specified along with the nomenclature of indicators.

1 Existed system description

At the present time the "Temporary Provision on the annual reports on assessment of NPP Operational Safety
Current State" [1] is utilized as a regulatory basis for the assessment of Ukrainian NPP operational safety. The
document enforced in 1992 was developed by Allunion scientific research Institute of NPPs, Russia. The document
requirements were disseminated on Ukrainian NPPs in accordance to NRD Letter 07/35 from January 21, 1994.
Regulation "Requirements to content of the Reports on technical state of Chornobyl NPP units" [2] enforced in 1995
was developed in order to support the evaluation of the operational assessment of RBMK units.

The intention of regulation [1,2] development was to extend the "General Provisions on NPPs Safety" [3]
requirements, which obligate the Utilities to provide to Regulatory Body the periodical reports about the level of
NPP unit operational safety.

These regulations establishes as follows:

• list and methods of calculation of operational indicators, characterizing the current level of NPP unit safety;

mailto:alexander@dep320.kiev.ua


• contents and scope of appropriate reporting documents (i.e. "Annual Report on assessment of the NPP
operational safety current state" for WWER type of units and "Report on technical state of Chornobyl NPP
units" - hereinafter referred to as Annual Reports).

According to mentioned regulations the Annual Reports are aimed at as follows:

• determination of trends of NPP operational safety;

• assessment of efficiency of the measures being undertaken to improve an operational safety level;

• determination of impact of particular operational aspects upon NPP operational safety as a whole;

• comparison of operational indicators of different NPPs;

• development of the corrective measures for improvement of operational safety;

• overall evaluation of the unit operational safety level being performed upon the information that collected
and analyzed in the Annual report.

The specific list of indicators is used for mentioned task realization under the Annual report development. Besides,
the complementary information, being used for analysis of the unit performance in particular area, is presented in the
Annual report chapters.

For example, in the chapter deals with the safety system equipment availability assessment, the estimated indicators
of front line and support system unavailability have to be presented along with description of all defects, leaded
either to equipment unavailability or spurious actuation of safety system trains. The description includes defect
causes, conditions of the defect discovery and duration of equipment recovery. Besides, the following aspects are to
be evaluated thoroughly within this Annual report chapter:

• initiating events that were progressed by the safety system equipment failure;

• modifications in the safety system design, maintenance procedure and etc., with description of the
modification causes;

• causes of the safety system testing schedule violations.

The conclusions about safety system state, analysis of the indicator dynamic and description of the measures on
increasing of safety system availability shall be presented at the end of this Annual report chapter.

The Annual Reports are prepared yearly by the Licensee for each power unit separately and submitted to the NRD
for approval. NRD sends the Annual Reports to SSTC NRS for expert assessment. The goal of such expert
assessment is to evaluate the level of operational safety and the unit technical state upon the review of Annual
Report materials. Main tasks being pursued under expert assessment implementation are as follows:

• assessment of the consistency of Annual Reports' materials with the [1,2] requirements;

• assessment of validity of the information being presented in the Annual reports.

The sources and documents being used for assessment of Annual report validity are as follows:

• SSTC NRS databases on operational events, component reliability and etc.;



• documents, which are used under expert review. (It is concerned about various documents, being requested
by SSTC NRS from Licensee. For example, the "technical solution" (technical application for
modernization, improvements and etc.) on extension of the time between tests of Reactor Protection
System control rods was submitted by Licensee for NRD approval. NRD requested SSTC NRS expert
review of this technical solution. The list of RPS control rod defects was requested by SSTC NRS from
Licensee as a specific "ground" document. The list of defects was used later during analysis of "Safety
system availability" and "Stability of the unit operation" chapters of appropriate Annual report).

The results of above mentioned SSTC NRS expert assessment are the basis for the decision of NRD regarding either
approval or rejection of the particular Annual Report.

The Annual reports are the one of two "external" (i.e. available outside of the plants) data sources on Ukrainian NPP
operational history. The operational event reports being developed by Licensee in accordance to "Provision on an
order of the Ukrainian NPP operational events account and investigation" [4] are the second source of data. These
two sources compose the informational basis for any activities related to assessment of Ukrainian NPP safety
performance.

2 Background for the development of new system of safety indicators

System of indicators, described in the previous subchapter, is under operation since 1992. No revision of regulations
that are the basis of this system was performed till present time. Experience of the system utilization demonstrates
the necessity of it improvements. The intent of this subchapter is to present the insights of Annual report expert
review being performed by SSTC NRS.

As it was mentioned above there are two directions of the Annual report expert review: review of the consistency
with regulatory requirements and presented data validation.

Absence of the analytical processing being based on presented data is the main problematic area related to the first
direction (contradiction of the Annual Reports to the documents [1, 2]). Comparison of the indicator values with the
similar ones on previous years is not implemented. The causes of the indicator value evolution are not analyzed
properly. Such problem is very important especially in case of the negative tendentious in indicator evolution
dynamic. As it was mentioned, the Annual reports are the relatively good and well-structured source of the statistical
information on NPP operational history. However, the comprehensive analysis of the operational safety level within
the certain period of time are not implemented or substantiated properly in the majority of the Annual reports
reviewed by SSTC NRS till present time. Another important deficiency, being related to the direction, is the absence
of certain information in the Annual report chapters. This is a direct violation of the regulatory requirements. Such
violations are revealed mostly in the chapters describes the efficiency of personnel radiation protection and radwaste
handling.

Comparison of the primary data used for indicator estimation and information that available in SSTC NRS reveal the
incompleteness or improper classification of the Annual report data in half of cases. This fact leads directly to the
incorrect estimation of the indicators (in most cases the indicator value looks more optimistic when real one). Such
incompleteness of data is revealed mostly for both equipment defects and staff errors, which have to be accounted
under indicator estimation.

According to SSTC NRS point of view the main reasons for mentioned deficiency existence are as follows:

the deficiencies (the absence in some cases) of quality assurance under the Annual reports development. This fact
leads to improper data classification and absence or falsity of data as well;

the deficiencies of the regulatory basis for both assessment of indicators of Ukrainian NPP operation and reporting
of Ukrainian NPP operational events



The deficiencies of regulations [1, 2], are as follows:

• Uncertainty of the Annual report status (i.e. the Annual report level within the hierarchy of NPP reporting
documentation). This leads to uncertainty of interrelation between the Annual reports and other elements of
operating feedback analysis system and the uncertainty of process of the Annual report development,
approval, and future utilization as well. (As it was mentioned, the document [1] was enforced in 1992. The
state structure of the nuclear regulation and nuclear power utilization is completely different from one
being described in the document. The list of organizations which are involved in document approval
process as well as the prescribed order of the Annual report development and approval are not consistent
with reality. The feedback procedure on the Annual reports is not determined. Ukrainian NPPs develop a
several similar reporting documents upon the Utility headquarters' requirements along with the Annual
reports. In some cases the duplication of data has existed and the prioritization from quality assurance point
of view has not been arranged properly.)

• Structure of the Annual reports is not consistent with the general requirement to such type of the
documentation. The standard set of necessary information within the indicator presenting is uncompleted.
(It is concerning about the necessity of presentation of unambiguous formulations on the purpose,
definition and primary input data for every indicator. The illustrative examples of indicator estimation as
well as useful explanation regarding the set of primary data being used are not demonstrated).

• The indicator definition is ideologically wrong in several cases. As an example, the one of primary circuit
integrity indicators (depressurization rate) could be chosen. According to document [1] this indicator
should characterize the integrity of primary circuit and should be calculated according to the formula:

,

where

n – number of equipment failures being leaded to loss of integrity of primary circuit,

To – duration of unit operation for reportable period.

It will be assumed that where were three events with the primary circuit leakage occurred at the NPP unit "A".
The rate of each leakage was close to minimal detectable ones. In the same time the large LOCA with two-side
rupture of main circulating pipes occurred at NPP unit "B". So, mentioned indicator will be in three times worse
for unit "A" then for unit "B").

Thus, it should be stated that the existed system of assessment of Ukrainian NPP indicators has a set of serious
deficiencies.

3 Work objectives and scope

The overall task of this work implementation is creation of the safety indicators system that is to be used by NRD
for assessment of the level of Ukrainian NPP operational safety. The created system should be able to provide the
objective measures for monitoring of Licensee activities implementation process as regards to nuclear and radiation
safety. The assessment being implemented through the evaluation of set of specific indicators will be a basis for
making better-informed decisions on deviations in Licensee performance from expectations.

The task is being realizing through the several stages (subtasks) implementation. The matter of these stages is
expressed below.

Stage 1. Review of indicator systems being used or being proposed to use by different organizations of different



countries. These systems are as follows:

• performance indicator system being used by United States Nuclear Regulatory Commission (hereinafter
referred to as US NRC) [5];

• indicator system being proposed to use by US NRC [6];

• safety indicator system being used by Radiation and Nuclear Safety Authority, the nuclear regulatory body
of Finland (hereinafter referred to as STUK) [7];

• indicator system being proposed to use by Swedish Nuclear Power Inspectorate (hereinafter referred to as
SKI) [8, 9];

• performance indicators being used by members of Word Association of Nuclear Operators (hereinafter
referred to as WANO) [10];

• system of indicator for NPP operational safety performance assessment being proposed by International
Atomic Energy Agency (hereinafter referred to as IAEA) [11].

The review is being performed in order to determine the directions, in which the existed non-Ukrainian approaches
for NPP performance and safety assessment could be utilized under creation of NRD system.

Stage 2. Determination of the requirements to the system being created and it structure as well. The work is being
implemented on the basis of above mentioned review and the available experience. The following issues are being
accounted under the requirement determination:

• broadest utilization of the positive aspects of existed system on Ukrainian NPP safety and performance
indicator assessment;

• hierarchical organization of the indicators' set for structural cover of the operational aspects relevant to the
nuclear and radiation safety;

• determination of the indicators' nomenclature through the estimation of adequate balance between necessity
of assessment of all key area where the interest of NRD is existed and the availability of primary data the
validity and completeness of which will allow SSTC NRS to perform the indicator assessment;

• broadest utilization of state-of-the-art techniques for NPP safety performance assessment (i.e. the risk-
oriented approach, utilization of the "retrospective" indicators (quantitative assessment of the operational
aspects for the past period of time) along with the indicators that allow to access the evolution of certain
matters in the future).

Stage 3. Case study is being implemented in order to test the applicability of the system. The study includes the
steps as follows:

• determination of the indicators-representatives from each level of hierarchical structure;

• collecting of the real primary data on Khmelnitsky unit 1 (WWER-1000) operating history for the period
from 01.01.96 till 01.01.2000;

• development of software for primary data storage and processing, indicator estimation and appropriate
demonstration of indicator estimation results;



• input of the collected primary data and estimation of the indicators set for Khmelnitsky unit 1;

• interpretation of the obtained results and analysis of the system features as well.

Stage 4

The detailed propositions for the pilot project is being developed in order to provide the effective introduction and
productive utilization of the created system. In the frames of the pilot project the real data for all Ukrainian NPP unit
operational history will be collected. The scope of collected data will allow to implement the proper estimation of all
indicators included into the created system. Besides that, the appropriate updating of the software will be
implemented along with development of the writing guidelines for primary data collection, indicator estimation, and
the result interpretation.

4 Attributes of system and approach being used under its development

By the definition from document [3], "Safety of NPP is its feature under normal operation and in a case of accident
to restrict radiation impact upon staff, public and the environment by the established limits". Safety indicator system
being proposed could be used as the tool for objective assessment of the named feature of NPP. The named system
has the following attributes (characteristics):

• Spectrum of indicators being used within the system was identified depending on effect of the assessed by
each indicator value upon the NPP safety.

• Hierarchical structure of indicators includes several levels described below.

• Indicators of upper level being themselves values describing safety of NPP.

• Indicators of lower level are the values monitoring of which allows to determine dependencies in changing
of the upper level indicators.

• Indicators of intermediate level that were introduced to provide and to track the interdependency in the
system frames.

• Information used to calculate the safety indicators is taken directly from a number of reporting documents.
The procedure of their development and usage as well as requirements to these documents structure and
contents are defined and valid throughout the quite long time. This allows to state that the reliability of the
information they contain is sufficient.

• Mathematical grounds of the safety indicator calculation were identified proceeding from the existing
experience as to processing and analysis of the data on history of Ukrainian NPP operation, carried out
analysis of existing foreign systems of indicators and proceeding from the principle on provision for
objective assessment of the particular safety aspect.

• Periodicity of the indicator assessment was selected in such a way to provide for efficiency and
obviousness of the process of indicator evolution assessment, i.e. evaluation of trends.

• Comparatively small set of the indicators and relative simplicity of the data collecting and processing
procedure allow to arrange the system operation with acceptable level of labor expenses.

Deterministic approach was used together with probabilistic one to develop the safety indicator system proposed to
NRD. Overall framework of the safety indicator system is presented in Fig. 2.



Assessment of NPP operational safety

    

Deterministic approach   Base for usage of probabilistic approach

Upper level indicators

Indicators of protecting barriers
integrity

Upper level indicator

Frequency of reactor scram

Intermediate level indicators

Number of violation of safety
limits/conditions

Number of operational events per unit

Intermediate level indicators

Safety system train unavailability

Lower level indicator

Annual number of operational events
with repeated root causes

Lower level indicator

Ratio of corrective versus preventative
maintenance work requests on Frontline
safety system equipment

Figure 2. Structure of safety indicator system being proposed to NRD.

Usage of deterministic approach allowed to take experience into account as to using of existing system of efficiency
and safety indicators at NPP in Ukraine which operation is regulated by the documents [1, 2]. The basic positive
point here is the list of input data needed for calculation of the indicators (each of which is deterministic by its
nature) regulated by these documents. Since indicators based upon these data were calculated during about decade,
then it is possible to state with sufficient extent of confidence that on-site and/or off-site the acceptable procedure
exists for registering, collecting and processing of input data to calculate the indicators. The fact is obvious that
when structured system for collecting of input information is available, then quantitative estimation of a indicator is
performed much easier as compared with a case when it is necessary to identify the nomenclature of input data,
procedure of their collecting, and the most important – the input data as such of scope sufficient enough for at least
provisional assessment of this performance applicability.

The most analyzed systems used by the Regulatory Authorities in different countries and by international
organizations also were developed on the basis of deterministic approach. Usage of this approach in the frames of
this work allowed to use some indicators from the named systems as the basic ones for the safety indicators system
proposed to NRD.

So, by the document [12], all the technology to provide for safety of NPP is based upon the defense in-depth
principle. This principle "… is implemented, first of all, by creation of the series of barriers which, in principle, shall
be by nothing and never jeopardized, and which, in turn, shall be violated before any harm can be made to human
and the environment. These physical barriers provide for a possibility of successive confinement of radioactive
substances". In accordance with [3], this system of barriers includes:

• Fuel matrix;

• Cladding of fuel element;



• Boundary of coolant circuit that cools core;

• Containment systems.

Thus, monitoring of the named physical barriers integrity was placed on the top of the list under determination of the
concept to perform analysis of NPP safety based upon deterministic approach. Appropriate upper level indicators
were identified in the frames of this system in the purpose of to arrange the named monitoring. The set of physical
barriers integrity indicators presented in [6] was taken here as the basis.

The plant design envisages the limits and conditions of its safe operation. Violation of the named limits and/or
conditions can lead to occurrence of accident with severe radioactive consequences as to both staff of plant and to
the public and the environment as a whole. That is why, monitoring of events occurred at NPP and led to violation
of NPP safe operation limits and/or conditions shall be performed in the frames of the safety indicator system.

The total number of events occurred during the certain period of time (for example - for one year) reports on which
investigation were submitted to the Regulatory Authority (i.e. NPP operational events are dealt in the terms of
document [4]) could be chosen as another significant indicator of similar level. The threshold on reporting of such
events is defined in such a way, that any event, report on which investigation was submitted to the Regulatory
Authority, was of negative impact upon the NPP safety.

Using of two above mentioned intermediate level indicators, namely: "Number of NPP safe operation limits and/or
conditions violation" and "Number of operational events" will allow to monitor overall tendency about how well the
NPP staff maintain the plant within licensing requirements and comply with other procedures and rules. The
indicators similar to the mentioned above are presented in the most of foreign systems analyzed.

Reoccurrence of the events significant for safety of NPP due to these causes were not properly analyzed and
eliminated is the evident of deficiencies of operational experience feedback utilization. The document [12]
repeatedly stressed importance of the efficient system arrangement to learn lessons from the history of operation and
analysis of root causes of events to prevent their reoccurrence in future. To arrange monitoring as to efficiency of
feedback from operational experience it is proposed to use the lower level indicator "number of NPP operational
events with repeated root causes" (this indicator was taken from the list of D-type indicators described in the
document [9]). Usage of this indicator will allow to detect problematic areas in operation of NPP which require
attention to be paid by the Regulatory Authority and, maybe, measures to be undertaken, to prevent from growing of
negative tendencies which lead to reduction of NPP safety level.

The existing indicator system in various countries were devised based on engineering common sense and some
knowledge of interplay of plant design and operation to risk; however, the relationship of the indicators to risk was
never established prior to actual implementation of these systems in various countries. As an example of the
advanced system of risk-oriented indicators that can be referred, proposed for usage by the Regulatory Authority in
Sweden [10,11]. Necessity and usefulness of the risk-oriented indicator usage is also stressed in the relevant IAEA
recommendations [11].

All the referred sources indicate that availability of NPP probabilistic safety analysis results is the necessary element
for arrangement of the systematic approach with the use of risk-oriented indicators. The basic result of PSA
depending upon scope of the performed calculations is, respectively, core damage frequency (CDF), frequency of
containment failure, and frequency of occurrence with impermissible radiation impact upon public. Each of the
named values itself is indicator of NPP safety, while the rest of risk-oriented indicators are those of deliberately
lower level. They are either derivatives from the named values, or characterize their separate elements.

Presently, PSA is performed for power units of NPP in Ukraine as part of Safety Analysis Report development.
Stages of PSA completeness are different for various power units, and its results are inaccessible for official usage.
Thus, by the moment, it is impossible to start with using of the recommended spectrum of risk-oriented indicators in
the framework of NRD system. However, performed analysis of the foreign systems showed the availability of data



being necessary for creation of the basis for subsequent monitoring of Ukrainian NPP safety level with the use of
probabilistic approach is available. It would be reasonable to arrange the quantitative analysis "components" of the
above mentioned indicators (mostly it is related to CDF). These components, in turn, are also being safety indicators
that characterize values connected with risk caused by operation of NPP.

Therefore, it is proposed to use the "scram frequency" as the probabilistic upper level indicator within NRD system.
Usage of this indicator will allow to assess the intensity of initiating events occurrence. This indicator reflects
efficiency of activities on NPP safety improvement by reduction of transients' number, which lead to actuation of
reactor protection system.

After adoption of the proposed concept for the NRD system, it is proposed to expand later on the spectrum of upper
level indicators by a number of indicators, which characterize the frequencies for different groups of initiating
events. Such approach to determination of nomenclature as to the risk-oriented indicators was recommended in the
documents [8,9,11]. These documents present as an example classification of initiating events according to the
following four groups:

• Loss of primary coolant accident;

• Loss of off-site power;

• Steam generator tube rupture;

• Transient (operational event with scram actuation).

SSTC NRS used similar approach to classification of initiating events under performing of works [13,14,15].
However, analysis of the historical data on Ukrainian NPP operation (1992-1997) had detected insufficient extent of
statistic representation by the first three of the above mentioned categories. From another hand, flow of statistical
data by the fourth one allows to talk about possibility to single out some groups of these events (for example, "Trip
of MCP", "Loss of feedwater", etc.). It will allow to follow up in future frequencies of such initiating events and use
these indicators during the process o risk-oriented monitoring of NPP safety.

The certain list of additional upper level indicators, which characterize intensity of appearing of different groups of
initiating events can be identified as the result of studying of statistical data on history of Ukrainian NPP operation.
It is expected to perform these studies later.

Indicator of the frontline and supporting safety system train unavailability could be used as intermediate level
indicator under development of the basis for risk-oriented monitoring of NPP safety. Usage of this indicator will
allow to follow up the level of plant availability with the use of appropriate technical means, adequately responding
to occurrence of initiating events. It is proposed to calculate the indicator of train unavailability for the following
systems:

• High pressure emergency injection;

• Low pressure emergency injection;

• Emergency feedwater;

• Emergency power supplying.

The list of safety systems which trains availability monitoring will be performed was selected proceeding from these
systems significance under elimination of consequences caused by initiating events addressed under performing of
probabilistic safety assessment. (The systems have been selected for this indicator based upon their importance in



preventing core damage. The selected systems include the principal systems needed for maintaining reactor coolant
inventory following a loss of coolant, for decay heat removal following reactor trip or loss of feedwater, and for
providing emergency AC power following a loss of plant off-site power). Limitation of safety indicator number (i.e.
the decision made to restrict the list of safety systems) was stipulated by necessity of overall restriction of NRD
system indicator number in a purpose to provide its compactness and simplicity of its operational process. (This
attribute of the system was already mentioned at the beginning of this sub-section). However, it does not mean that
this list could not be expanded in future in case of necessity to arrange monitoring as to level of any another safety
system availability.

Finally, as the lower level indicator concerning probabilistic aspects it is proposed to use in the NRD system " Ratio
of corrective versus preventative maintenance work requests on Frontline safety system equipment". To calculate
the indicators integral magnitudes of appropriate values will be used (number of recoveries after defects and number
of maintenance cycles) for all the four above mentioned safety systems. The relevant D-type indicator (i.e. value
which "correlates with a change in failure rate … or frequency of initiating events" [9]) was used under
identification of this indicator. Usage of the mentioned lower level indicator will allow to trace interrelation between
level of the safety systems availability and quantitative, while the most important, qualitative, characterization of
maintenance of the NPP safety significant equipment.

Therefore, the safety indicator system proposed to NRD includes above described indicators. The nomenclature of
these indicators was identified proceeding from the tasks to be solved by the named system along with its
characteristics. At the present time the case study is implemented in order to test the applicability of the created
system. The six indicators-representatives were selected for this study. The collecting of primary data for the
indicator estimation is in progress now. Expected date for the case study implementation is December 2000.

Nuclear Regulatory Department will use the safety indicator system being created under the work implementation
for maintaining the effective oversight of Ukrainian NPP safety performance.
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Abstract

In support of the approach adopted by the nuclear regulatory authority (National Nuclear Regulator –
NNR) in South Africa, which combines risk, deterministic and process based thinking, the use of safety
indicators is considered an important means of providing objective evidence of the success or failure of
safety related activities or processes, as well as direct evidence of the status of safety factors relating to
the plant, licensed site, the workforce, the public and the environment.

The use of safety indicators helps to focus attention on weak areas and to provide information in a format
which can be trended and which is readily reportable and comprehensible to the licensee management,
public and different levels of the various regulatory and government organisations.

The primary objectives of the system of safety goals and indicators is as follows:

• To provide an objective measure of compliance of the licensed site with the safety case for the
site, in terms of factors relating to plant health, workforce, public and environment, and trending
thereof.



• To provide an objective measure of the status of supporting safety related activities and safety
factors.

• To help focus resources on areas of concern in all licensing and safety assurance activities
(inspection, assessment, pro-active work, guidelines etc), in a graded manner taking into account
the status of relevant safety factors.

• To facilitate reporting of the safety status of licensed facilities to different levels of the licensee
and regulatory organisations.

This paper describes the recent developments of safety goals and indicators as applied in the reactor
licensing process in South Africa.

INTRODUCTION

Safety goals and indicators have been developed by the nuclear regulatory authority (National Nuclear
Regulator - NNR) in South Africa in support of the compliance assurance programme.

In the development of such a system, safety goals were established first with a view to addressing all
significant safety factors enveloping the overall safety case for the licensed facilities, including those
aspects of the licensee organisation relating to safety, in a top-down approach designed to provide
assurance of safety in broad perspective in terms of the safety requirements of the regulator.

The safety goals address the fundamental safety standards of the regulator covering risk to the public
arising from normal operations and potential accidents, ALARA, quality management requirements,
defence-in-depth, comparison with and assessment against acceptable international benchmarks, the
ALARA principle, and emergency planning requirements.

The above safety requirements imply numerous provisions, undertakings and assumptions which
underpin the safety assessment. These are to a large extent covered by the conditions of license in terms
of the licensees safety assurance processes, the design, operating rules, specifications, and procedures
themselves. In line with the objective to provide focus on all safety assessment and assurance activities,
relevant safety goals were established to address these factors as far as practicable.

The safety indicators, which are in one-to-one correspondence with the safety goals, provide a measure
of the extent to which the safety goals are being achieved (direct indication) or could be challenged
(leading indication).

A system of ranking the level of safety concern and enunciating the status of each indicator is used. This
is based on a qualitative or quantitative assessment in terms of the safety fundamentals referred to above
with the aim of minimising subjectivity.

The safety goals and indicators have been linked to a compliance assurance programme.

 

1. DEVELOPMENT OF SAFETY GOALS AND INDICATORS

The approach taken was to use safety indicators as a measure of conformance with a set of safety goals
which would in principle cover all aspects of the safety case and compliance assurance for a specific
plant. The first priority was therefor to develop the safety goals based on the following considerations.

The licensee is required to develop and maintain a plant specific safety case in support of an application



for a (nuclear) licence for a new installation or for any modification or change to an existing installation
which impacts on nuclear safety.

 

The safety case comprises all documentation relevant to the demonstration of compliance with the
fundamental safety requirements of the NNR which include the following:

• Risk criteria for public and plant personnel (normal operations and accident conditions)

• Requirements relating to conformance with international norms and practices

• Compliance with the ALARA principle

• Requirement to ensure an effective emergency plan

• Requirements relating to quality assurance.

The scope of the safety case is summarised in table 1.

Once the safety case has been approved by the regulator, licence conditions are established which bind
the licensee to the provisions and undertakings identified in or implied by the safety case.

In the development of the safety goals, a top- down approach was used based on the hierarchy of the
safety case and supporting processes (table 1) to ensure a close correspondence between the safety
goals and the elements of the safety case, and to make it easier to assign levels of concern to findings
through the context of the associated safety goals in terms of the safety case.

The safety goals were organised into a tree structure comprising three tiers, the first tier representing a
breakdown of the safety case hierarchy (table 1) into broad disciplines as follows:

1. Assessment

2. Operations

3. Engineering - Mechanical

4. Engineering - Electrical

5. Engineering - Civil

6. Engineering - Instrumentation

7. Engineering - Systems

8. Engineering - Nuclear

9. In-service inspection

10. Maintenance - General

11. Maintenance – Mechanical

12. Maintenance – Civil



13. Maintenance – Instrumentation

14. Maintenance – Electrical

15. Radiation Protection - Environment

16. Radiation protection – Operations

17. Radiation protection – Radioactive waste

18. Radiation protection – Emergency plan

The second tier represents a breakdown of the first tier into attributes which are applicable to the above
disciplines as follows:

1. Standards, codes, criteria

2. Safety case

3. Compliance

4. Processes

5. Management, organisation, conduct

6. Corporate oversight

The third tier represents essentially a list of attributes or questions specific to the first and second tier .

For example for 1.3 Assessment-Compliance:

1.3.1 Accident risk – public

1.3.2 Accident risk – plant personnel

1.3.3 Normal operations – public

1.3.4 Normal operations – plant personnel

1.3.5 Defence-in-depth

1.3.6 International Benchmark

1.3.7 Emergency Planning

1.3.8 ALARA

As another example for 2.5 Operating – Management:

2.5.1 Organisation

2.5.2 Leadership

2.5.3 Direction

2.5.4 Monitoring of activities



2.5.5 Follow-up/feedback

2.5.6 Planning

2.5.7 Human resources/competence

2.5.8 Safety culture

2.5.9 Facilities and equipment

2.5.10 Communications

Further explanation of the safety goals is given in tables 2 and 3 and in sections 1.1 to 1.5.

 

1.1 Assessment

Consideration is given firstly to safety assessment as the process which ultimately demonstrates
compliance with the fundamental safety requirements. This is expanded upon in table 2 and under the
subheadings below.

Codes/standards/criteria

With reference to table 2, under safety assessment, the first subcategory in this second tier of safety
goals refer to the safety standards and codes adopted by the licensee to conform to those prescribed by
the regulator. These typically refer to general codes and standards (eg US or French regulations),
whereas those specific to various disciplines (operations, engineering, maintenance, RP) are addressed
specifically under these headings.

Safety case

The second subcategory of safety goals refer to the safety case (table 1) itself which must be plant
specific and maintained to demonstrate ongoing compliance with the safety standards and codes
accordingly. The documentation must be satisfactory in terms of scope, coherence and comply with QA
requirements. The safety case must be linked to the bases for the general operating rules and define a
safety envelope for plant operations, engineering, maintenance and radiation protection.

Compliance

The third subcategory of safety goals refer to the extent to which the safety case demonstrates
compliance with the safety standards referred to in section 1, and adequacy of safety margins.

Processes/supporting activities

The fourth subcategory of safety goals refer to supporting activities for safety analysis and licensing.

Management/organisation

The fifth subcategory of safety goals refer to organisational aspects, competence and quality assurance.

Corporate

The sixth subcategory refer to the corporate oversight activities of the licensee.



The safety goals were developed further to reflect the fact that the validity of the safety case hinges on
the following:

• Operation of the plant in a manner consistent with the safety case.

• The plant hardware being designed, constructed, installed and tested in a manner commensurate
with the safety case.

• The plant being maintained in a manner commensurate with the safety case.

• The plant environs do not change in a manner which would invalidate the safety case.

Sections 1.2 to 1.5 describe the above (supporting) safety goals, with radiation protection included as a
distinct set in view of its direct impact on nuclear and radiation safety and to include additional factors
such as off-site developments, emergency planning and environmental monitoring.

 

1.2 Operations

The safety goals for operations were based on the consideration of (mainly procedurised) human actions
assumed or implied in the safety case to prevent (or reduce the probability of) transients or accidents and
to mitigate their consequences. The human factors relating to engineering, maintenance and RP are
included under their respective headings (1.3 to 1.5). The safety goals for operations are expanded upon
in table 3 and under the subheadings below.

Codes and standards

The heading "codes and standards" here refers to all standards relevant to nuclear safety pertaining to
operations, and include standards for training, examinations, medical, and psychometric analysis.

Safety case

The safety case must provide a well defined basis for operations, including technical bases for
operating/accident/incident procedures, and operating technical specifications.

Compliance

Evidence on competence, human reliability, medical, psychometric and safety culture.

Processes/supporting activities

Evidence of adequate document control, training, procedure change control etc.

Management

Evidence of the adequacy of the organisation, quality assurance, planning, and safety culture pertaining
to operations.

Corporate

Corporate oversight activities of the licenced facility (or site) on operations.

 



1.3 Engineering

The safety goals for engineering refer to plant engineering aspects (systems, structures, components,
instrumentation, fuel, software etc) being designed, constructed, installed, tested in a manner consistent
with the safety case.

Safety case

The safety case is required to demonstrate that the design, construction, manufacturing, installation and
testing of the plant is acceptable in terms of specifications which are commensurate with the safety case.
The associated supporting analyses must comply with QA requirements.

Compliance

Evidence of compliance with the specifications referred to above.

Processes

Adequacy, implementation, auditability of processes relating to design, supporting analysis, modification,
testing, commissioning, document control, training, etc.

Management

Organisation, quality assurance, planning, conduct, safety culture pertaining to engineering.

Corporate

Corporate oversight activities of the licensee on engineering.

 

1.4 Maintenance and in-service inspection

The safety goals for maintenance and in-service inspection are analogous to those for engineering, with
the focus of compliance being on reliability and integrity of all engineering aspects commensurate with the
safety case.

 

1.5 Radiation Protection

The safety goals for radiation protection are analogous to those for maintenance but are split into the
following (first tier) subgroups, with compliance referring to compliance with administrative controls:

• Environment

• Plant

• Radioactive Waste

• Emergency Planning

The safety goals described above cover the attributes necessary to demonstrate compliance with nuclear
safety criteria. The safety indicators are a measure of the extent to which these safety goals are met. The



safety indicators are in one-to-one correspondence with the safety goals. The indicators are not defined
a-priori in terms of for example number of reactor scrams per annum, but in terms of the level of safety
concern associated with each safety goal. The process of establishing the level of concern is described in
section 2.

 

2. ASSESSMENT PROCESS

Guidelines are given to technical and inspection staff within the regulatory body on the classification of
findings in terms of level of concern and linkage to the safety indicators. A qualitative process is used as a
first level of screening in all cases. This may be followed up by a quantitative analysis.

If it is believed that a finding challenges the validity of assumptions or data used in the safety case, then a
quantitative analysis should be performed. The Probabilistic Risk Assessment (PRA) provides a
framework for assessing the risk significance of findings both individually and on a collective basis. This
could be important when a number of concerns could have a greater significance when considered
collectively than when they are considered individually.

 

2.1 Qualitative Classification of Findings

The qualitative approach is intended to reduce the level of subjectivity in the classification process without
recourse to a quantitative analysis, but still enabling the assessor to relate the concern to basic principles
of nuclear safety.

The qualitative safety assessment process addresses the following safety principles:

 

• Risk to the public and plant personnel due to potential accidents

• Risk to the public and plant personnel due to normal operations

• Supporting safety principles such as:

• Defence-in-depth

• ALARA

• Capacity and redundancy

• Protection against common cause failures

• Diversity

• Safety margin

• Level of reliance on programmatic activities

 



2.2 Quantitative Classification of Findings

Accident risk assessment

A quantitative risk analysis is performed when it is perceived that the validity of the assumptions or data
used in the approved PRA for the licensed facility is in question. The PRA may be used to assess the
safety impact of individual concerns or a group of concerns collectively.

Although in principle the PRA addresses all aspects of safety, the level of detail may not be sufficient to
directly model a specific concern. An attempt should however be made to reflect the concern in the input
data used in the plant-specific model.

The safety impact be expressed in terms of the following:

1. Increase in system reliability

2. Increase in initiating event frequency

3. Increase in core damage frequency

4. Increase in source term magnitude

5. Increase in source term frequency

6. Increase in average population risk due to potential accidents

7. Increase in peak risk to plant personnel due to potential accidents

Any decision on the level of acceptability of the issues analysed would be taken on the basis of both the
qualitative and quantitative assessments. It is considered virtually impossible to a priori specify precise
criteria in this respect. As a guide however, the NNR would consider the following to be intolerable:

• A risk increase (either of the items 6 or 7 above) greater than the equivalent of about 5% of the
corresponding risk criteria.

• A risk increase resulting in non-compliance with any risk criteria pertaining to accident risk.

In addition, the principles of defence-in-depth, ALARA and international norms are required to be taken
into account.

Deterministic assessments

Depending on the nature of the concern, various analyses may be performed in support of follow-up
actions. These may include:

Analysis of compliance with dose criteria for plant personnel for normal operations

Analysis of compliance with dose criteria for members of the public for normal operations

Analysis of compliance with plant design requirements.

Analysis of compliance with emergency planning bases.

 



3. APPLICATION

The development of the safety goals and indicators led to a reassessment of the compliance inspection
programme. Additional tasks were identified to provide input to the safety indicators. A baseline
inspection programme was developed and implemented on an electronic task management system and
linked to the safety indicators (figs. 1 and 2). The inspection and assessment reports are linked to the
inspection tasks and stored on the same system. This serves as a useful base for the findings which
serve as input to the safety indicators. Each safety indicator may be traced back electronically to specific
findings with reference to the reports on the task management system.

Input to the safety indicators is provided by the various monitoring processes implemented by the
regulator which include inter alia the following:

1. Inspections and audits conducted in terms of the compliance inspection programme.

2. Technical assessments conducted on submissions by the licensee, mainly for modifications.

3. Reports submitted by the licensee in terms of licence compliance.

4. The licensee safety indicators (performance and safety indicators).

5. Periodic reviews or other proactive assessments conducted by the regulator (including
international experience feedback).

The NNR technical specialist or inspector responsible for a finding arising from any of the above
processes, performs a provisional classification of the finding using the qualitative risk assessment
processes described in section 2.

The findings, along with their provisional classifications, are discussed by the regulator at meetings,
attended by inspection and technical staff, generally held on a weekly basis, or on an ad hoc basis should
the severity of the finding demand an earlier response. A final classification is established.

A specific individual in the project department of the regulatory authority is allocated the task of entering
the data into the NNR Safety Indicators Database, for maintaining records generated associated with the
classification of the findings and for generation of reports directly from the indicator software.

The safety indicators may be viewed at any time by regulatory staff via the network, but input may only be
made at a single point.

The level of concern of any finding is established on the basis of the qualitative or quantitative
assessment (if performed).

Depending on the level of concern, the follow-up actions are generally as follows:

Intolerable (red): Report to line management immediately for identification of appropriate follow-up
action.

Tolerable – high (orange): Report to line management within several days for identification of
appropriate follow-up action.

Tolerable – medium (yellow)

or



Low (blue): Report at next department meeting.

Acceptable (green): Report at next department meeting.

At the project department meetings the findings and corresponding levels of concern are discussed. The
appropriate level of interaction with the licensee is decided upon. This may be any of the following:

• Nuclear Safety Assurance Group

• Licensing and Liaison Committee Meetings

• Ad hoc communication between NNR inspector/assessor/manager and licensee counterpart.

Single Point Contact meetings between regulator and licensee specialists may be called for arising from
any of the above initial interactions.

If a satisfactory response is not obtained from the above interactions, the issue may be raised to a higher
level of interaction with the licensee accordingly, ie executive or board level.

Figure 1 shows a schematic representation of the application of the safety indicator system.

Figure 2 shows schematically how the indicators may be viewed and analysed. It should be noted that
although the top level indicators default to the highest level of concern down the tree, the expanded
analysis provides an indication of the spread of levels thereby providing a more balanced picture overall,
to some extent removing the purely negative bias of the top level indicators.

 

4. INSIGHTS FROM SAFETY INDICATORS

 

The safety goals and indicators described in this paper cover safety related activities and processes, as
well as direct evidence of the status of safety factors relating to the plant, licensed site, the workforce, the
public and the environment in line with the licensing approach in South Africa. Although this approach is
intended to be as objective as possible, a measure of subjectivity is unavoidable. The approach is more
often qualitative than quantitative.

The NNR view is that the quantitative safety and performance indicators currently in use internationally
have the advantage of providing an objective and unambiguous means for comparison of different plants
in certain respects and may be used to provide some level of confidence that a specific plant is
comparable to similar plants elsewhere. These indicators are however essentially performance indicators
and are not sufficient to provide a comprehensive indication of safety.

Typically, although the approach described in this paper makes provision for indication of plant health, the
concerns arising from the inspection programme tend to relate more to organisational aspects, human
resources, competencies and performance, compliance with and interpretation of standards, procedures
and technical specifications, technical bases for general operating rules, and compliance with an
acceptable international benchmark. Safety issues of this nature, some of which are extremely safety
significant, are not always apparent in the performance indicators currently in use internationally.

 

 



5. CONCLUSIONS

The monitoring of a nuclear facility in terms of nuclear safety assurance involves a large volume of
information from diverse sources and of different levels of significance. An indicator system linked to a
compliance assurance programme and reporting and assessment system as described in this paper
provides an efficient means of processing findings, prioritising regulatory activities and tracking the
progress of follow-up and close-out actions.

The use of such a system provides the regulator with a means of assessing overall compliance
objectively and to link the conclusions to technical and inspection reports efficiently.

The use of a transparent indicator system provides an incentive for the licensee to address safety
concerns timeously so as to avoid unfavourable indication.

The use of a completely independent system of indicators by the regulator tends not to discourage the
licensee staff from reporting problems and deviations, which may be the case if both regulator and
licensee were to use a common system.

The (three tier) tree structure of indicators described in this paper provides a convenient means of
communication between technical and inspection staff with management and decision makers, and
between different levels within the regulatory authority (management, executive, board etc), both on an
ongoing basis (ie network system) and periodic reports (bimonthly, annual etc).

The use of such a transparent system provides an incentive to inspection and technical staff to report
findings clearly regardless of whether the findings are positive or negative and to take ownership of their
findings and follow-up actions as the indicator system is traceable back to these reports.

 

 

TABLE 1. SAFETY CASE – DOCUMENT HIERARCHY

 

 

NNR Standards and Requirements

Nuclear/radiation safety standards

Policies

Organisational aspects

Safety Analysis Report (SAR)
Probabilistic Risk Assessment (PRA)
Safety envelope

Technical bases for General Operating Rules



Supporting documentation (eg design documentation)

General Operating Rules (GOR):

Operating Instructions

Operating Technical Specifications

Accident/incident procedures

Severe Accident Management

Emergency Plan

Physical Security

Examination, Inspection, Maintenance and Testing

Decommissioning

Radiological Protection Programme

Effluent and Waste Management Programme

General processes, including:

Quality Assurance Programme

Modification, change control and review processes

Processes for compliance with international standards/benchmark,
ALARA

Risk Management

Incident and occurrence reporting

Problem notification and follow-up

Reporting to NNR

 

TABLE 2. SAFETY GOALS - ASSESSMENT

ATTRIBUTE INDICATORS

  



APPLICABLE
CODES/STANDARDS/

CRITERIA

SAFETY CRITERIA, STANDARDS, RULES

General, eg US or Fr regulations, NQA-1

RELEVANT ASPECTS OF
SAFETY CASE

SAFETY CASE (SAR and supporting
documentation)

Documentation, coherence, safety envelope

COMPLIANCE COMPLIANCE - ACCIDENT RISK/PUBLIC

 COMPLIANCE - ACCIDENT RISK/WORKER

 COMPLIANCE - NORMAL OPS/PUBLIC

 COMPLIANCE - NORMAL OPS/WORKERS

 COMPLIANCE - DEF.-IN-DEPTH

 COMPLIANCE - INTERNATIONAL BENCHMARK

 COMPLIANCE - EMERGENCY PLAN

 ALARA

PROCESSES AND
SUPPORTING
ACTIVITIES

PROCESSES AND TECHNICAL SUPPORT FOR
SAFETY CASE

Screening/evaluation process, analysis support,
review process, international practice, experience
feedback, QA

MANAGEMENT AND
CONDUCT

MANAGEMENT OF SAFETY AND LICENSING

Organisation, human resources

CORPORATE CORPORATE

Organisation, implementation

 

TABLE 3. SAFETY GOALS – OPERATIONS, ENGINEERING, MAINTENANCE, RADIATION
PROTECTION



DISCIPLINE AREA

ATTRIBUTE

2. OPERATING 3-8. ENGINEERING

MECH|ELEC|CIV|INSTR|SYS
|NUC

9-14. MAINTENANCE/ISI

MAINT|ISI|MECH|ELEC|

CIVIL|INSTR

CODES/STANDARDS CODES/STANDARDS

Specific to operations

CODES/STANDARDS

Specific to engineering
disciplines

CODES/STANDARDS

Specific to maintenance/ISI
disciplines

SAFETY CASE SAFETY CASE

Technical bases for relevant
GOR (operating and accident
procedures, OTS etc)

SAFETY CASE

Safety analysis/design/manuf
documentation, QA/QC,
supporting analyses, definition
of safety envelope

SAFETY CASE

Technical bases for
maintenance and ISI,
supporting analyses, definitio
of safety envelope, QA/QC.

COMPLIANCE

[Direct evidence of
compliance with
conditions/assumptions
of safety case]

HUMAN FACTORS

Competence, psychometric

medical, safety culture

PLANT/ENVIRONS

Engineering aspects are
demonstrated to be within
specified limits commensurate
with the safety case

PLANT/ENVIRONS

Maintenance aspects are
demonstrated to be within
specified limits commensurat
with the safety case

PROCESSES

[Activities underpinning
the safety case and
technical bases for
GOR]

PROCESSES RELEVANT TO
THE CONDUCT OF
OPERATIONS (eg Document
control, change control, work
control, operability, training,
facilities)

PROCESSES RELEVANT TO
THE CONDUCT OF
ENGINEERING (eg Design,
installation, commissioning,
modification control, analysis,
review, QA/QC, work control)

PROCESSES RELEVANT T
THE CONDUCT OF
MAINTENANCE

(eg Testing, materials
management, repair and
replacement)

MANAGEMENT

Organisation, Direction,
Follow-up/feedback,
Planning, Resources,
Competence

MANAGEMENT OF
OPERATIONS

Organisation, Direction,
Monitoring of activities,
Follow-up/feedback, Planning,
Resources, Competence,
Safety culture, Facilities and
equipment, Communications

MANAGEMENT OF
ENGINEERING

Organisation, Direction,
Monitoring of activities,
Follow-up/feedback, Planning,
Resources, Competence,
Safety culture

MANAGEMENT OF
MAINTENANCE

Organisation, Direction,
Monitoring of activities,
Follow-up/feedback, Planning
Resources, Competence,
Safety culture, Facilities and
equipment, Communications

CORPORATE CORPORATE OVERSIGHT
ON OPERATIONS

CORPORATE OVERSIGHT
ON ENGINEERING

CORPORATE OVERSIGHT
ON MAINTENANCE/ISI

 

Figure 1. Safety Indicators - Application
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Abstract

The Czech regulatory body (SÚJB) has been using a set of Safety Indicator for nuclear safety
assessment of NPP operation since the late 80´s. As the bases for this set WANO, IAEA and other
regulatory body documents have been used. The regulatory body is intenting its attention on nuclear
safety, that is why Safety Indicators were mostly selected to the collection describing five different areas
of the NPPs operation – Significant Events, Human Factor, Safety Systems Performance, Barrier Integrity
and Radiation Protection.

The set is still under further development. Study in the field of Risk Based Indicators (RBI) was performed
during the years 1998 and 1999. A small set of RBIs is now in trial use.

The results of the annual Safety Indicators evaluation are presented in the SÚJB annual report and used
during the SÚJB and licensee top management meeting as bases for the nuclear safety assessment.

 



 

introduction

At the late 80´s, there was a need for the Czech Regulatory Authority (correctly Czechoslovak Atomic
Energy Commission the State Regulatory Authority of that time and SÚJB´s predecessor) to create a tool,
by which would give the possibility accurately and objectively quantify nuclear power plant safety
performance. The other purposes were to use the tool for Regulatory Body inspection recourse allocation,
as a base for the regulatory actions, as a communication tool to the industry and the public.

WANO and IAEA documents were used as a starting point to develop the first set of indicators, which was
more or less a collection of performance indicators. That set contained nine indicators and seven of them
was identical with WANO indicators. As SÚJB is mainly focused on nuclear safety, the areas of NPP
operation the most influencing the level of nuclear safety performance, were identified and some old and
new indicators were attached to appropriate area. The first set of Safety Indicators was used for the test
evaluation of the NPP Dukovany operation in the year 1990.

Since that time the selected areas have been several times more precisely specified and also new
indicators have been included into the set. Nowadays SÚJB set of Safety Indicators covers five different
areas of the NPP operation and it is created by 21 indicators [1].

Safety indicators set used by SÚJB

There was identified five areas of the NPP operation. The areas are as follows:

1. Significant Events

2. Human Factor

3. Safety System Performance

4. Barrier Integrity

5. Radiation Protection

The number of operational events ranking as INES 1 and higher, number of reactor scrams, violations of
the Limits and Conditions for operation are counted in the Significant Events area.

Human factor is the root cause or significant contributor in many operational events. That is why the
significant operating events are monitored from the human factor point of view in the second area.

The preparedness of the safety systems to cope with emergency situation is very important part of the
NPP`s operation. In the area of the Safety System Performance the unavailability and reliability of the
specific safety systems is assessed. Following systems were selected to be monitored: diesel-electric
generators, high and low pressure injection system, spray system, accumulators, auxiliary and
emergency feedwater systems. If the unavailability is evaluated for all those systems, the reliability is
evaluated just for the first four of them.

The status of so called first and third barrier is by the means of the primary coolant radioactivity and the
size of the confinement leakage monitored in the Barrier Integrity area.

SÚJB is carrying out also its regulatory activities in the field of the Radiation Protection and the same
named area follows collective dose and radioactive discharges to the environment.



Setting up the indicators set raw data collection rules are to be established. There was a SÚJB activity to
make collecting of the data as much independent on the utility as possible. SÚJB is using the capacity of
its resident inspectors, who are monthly reporting to headquarters the needed information. The ratio
between independently gained data and data provided by the utility is forty to sixty percent.

 

 

 

 

 

 

 

Safety Indicators process and some results of the annual evaluation

As there is still only one NPP in operation in the Czech Republic, the set of Safety Indicators is evaluated
just for it. The evaluation of the Safety Indicators set is made on a quarterly/yearly basis and the basic
element of the evaluation is a unit or system for the area. The plant values are the next step and they are
done by the average of the unit values. In some cases when the value is only plant dependent there are
no unit values. It is mostly used for the evaluation in the Radiation Protection area.

The complete results of the Safety Indicators set together with their analysis are published as an
Appendix to the SÚJB Annual Report for Government [2]. It serves also as a basis for the top
management of SÚJB and NPP Dukovany annual meeting assessing the previous year results. The
trends of values in different area are of major interest. There was made and common agreement to
present the results for six years period.

The figures in Appendix are pointing out a few results of the last year evaluation. The year 1999 was very
successful operating year for NPP Dukovany, which was confirmed with that evaluation as well.

Figures 1 and 2 show the number of the reactor scrams for plant and units. The unit one has been
operating for more than nine years without reactor scram.

Figure 3 presents the number of operational events ranked as INES 1 and the percentage of human
factor failures taking part in those events on Fig. 4. One hundred of the operational reports ranking as
INES 1 were due to human factor failures during the years 1997 and 1998. This was strongly criticized by
SÚJB and licensee was demanded to pay more attention to human factor problem.

The diesel-electric generator system was only one safety system, which reached worse unavailability
values than in previous years (Fig. 5). Another point of view at safety system unavailability is given by
Type Specific Unavailability (Fig. 6). It is clear, that the biggest contribution to the total unavailability is
done by tests.

At the end the Figures 7 and 8 give the evidence about very good results in the last two areas Barrier
Integrity and Radiation Protection.

 



 

 

Risk based indicator study

SÚJB financed a Risk based indicators (RBI) study [2] in the years 1998 and 1999. The goal of the study
was to find the way, how to use the PSA tools for evaluation of the data collected for Safety Indicators
Set. There was no intention to develop a tool that should substitute the Risk Monitor.

The review of worldwide used techniques was conducted at the beginning. Coupling of the system
unavailability time or initiating events occurrence with the risk-increased factors or the fractional
contributions was basis of the three RBIs at the end. Those indicators are:

ECCS unavailability risk indicator,

Emergency electric systems risk indicator,

Initial Events criterion.

Figures 9 and 10 present the results of the trial evaluation of the two out of three RBIs. The trends of
Indicator values are of the highest interest in that assessment similarly to the other Safety Indicators.

Conclusion

SÚJB has ten years experience with the using of the Safety Indicators set. The set is monitoring five
areas of the NPP operation and it is very useful tool for safety assessment. Similar set of Safety
Indicators is roughly prepared for NPP Temelin, which is now in the start-up period.

Three RBIs are still under trial use and further development will be discussed after evaluation of the year
2000.
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Fig. 1 Number of Scrams

 

Fig. 3 Number of Operational Events

 

Fig. 5 Diesel-electric generator system Unavailability

 



Fig. 2 Number of Scrams (Unit values)

 

Fig. 4 Human Factor Failures

 

Fig. 6 Type Specific Unavailability of Safety Systems



Fig. 7 Confinement Leakage

 

Fig. 9 Emergency electric systems Risk Indicator

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Fig. 8 Specific Collective Dose

 

Fig. 10 ECCS unavailability Risk Indicator
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EXECUTIVE SUMMARY



The Cofrentes NPP management believed that there was a clear need to develope a
comprehensive set of indicators to monitor plant operational safety performance beyond
those WANO’s indicators already deployed throughout the nuclear community.

IBERDROLA, Owner of the Cofrentes NPP, knew that the IAEA-Division of Nuclear
Installation Safety was undergoing a significant effort in trying to develop such a more
complete set of indicators since 1995. IBERDROLA joined the group of participating
Organizations in this endeavour since 1996 and Cofrentes management offered the
possibility of being the plant considered in the pilot programme to demonstrate the
validity and completeness of the indicators framework as worked out in the consultant
meetings held in Vienna during the past three years.

Since that it is recognized that other indicators may be in used or may be developed by
each plant management specifically, it was agreed to give flexibility to each selected
plant for the pilot exercise so as to obtain in each case a set of specific plant indicators
following the guidelines established in the framework document.

Cofrentes began its pilot study in January, 1998.

Selection of specific indicators, clear and detailed definition of each one, organizational
support (responsible people/owner for each indicator), development of the appropriate
software for user-friendly information, and data sources and its collection were activities
carried out during the first half of 1998.

It was also agreed with the Agency, to prepare three four-monthly and an annual report
which will be supplied to the Scientific Secretary along the pilot exercise period.

The annual report was issued in March 99 to complete our goal and commitment and it
contained the Pilot Exercise Programme results as carried out in Cofrentes NPP during
1998. The report also presented the detailed explanation of the development of the
Programme, including the process of selecting and defining the Indicators, the Software
Application used to calculate and depict such Indicators, as well as the selection of
technical specialist responsible/owner for each indicator, data collection, formats filled-
up, trend analysis, the channels to be used for data gathering and quality checking, and
a general description of the four-monthly reports prepared during the exercise.

Based on the experience gained from the Pilot Execise itself along the year, and on the
outcome of diferents workshops and meetings held in 1998, a final selection of
Indicators was deployed in March 1999.

This paper summarizes the whole process as depicted above and the Pilot Exercise
outcome and assessment, together with the conclusions obtained and a summary of the
1999 programme results evaluation.

 



Finally, in the Annexes of the paper, the complete set of specific indicators (in the way
of list and chart), together with some specific examples of Indicators, as depicted in the
application, are included.

The results obtained from the programme throughout the year, wich were shown in the
four-monthly reports, were discussed with the corresponding responsible/owners of the
Indicators and presented to the Cofrentes Executive Safety Oversight Committee, in its
periodic meetings, for a decision making process in order to implement any corrective
action, as necessary, as a consequence of observed deviations and/or proposed
changes.

 

 

1. INTRODUCTION

IBERDROLA and its Cofrentes NPP have been participating in the IAEA’s
Programme: "Indicators to Monitor NPP Operational Safety Performance" since
1996. The purpose of it was to establish a very complete set of useful indicators
so as to get a key valuable tool, at all tiers of plant management, for decision
making based upon indicators trends and targets accomplishment.

The Cofrentes management offered to the IAEA Nuclear Safety Division the
possibility for including the plant in its pilot study.

Cofrentes NPP was selected by the IAEA to be one of the three plants of
different design and belonging to different continents, in order to develop a plant
specific set of indicators and thus make it possible for the validation of the
programme.

The necessary effort to implement the programme has been worthwhile since
that the man-power cost associated with its development is more than
compensated by the benefits of, first, having a significant tool for plant
management feedback about areas needing attention, and, second, sharing
experiences and information exchange with other nuclear power plant
management throughout the nuclear community.

The plan and schedule for the Cofrentes Pilot Exercise was an agreement with
the Agency’s framework document, and it took fifteen (15) months. The pilot
study began in January 1998 and finished in March 1999, and this paper
presents a description of the whole programme, as well as a summary of the
1999 programme performance results assessment.

2. PILOT EXERCISE PROGRAMME
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3. DEVELOPMENT OF THE PROGRAMME

Being aware of the importance to obtain an appropriate set of indicators
that when properly used can be a very valuable tool to help the plant
management in the safe operation of the Cofrentes NPP, IBERDROLA decided
to participate in the IAEA’s endeavor of developing and drafting the material to
present a framework document of indicators to monitor NPP operational safety
performance. Cofrentes was also chosen among others by the Division of
Nuclear Installation Safety of the IAEA to make a pilot exercise so as to provide a



feedback on the feasibility of the programme for being used to meet the needs of
others plants in the future.

The diferent steps taken and activities performed during 1998 to carry out
the development and implementation of the Programme are described in the
following paragraphs.

 

 

3.1. SELECTION OF INDICATORS

The Cofrentes management began its programme to develop a plant
specific set of indicators in January, 1998. A selection of indicators was made
for Cofrentes NPP after a complete and thoughtful revision of the IAEA’s
framework programme, in which Cofrentes was a participant since 1996,
proposing a reasonable set of performance indicators, and following the
hierarchical structure presented in the main body of the working material,.
This initial set of specific indicators was set up and sent to the IAEA’s
Scientific Secretary for this programme, in February 1998.

All the Cofrentes Units and Sections managers participated in both the
selection and definition of these indicators, except for those already included
in the Cofrentes Indicators Programme and WANO’s Indicators.

3.2. DEFINITION OF EACH INDICATOR

A clear and simple definition of each indicator was considered a key part
of the programme. As a matter of fact, the section leaders, who were going to
be the responsible owners for data collection, tracking and trend analysis of
each indicator, were directly participating in its definition as well as in the
selection of targets and goals later on.

A presentation of this specific set of indicators and corresponding
definitions was made to the Cofrentes Steering Committee for its approval
before being sent to IAEA’s Scientific Secretary in March 1998.

3.3. THE SOFTWARE APPLICATION

To allow and make easier the pursuit and data collection of selected
Indicators, an application software was developed at Cofrentes NPP.

Each Indicator consist of two pages: The first one being for monthly
pursuit and the second one for yearly pursuit.



The first page contains the following fields:

• Operational Safety Attribute.

• Overall Indicator.

• Strategic Indicator.

• Specific Indicator, which in its turn includes:

• Definition.

• Goal.

• Graphic display.

• Reference.

• Comments and Actions.

• Responsible/Coordinator.

• Monthly numerical Anticipated and Actual values.

 

3.4. ORGANIZATIONAL SUPPORT

3.4.1. Responsible Sections/Owners

A Responsible and/or Coordinator for each of the initial set of
Indicators was appointed depending on the Area which the Indicator
belongs to. Production, Operation, Engineering, Maintenance,
Chemistry, Health Physics, Training, Q.A. and Licensing were the
Sections involved in the process.

Licensing and Technical Support Section-leaders actuated as
general Supervisors of the Programme.

3.4.2. Data collection

The Indicators were updated by the corresponding Responsible/
Coordinator, through the adequate collection of data carried out by its
personnel, in a monthly basis.

Licensing and Technical Support, were in charge of attending the
IAEA’s workshops, preparing the four-monthly, annual and any other
specific reports, as responsible of the whole Programme.



 

3.5. PLANT-SPECIFIC INDICATORS AND TARGETS

Once responsible owners were chosen for each plant-specific indicator, a
meeting was held with anyone of them in order to clearly establish the
sources of data to be compiled for every specific indicator.

On the other hand, the amount of data-years to be analyzed, depending
upon its useful meaning to provide a goal measure of each indicator, was
discussed so as to be able to set up 1998 targets which be at the same time
challenging but achievable.

It was clear that figures showing indicators trend over a period of time,
usually four-monthly basis, would provide an early warning to plant
management for decision making, avoiding complacency and detecting
incipient weaknesses.

Therefore, both numerical values and trends using the corresponding targets
and diagrams would supply a good package of information for a complete
indicator analysis by the responsible owner and plant management, as well
as it would be presented in four-monthly reports for further distribution as
appropriate. Each indicator is depicted in one sheet including all information
needed for management analysis.

 

Data are presented for each month and plant-specific targets are shown
based upon thoughtful consideration of the indicators results during the last
three (3) to five (5) years where applicable. Comments are also introduced in
those cases in which any detailed information can be useful.

 

 

3.6. FOUR-MONTHLY AND ANNUAL REPORTS

A total of three four-monthly reports were prepared in the year which
corresponded to the months: 1st: January through April; 2nd: May through
August and 3rd: September through December. Besides, the annual report,
was issued in March 1999, summarizing the evolution of the Programme
throughout the year, general comments and results and decisions taken as
well.

The information gathered in these reports has been disseminated within the
plant, for all tiers of Cofrentes management, in IBERDROLA and the Spanish



nuclear units owned by IBERDROLA, and it was also sent to the Scientific
Secretary of the IAEA-Division of Nuclear Installation Safety for this
Programme, for which Cofrentes NPP was committed to make this pilot
exercise.

3.6.1. Executive Safety Oversight Committee (ESOC)

The ESOC is the higher rank Committee to deal with operational safety
issues and make recommendations to the Cofrentes General Manager
for final decision making. Functions of the ESOC are contained in
Cofrentes Technical Specifications Section 6.4.2.

The four-monthly and annual reports of Cofrentes indicators to monitor
operational safety performance were distributed to the ESOC’s
members, and the Cofrentes Safety and Licensing Manager made a
presentation at every meeting hereinafter to emphasize the highlights
and results against objectives, trends and targets, in order to
investigate the reasons behind any observed deviation and/or change.

Corrective actions, if any, were portrayed in the Committee’s minutes
of meeting and presented to the Plant General Manager for his final
approval.

 

4. FINAL SELECTION OF INDICATORS

During the first quarter of 1999, according to the plan scheduled by the
IAEA for the development of this Indicators Programme, the results of the
Cofrentes NPP Pilot Exercise carried out during 1998, were assessed.

The Responsible/Coordinators of each Indicator were interviewed to
request their opinion on how their corresponding indicators went on during the
year, whether they had any proposal to delete or improve indicators, or
modifications to the software application, targets, etc...

Based on that and on the outcome of some workshops and experiences
exchanged with other Plants, the final set of Cofrentes NPP specific indicators
was agreed and is presented in Annexes 1 and 2.

 

 

5. PILOT EXERCISE OUTCOME AND ASSESSMENT

The main objective of this pilot exercise was to validate the usefulness of the set



of indicators to monitor operational safety performance, as depicted in the
framework document of the IAEA, and provide the corresponding feedback to
improve this tool, knowing that it was a meaningful information to our plant
management for assessment of Cofrentes operational safety, as well as one
more tool available for self-assessment.

We have learned through the programme implementation that, first of all, it was
necessary to convey the message on the importance of this endeavour,
convincing plant staff that these indicators were not "more of the same", or just
additional work. There was a general impression that the plant was going to have
too many indicators. Secondly, it was clear to anyone that the programme had
the complete support of the plant director and the upper staff, as well as the
awareness of the resources needed and process development by the Plant
Nuclear Safety Commitee.

It was a good structure for the programme to involve Sections head and
supervisors so as to have an active participation in the selection, definition, and
identification of goals in the areas covered by the indicators, as well as the
appointment for each indicator of a responsible "owner" in addition to Licensing
and Technical Support designees as general supervisors of the programme.

The additional effort required to develop and run the programme was less
significant than thought at the beginning because Cofrentes already had
implemented an indicators programme covering many aspects of plant
performance and due to a good distribution of work as mentioned before.

 

 

Some dificulties were encountered in adapting the proposed set of indicators to
the plant characteristics and in defining them clearly and simply. However, the
direct participation of the Section heads and/or supervisors who are the
responsible owners for each indicator, facilitated quite a bit the process.

The final set of selected indicators was made based upon the suggestions
received by the responsible owners in operating the programme and, of course,
through the analysis of information feedback from the meetings held in Vienna
and Lubljana.

The assessment of results and comments was made considering our plant-
specific set of indicators evolution throughout the year, as presented in the four-
monthly reports, emphasising highlights and programme outcomes compared to
the established targets and taking into consideration the indicators trend. Any
significant deviation and/or change was investigated to identify any reason
behind it, and take the corresponding corrective actions in the Executive Safety



Oversight Commitee.

A cluster of additional indicators were proposed and approved for the
completeness of the whole set.

These added indicators were as follows:

- Emergency Preparedness.

- Material condition (Ageing).

- State of Barriers (RCS and Containment Leakages).

- Number of Findings in Configuration Control.

To summarize about the programme results, we may say that:

- Improvements are clearly recognized in the old set of plant performnace
indicators as result of this pilot exercise, not only by having a real complete set of
indicators to monitor operational safety performance but also because of the
team-work environment created in the people who participated in this programme
development.

- The additional effort devoted to this study was more than compensated by
the benefits obtained from it as a useful tool for our Sections head and
supervisors as well as for the plant management.

- Plant-specific goals were chosen based on past plant operational
experience and data by the indicator responsible owner. The goals were
established as real challenges but achievable.

- Some weak points were identified as a feedback of this pilot exercise,
pinpointing the areas needing further attention by the Cofrentes management.

6. 1999 PROGRAMME RESULTS EVALUATION

A meeting was held at the begining of 2000 between the two general supervisors
of the IAEA Indicators Programme, i.e. Licensing and Technical Support, in order
to proceed to do a global evaluation of the Programme performance during 1999,
after the end of the Pilot Exercise, in March of the same year.

The main goal of this evaluation being to inform to the Executive Safety
Oversight Committee (ESOC) about the outcomes obtained in the year for the
Programme as a whole and for those specific Indicators whose figures and/or
trends during the year were seen as worthy mentioning, so as to have the
possibility by this Committee of requesting possible corrective actions.

The overall result of the Programme can be considered as highly positive



including both aspects: The Indicator values achieved in relation to the assigned
goals, and their implementation process along the year by the respective
responsible/owners.

Some of the comments, conclusions and/or suggestions presented to the ESOC,
as consequence of this assessment of the Programme, were as follows:

- Number of Reportable Events: 5 (The goal for 1999 was : 10).

- Number of Scrams: 0 (Goal: 1).

- Safety Index during the Outage: 147 (Goal: 670).

- The possibility of removing from the list the Indicator "Forced Power
Reductions and Outages due to External Causes" was considered. The reason
being that the Plant has not any influence on this Indicator.

- The Indicator "Number of hours devoted to Training in the Nuclear
Organization" is going to be complemented by adding an specific indicator for the
Training of each Section.

Some other minor changes to several Indicators were commented with the
corresponding owners.

To sum up, it can be said that the IAEA Safety Performance Indicators
Programme is, as of today, completely implemented at Cofrentes NPP, and the
results of its performance during the last two years were extremely encouraging.

 

 

7. CONCLUSIONS

The Cofrentes Pilot Study to validate the applicability and viability of the
approach for implementation of a programme to monitor its operational safety
performance has been accomplished with successful results.

The set of indicators finally established, after including plant insights as well as
new thoughts and comments from the IAEA´s meetings held throughout 1998, is
considered as a very valuable tool at all tiers of plant management for sound
decision making based on indicators data and trends. It is a good complementary
programme to others developed at Cofrentes NPP such as, self-assessment
deployment, continuous quality improvement, safety culture strengthening, etc.,
to help the plant management in handling nuclear safety avoiding complacency
and detecting incipient weaknesses.



General and plant specific objectives were fulfilled about the feasibility of the
programme, its usefulness and management feedback on plant performance and
weak points to pay attention to. Improve understanding of plant section leaders
regarding this set of indicators has been achieved in spite of the large number of
indicators depicted and because of its comprehensiveness.

We believe that this programme can be considered as the basis for development
of an indicators subset to which the Spanish Regulatory Body and Plants
management, through the Spanish Nuclear Energy Committee of UNESA, could
reach an agreement on a new assessment framework that builds upon specific
indicators to monitor operational safety performance.

The new set of indicators and its clear thresholds will constitute the key material
for making performance based and risk informed inspection and it will ensure
adequate Regulators oversight and assessment of licensee performance.

This future assessment process will drive into results which can be
communicated to the public based upon objective conclusions. It will finally help
to focus Regulators and Operators attention to measure NPP´s safety
programmes outcomes to:

• maintain safety.

• reduce unnecessary burden.

• increase public confidence.

• increase efficiency / effectiveness of key processes.

 

 

 

 

8. ANNEXES

ANNEX-1

SET OF INDICATORS (LIST)

PLANT OPERATES SMOOTHLY

� OPERATING PERFORMANCE



� FORCED POWER REDUCTION AND OUTAGES

1. Forced Power Reduction and Outages due to Internal causes.

2. Idem due to External Causes.

3. Plant Capability Factor (WANO).

4. Unplanned Capability Loss Factor (WANO).

� STATE OF SSC (STRUCTURES, SYSTEMS AND COMPONENTS)

� CORRECTIVE WORK ORDERS ISSUED

5. Number of Corrective Work Orders (CWOs) for Safety Systems.

6. Number of Total CWOs Issued.

7. Ratio of Preventive Orders vs. Preventive +
Corrective Work Orders (P.O./P.O. + CWO).

8. Lag time between CWOs Issuance and Closing.

Dates: Urgent < 2 days

Important < 4 days

Normal < 30 days

� MATERIAL CONDITION

9. Chemistry Index (WANO)

10. Aging

� STATE OF BARRIERS

11. Fuel reliability (WANO)

12. RCS Leakage

13. Containment Leakage

� EVENTS

� REPORTABLE EVENTS

14. Number of Significant Reportable Events.

15. Number of Licensing Event Reports.



 

PLANT OPERATES WITH LOW RISK

� CHALLENGES TO SAFETY SYSTEMS

� INITIATING EVENTS

16. Unplanned Scrams/7000 hrs. (WANO).

17. Number of Demands RPS/ECCS/RHR and EPS.

18. Number of Demands of Other Safety Systems.

� POTENTIAL CHALLENGES

19. Number of RPS/ESFAS Failures.

20. Number of Other Safety Systems Failures.

� PLANT ABILITY TO RESPOND TO A CHALLENGE

� SAFETY SYSTEMS PERFORMANCE

21. Number of hours a Safety System is Unavailable.

22. Number of times a Safety System is Unavailable.

23. Safety Systems Performance (WANO).

� OPERATOR PREPAREDNESS

24. Number of hours devoted to Training.

25. Number of hours in Simulator Training for Licensed Operators

� EMERGENCY PREPAREDNESS

26. Findings during Emergency Plan (EP) Audits.

27. Number of hours devoted to training on the EP.

28. Number of people receiving training on the EP.

�  LANT CONFIGURATION RISK

� RISK DURING SHUTDOWN



29. Severity Index.

� RISK DURING PLANT OPERATION

30. Instantaneous Risk (CDF1): Short term.

31. Average Risk (CDFA): Long term.

32. Conditional Probability of Core Damage per Initiating Event Frequency vs.

Total Core Damage.

PLANT OPERATES WITH A POSITIVE SAFETY ATTITUDE

� ATTITUDE TOWARDS SAFETY

� COMPLIANCE WITH PROCEDURES, RULES AND LICENSING
REQUIRE

33. Number of Violations of Licensing Requirements.

34. Number of Technical Specifications Violations.

35. Number of Technical Specifications Exemptions.

36. Number of Deviations found in QA-Audits Related to Pro-cedures.

� ATTITUDE TOWARDS PROCEDURES, POLICES AND RULES

37. Number of Lit Control Room Annuntiators.

38. Number of Temporary Modifications.

39. Ratio of Downtime to Allowed Outage Time.

40. Number of findings in Configuration Control.

41. Number of total Deviations found in QA-Audits.

� RADIATION PROTECTION PROGRAMME EFFECTI-VENESS

42. Number of workers receiving Dose above Limits.



43. Collective Radiation Exposure (WANO).

44. Effluent Activity vs. Allowed Limits.

� HUMAN PERFORMANCE

45. Percent of Licensing Event Reports (LERs) due to Human Error.

46. Percent of LERs due to Training Deficiencies.

47. Percent of LERs due to Procedures Deficiencies.

� BACKLOG OF SAFETY RELATED ISSUES

48. Number of Pending Licensing Commitments-Analysis Phase.

49. Number of Pending Licensing Commitments-Imple-mentation Phase.

� SAFETY AWARENESS

50. Percent of Plant Staff Trained in Safety Management & Safety Culture.

51. Number of Seminars on Safety Related Matters.

52. Percent of Plant Staff Attendants to Safety Related Matters Seminars.

53. Number of Plant and Executive Safety Committee Meetings.

54. Frequency of Self-Evaluation in Safety Culture.

 

� STRIVING FOR IMPROVEMENT

� SELF-ASSESSMENT

55. Number of Independent Internal Safety Systems
Inspection and Evaluation (ISEG).

56. Number of QA-Inspections and Audits.

57. Number of Findings from ISEG.

58. Pending Findings with Overdue Date

(Time greater than 3 mo/6 mo/1 yr).

� OPERATING EXPERIENCE FEEDBACK

59. Number of Own Plant Events that Undergo Root-Cause Analysis.



60. Number of Other Plants Events that Undergo Review Analysis.

61. Number of Pending Applicable Actions-Analysis Phase.

62. Number of Pending Corrective Actions-Implementation Phase.

 

ANNEX-2

ANNEX-3

Some examples of Specific Indicator
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Abstract

The authors present a model developed for operating experience feedback analysis, built on the French
HRA principles. This model puts emphasis on the recovery process during events and makes a
classification of events based on the ways by which errors and recovery are linked. 900 events reported
by EDF had been reviewed through this model. Some results are presented and some safety indicators of
plants performance are proposed.

 

introduction

As part of its mission as expert adviser to the Safety Authority, the Institut de Protection et de Sûreté
Nucléaire (Nuclear Protection and Safety Institute - IPSN) examines operating events that could affect
safety in the nuclear facilities of which it is in charge. Within this framework, the Safety Authority has
requested the French electricity board (EDF) to systematically report the most important events, known as
"significant incidents for safety", in accordance with a required and homogeneous declaration procedure
used by all French nuclear power plants. The IPSN thus has homogeneous incident reports which it
analyses on an ongoing basis. By way of indication, it should be noted that EDF operates 58 nuclear
reactors and declares, on average, 400 "significant incidents for safety" per year.



IPSN has developed various methods for analysis of operating feedback in order to optimize extraction of
lessons from significant incidents and has created several databases serving as memory aids for incident
analysis. Until now these databases focused preferentially either on technical factors or on human ones,
and on the description of the causes and the consequences for facility safety. Analysis of operating
feedback generally aims to reduce the frequency of occurrence of causes or the severity of
consequences.

But reducing consequences of deficiencies by a quick and correct recovery is also a way to improve
safety.

So, IPSN developed the RECUPERARE method aiming at the following objectives:

1. identify the main mechanisms and parameters which characterize events, occurring on French
PWRs during one year,

2. provide a way of classifying deficiencies and associated recoveries,

3. provide a way of classifying events according to previous parameters,

4. record these data in a base to make trend analyses.

Finally some safety indicators of performance derived from this method are presented in this
paper.

PAPER CONTENTS

1. A new model for events description

1. Static model

The concept underlying the RECUPERARE model (see the figure below) presented here
is the development of an "incident model" based on the "accident model" from
"Probabilistic Safety Analysis" (PSA), structuring the data normally studied in operating
experience feedback.

 

 

 

 

 

 

 

 

 

 



 

 

 

 

This model describes:

Ú the emergence of the fault (human errors, technical failure or organizational
failing);

Ú the characteristics of the incident development;

Ú the recovery of the situation which is based on the human system and/or
safeguarding automatic systems.

The detailed model structure and the fields studied in each event are presented in the
appendix.

2. Dynamic model

The dynamic aspect of the model relies on the analysis of the fault-recovery connection by introducing a
temporal reference which is the actuation of the system concerned by the fault.

The notion of the fault-recovery pair leads to the proposed classification of incidents into six families:

Type A: latent fault discovered and corrected before activation of the system in question.

Type B: latent fault recovered after activation of the system in question.

Type C: fault appearing when the system is already in service.

Type D: cumulative faults (e.g. repetition of same error, fault during correction of an initial fault, strategic
fault generating various inappropriate actions).

Type O: organizational fault without direct impact on facility or process.

Type R: event related to radioprotection.

These six families make it possible to characterize the various types of histories outlined in the significant
incident reports for a year and to monitor developments in the nature of incidents.

The figure below illustrates the principle of the classification of the first three families.



2. Safety indicators

Given the abundant data studied, the results are multiple and make it possible to respond to different
types of questions which IPSN analysts may ask. The base makes it possible to obtain breakdowns of the
incidents according to several criteria; graphs of detection and recovery times according to various factors
(for example the dependency between contingent error factors and contingent recovery factors) or
families of incidents.

Some of these results can be used as safety indicators of plants performance:

· the annual frequency of human errors and technical failures as well as their context of occurrence;

· the "response times" of operators in relation to detection of problems and to their recovery.

The period of latency, diagnosis and recovery of situations, considered as performance aspects, are
studied. This point is particularly important as the consequences of an incident can be more or less
serious, depending on recovery-of-incident-situation performance.

Some results and indicators are illustrated below, from 1997-1998 analyses.

NB: The results are presented in a relative manner. The graphs were made using samples containing at
least 20 elements.

 

 

 

 

2.1 General breakdown of incident families

From year to year the breakdown of incidents into the different families varies only slightly (e.g. there are
around 25 per cent of latent faults). This seems to be a consequence of reactor design or mode of
operation, and organization of the operator's activities – elements that vary little from one year to the next.
This stability in breakdown validates the initial choice of the different families. For example, it can be
noted that, each year, cumulative incidents represent around 10 per cent of the total. This stability makes
it possible to measure the effect of major modifications to organization or in facilities by comparison of
results. The breakdown of incidents into six families is presented below.

2.2 Authors of errors, fault detection and fault recovery

"Recovery" actors are generally members of the operating crew and especially operators, who correct
more errors than they initiate. It has also been noted that instrumentation and control personnel are
actors in correction of 20 per cent of incidents.
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2.3 Fault latency periods

It should be remembered that a fault is
considered "latent" if it is present in a
system before activation of the system
without being detected. This type of fault
is especially important as the safety of
facilities can only be ensured if all of the
systems important for safety (especially
the safeguard systems) are actually
available, i.e. they do not have latent

faults. The figure below shows that the 1997 and 1998 graphs for probability of failure to detect a latent



fault over time correspond when overlaid, although the faults in question are, no doubt, very different in
nature. This would lead us to the hypothesis whereby it is not technical or fault-specific factors that enable
detection, but rather factors due to the organization of activities and modes of operation and monitoring.

2.4 Factors influencing detection and recovery times

For 1997 and 1998, the graphs of probability of failure to detect faults "during action" (type C faults) are
very similar. The factors most influencing detection times were identified and their effect quantified
(means of detection, dependency mode, etc.).

- dependency (type C)

For 17 per cent of incidents for which information was given in the report, the actor "recovered" (i.e.
corrected) the error in less than 20 minutes in 80 per cent of cases. When it was the actor's crew or an
independent actor who corrected the error, correction was slower.

- means of detection (type C)

- fault in procedure

In one-fifth of incidents, the procedure used showed a fault and the impact on recovery time could be
measured.

 

 

 

 



 

 

 

 

 

 

 

- technical failure

Concerning the technical failures, we can see that the nature of the material concerned influences the
detection time. For example, an Instrument and Control (I and C) failure is detected within more time than
an electrical problem.

 

3. Link between impact on safety and detection and recovery times

Analysis showed that incidents regarded as the most significant for safety by the IPSN analysts – due to
their human context and potential consequences on safety (without concertation with the authors of the
study) – are incidents for which detection or recovery is particularly lengthy. This result shows that
detection and recovery times are probably pertinent indicators of safety performance.

 

 

 

 

 

 

 

 



 

4. Different uses of indicators

4.1 French nuclear power plants "safety log"

We have seen in the previous parts that results of RECUPERARE method can provide a panel of
different indicators for the whole population of incidents within a year. The comparison between different
years displays different types of indicators:

- Time-stable indicators draw global characteristics of nuclear invents in France. For example, each year,
10% of events are type D events.

- Variations of other indicators show downgrading and ameliorations in the global safety of the French
power plants. For example, the number of organizational failures shows a real increase from 1997 to
1999.

4.2 Safety level assessment on a particular power plant

Experience feedback analyses may focus on a particular power plant. In this type of analyses,
RECUPERARE results can be used in two different ways:

- The evolution of indicators over the years, for one particular power plant, can outline its weak points and
progress concerning causes, gravity and recovery of events. Moreover, as the results are based on the
event reports, this type of analyses can also show the plant motivation for understanding, explaining and
correcting a specific issue.

- The comparison, for each indicator, between a particular plant and the rest of the French plants can give
its position among the others. In this way, bad and good practices can be outlined and specific problems
may appear.

 

5. Conclusion

This study opens up new lines of analysis for operating feedback and provides new safety indicators of
plants performance. Although nuclear power plants do not all give the same type of information and some
data are missing, the large amount of available data makes it possible to discern trends and profiles for
the nature of incidents over a year.

Thus, this method provides tools to establish an overview of incidents each year and to characterize
equipment performance during correction of incident situations.

Furthermore, the results can be used to draw up a log from one year to the next if certain relevant
parameters are chosen, making allowing to form an overall opinion based on objective data as to the
safety of facilities over the years.

These data were analyzed using a very recent statistical method, i.e. PLS method, which overcomes the
problem of missing data. The purpose of this new study was to attempt to "predict" the detection times
from factors that are contingent to the situation. The initial results are very encouraging and should be the
subject of future articles.

For the probabilistic studies, although use of these results in PSS is still a question, it should be noted
that this approach appears promising for better:



1. identification of relevant data for analysis of dependency between faults and actors (cumulative
situations and analysis of actor dependence allow study of the failure and recovery mechanisms);

2. specification of the pre-accident context;

3. analysis of pre-accident fault latency;

4. obtaining of a realistic idea of the times required for detection and action.
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Abstract

Evaluation of human performance and safety culture of the personnel at a Nuclear Power Plant is a very
important element of the self assessment process. At the Paks NPP a systematic approach to this
problem started in the early 90's. The first comprehensive analysis of the human performance of the
personnel was performed by the Hungarian Research Institute for Electric Power (VEIKI). The analysis of
human failures is also a part of the investigation and analysis of safety related reported events. This
human performance analysis of events is carried out by the Laboratory of Psychology of the plant and a
supporting organisation namely the Department of Ergonomics and Psychology of the Budapest
University of Technical and Economical Sciences.



The analysis of safety culture at the Paks NPP has been in the focus of attention since the
implementation of the INSAG-4 document started world-wide. In 1993 an IAEA model project namely
"Strengthening Training for Operational Safety" was initiated with a sub-project called "Enhancement of
Safety Culture". Within this project the first step was the initial assessment of the safety culture level at
the Paks NPP. It was followed by some corrective actions and safety culture improvement programme. In
1999 the second assessment was performed in order to evaluate the progress as a result of the
improvement programme. A few indicators reflecting the elements of safety culture were defined and
compared. The assessment of the safety culture with a survey among the managers was performed in
September 2000 and the results are being evaluated at the moment.

The intention of the plant management is to repeat the assessment every 2-3 years and evaluate the
trend of the indicator.

 

introduction

Even modern technical activities require good performance of human during task performance. In-spite of
high level safety systems and devices, the role of personnel cannot be ignored in nuclear facilities, and
even in other industrial plants, transports etc. Importance of evaluation of operator performance,
investigation of human errors was recognised early at Paks Nuclear Power Plant. Efforts were also made
in order to improve the level of operator performance. Implementation of recommendations made by
safety analyses and project for improvement of safety culture are the most important of those.

The definition of direct indicators for the assessment of human performance and safety culture is not
simple. The human and the organisation is a very complex "system". Any correction taken in order to
improve the "system" performance cannot promptly change the behaviour of the human. This is not like
the performance of a technological component which, if corrected, will improve the performance
immediately, and the indicator reflecting the performance of the concerned component will change
immediately too. To realise the change in the human performance of individuals or the safety culture of
the organisation needs time. If one would like to define indicators for assessing human performance or
safety culture he should be very careful and the indicator should be monitored in a longer time scale since
these indicators respond to the corrections more slowly.

 

Human performance evaluation

Evaluation of operator performance

Projects for evaluation of operator performance apart from serving as input for safety analyses had other
important results, as well. They helped the plant operational and safety management to specify the safety
level of operator activities and gave some suggestions how to improve it or how to decrease the
contribution of human performance to the overall plant safety. By this the results provided a kind of
indicator that have a direct relationship with the safety.

First assessment of human performance was required by the AGNES (Advanced General and New
Evaluation of Safety) Project of the Paks NPP.

The work related to the operator performance evaluation was carried out by VEIKI in autumn of 1992. Its
general objectives were establishment of a comprehensive human failure (HF) data base and
specification of performance shaping factors (PSF).

After preparation of the necessary procedure the data collection was performed on the full scale simulator



of the Paks NPP with different shift crews. During this work 120 exercises were demonstrated for
operators in order to have information about their behaviour during emergency conditions.

The Periodic Safety Review (PSR) of units 1 and 2 was required by the regulatory body in order to have
further operating licence of these units and it included the operator performance evaluation.

The work carried out was a kind of extension of which was performed during the AGNES Project and had
the objective of more exact specification of level of the human reliability and processing of possible safety
enhancement solutions.

During the practical data collection three additional transients were examined:

• medium LOCA with partial ECCS actuation (LOCA);

• main steam line break outside the confinement (MSLB);

• load drop to the self consumption level (LDSC).

During performing this task high performance quality of the personnel was proved. (General evaluation
see in Figure 1.) However, the results identified weaknesses in the next areas: transient diagnosis, use of
procedures, communication during complex events.

Figure 1: Evaluation of operator performance during simulator training at Paks NPP in 1996

The subsequent recommendations stressed the importance of simulator training and proper use of
procedures. In order to eliminate contribution of failed operator diagnosis the Paks NPP prepared and in
2001 will implement a new symptom based emergency operational procedure package. The I&C
refurbishment of the reactor protection system (unit 1 & 2) enhanced the man-machine interface, as well.

HRA for the shut-down and low power safety assessments can be considered as a new important task.
This complex activity was carried out in a framework of a DOE-VEIKI project during 1997-2000. Its
objectives were identification of HE modes and performance shaping factors (PSF) and also identification
of operator actions and responses. The source of information were the results of event investigations,
data sheets of personal errors. A lot of information was collected about maintenance performance during
outages based on expert judgement.

Among the results of this project factors with the highest contribution to safe human performance during
outages were defined. Those are: working conditions and workload. Therefore in 1999 the new plant
management announced that safe, organised and calm maintenance work performance has an overall
importance during outages.



Event investigation

Analysis of human errors during different operational events has been performed for a long time.
Currently this task is performed in the framework of the regular event investigation process according to
the related written procedure.

Based on international practice a plant specific Root Cause Analysis (RCA) method was prepared and
implemented at the Paks NPP. The RCA is very useful for definition of direct and main cause(s) of events.
Concerning human failures the RCA method contains three different personnel type cause groups
(personal, man-machine interface, training). Based on statistics, no significant and unambiguous trend
can be recognised in annual number of events with human error. (See Figure 2.)

Figure 2: Number and ratio of events with HE

at the Paks NPP during 1983-99

Within the regular process of event investigation and specification of causes of events more detailed
assessment of human failures is being carried out. The information about HE is collected using a
Personnel Error Sheet (PES) filled in by the operator just after the event anonymously. Information of
these sheets are to be processed by the plant Laboratory of Psychology (LOP). As an example, the next
statement can be made for the 1999 year according to the main results of this work:

• working under stress, lack of practical experience, bad systematisation of information have low
contribution to operator failures

• too much self-confidence, undisciplined behaviour have higher contribution to operator failures

In order to have independent analysis of HE events and well established recommendations for
enhancement of operator performance, events with personnel failure will be assessed by an outside
contractor in the future. The planned work includes reassessment of the existing investigation process,
the PES content, events with human failure for the last few years and will give suggestions how to
improve the HE evaluation process in order to find weaknesses and to decrease possibility of personnel
failure.

 

Assessment of safety culture

Definition of Safety Culture



The first kind of definition of safety culture is given in the INSAG-3 document (Basic safety principles for
Nuclear Power Plants) published by the IAEA in 1988. According to this document the safety culture is
"something" that governs the actions and interactions of all individuals engaged in activities related to
safety. It was understood that both the individuals and the organisation have a major role in the safety
culture of the nuclear power plant.

The INSAG-4, document (Safety Culture) addressed the safety culture in more details and responded to
the international interest in the expansion of the concept of safety culture. The members of the INSAG
tried to come to a common consensus on the meaning of safety culture and the result was the INSAG-4
report. The definition of safety culture given in that document is:

"Safety culture is that assembly of characteristics and attitudes in organisations and
individuals which established that, as an overriding priority, nuclear plant safety issues
receive the attention warranted by their significance."

According to INSAG-4 the safety culture has two general components. The first is the necessary
framework within the organisation and is the responsibility of the management. The second is the attitude
of staff at all levels in responding to and benefiting from the framework.

When assessing the safety culture at Paks apart from the IAEA definition some other approaches were
taken into consideration as well. Such approaches and terms are: the "organisational culture" used by
Deal and Kennedy as well as Peters and Waterman in their books published in 1992, Reason in 1997
defined the terms "reporting culture", "just culture", "flexible culture" and learning culture" as a
subcategory of the safety culture in terms of interpretation of safety related events.

Enhancement of Safety Culture at the Paks NPP

The level of safety culture has been a primary concern at the Paks NPP since the term "safety culture"
was first used in the nuclear industry and the international nuclear community started focusing on it. It
actually came into the light of attention after the first ASSET and WANO missions carried out at Paks. In
1993 the plant management initiated a programme for the improvement of safety culture. Eventually an
IAEA Model Project titled „Strengthening Training for Operational Safety" at Paks NPP was launched in
1994. This project comprised of three major elements:

• Systematic Approach to Training

• Maintenance Training Centre

• Enhancement of Safety Culture

The project of Safety Culture Enhancement was completed in a close collaboration with the IAEA and the
experts of the Paks NPP. A special taskforce was established at the plant with the representation of the
different plant disciplines and a systematic work started.

As a result of the project the first main actions to improve Safety Culture were the following:

• Plant Safety Policy and Safety Culture Guiding Principles were issued.

• Operational and safety indicators were summarised and explained in a brochure, which was
distributed among plant employees.

• A Workshop on Safety Culture was organised by the IAEA. The participants represented the plant
management and staff as well as the Regulatory Body and the involved institutes.



• Training material including examples of good safety culture practices was developed for selected
jobs such as maintenance shift foreman and shift supervisor.

• A safety culture survey was carried out for employees of the operations, radiation protection,
maintenance and engineering staff.

The last item is the one which established the basis for the regular assessment and monitoring of the
safety culture level at Paks.

Safety culture indicator

To define one single indicator that can precisely characterise the level of safety culture of an
individual, an organisation or the whole industry is not easy. The safety culture indicator (if we can
define one) cannot be fully separated from the other indicators included into the usual commonly
used indicator systems. Many of those in some extent give indication of the safety culture (human
failure probability, procedure adherence, technical specification violations, repeated events, backlogs
etc.) Probably the safety culture of one individual person has no meaning. Individuals have to be
considered as part of the organisation and be evaluated in complex. Safety culture indicator is not a
simple indicator, it is a function of many variables. Important contributing factors are the clear safety
policies and management expectations with priority of nuclear safety, sound procedures and
adherence to procedures, implementation of self-assessment and reviews and staff training and
education. All these and many more factors should be considered when safety culture is evaluated.
The INSAG-4 document provides a tentative list of questions to be asked in order to get some
indication about the safety culture level of the organisation. The provided list of questions is only
example, it can be expanded and tailored to the specifics of the concerned country or organisation.
The areas/organisations to be evaluated span from the governmental organisation through the
operators, regulators down to the research and design institutes.

Safety culture assessment at Paks

As part of the above described safety culture improvement project an initial evaluation of the safety
culture level was performed in 1994. The objectives of the assessment were the following:

• Define the basic level of the safety culture at the Paks NPP using the self-assessment method
outlined in the INSAG-4 document. Use the results as a reference for future analysis.

• Assess the attitude of the plant personnel towards nuclear safety

• Identify main features of good practices related to safety

• Identify corrective actions which can be included into the improvement programme.

In 1999 a repeated assessment was performed using practically the same approach. The same questions
were used for surveying the staff of the same plant disciplines. Contrary to the 1994 survey - which was
carried out by the experts of the plant - in 1999 a professional organisation the Department of Ergonomics
and Psychology of the Budapest University of Technical and Economical Sciences was contracted for
performing the survey and analysing the results. During the project a close collaboration was established
between the contractor and the concerned plant section.

 



Method of the assessment

For the selection of individuals to be questioned standard statistical methods were used that means:

• random selection of the personnel was assured from each area (plant discipline)

• equal representation of staff from the different disciplines so that the result can give real reflection
of safety culture in the concerned area

• at least 30 people were selected from each area.

• individuals from contractors were selected as well

The survey covered employees of the Operations, Maintenance, Radiation and Engineering disciplines.

The assessed components

As it is stated in the definition the safety culture has two basic components (the framework within the
organisation and the responsibility of the management and the attitude of staff at all levels). Of course
there is an interaction between these components and the technology. Taking into account the ASCOT
guidelines and the SOL (Safety through Organisational Learning) method the target of the assessment
within the two major components were the:

• organisation

• group/team

• individual

• technology and

• environment

The assessment was carried out using questionnaires and interviews. (A simplified questionnaire is
provided in the appendix).The questionnaires were distributed among all the selected individuals but only
a limited number of people were interviewed. The answers to the questions were the major source of the
information for the assessment whereas the interviews provided additional information.

Based on the above the questions covered the following topics:

Regarding the framework in which the individual is located:

• Safety policy of the plant (operating organisation)

• Safety practices

• Responsibilities

• Training



• Safety related events and training

• Selection of managers

• Safety attitude of the managers

• Consequences of reported events

• Collaboration of the different organisational units

• Balance of the safety end production (economics)

• Documentation

• Decision support

• Working environment

Regarding the individuals' safety approach and reactions:

• Information load

• Physical load

• Personal "safety strengths"

• Personal safety weaknesses"

• Personal opinion about the possibilities of safety improvement

• Near-miss events

Analysis of the results

The information provided in the questionnaires were analysed by the SPSS for Windows computer code
with a systematic input data checking by statistical hypothesis analysis. All the answers to the more than
80 questions were statistically analysed the feasibility of the data was assessed by cross checking the
answers to different questions and eventually a value was calculated for each individual variable
(question). After this a numerical value was calculated for the groups of questions and eventually a single
indicator was processed for the different plant disciplines and an overall indicator for the whole plant.

The main indicator values and the comparison of the results of the 1994 and results are given in the
following table:

 1994

%

1999

%

Safety culture level 61 77



The safety policy is
clear

69 67

Safety practices are
good

64 64

Training activities are
appropriate

70 68

Attention to safety 55 78

Workload 58 60

The main findings of the 1994 assessment

After the first assessment in 1994 the deficiencies in the plant activities having influence on the safety
culture were identified in order to define corrections into the then ongoing safety culture improvement
programme

Communications deficiencies were identified in the technical area as well as in the area of communicating
company’s strategic questions, personal performance results and safety related actions to the plant
employees.

Training deficiencies were identified such as

• inadequate managers’ involvement in the training

• training procedures' quality

• deficiencies in emergency drills, industrial, fire and radiation safety practices

• inadequate focus on human factor’s importance

• quality of training materials

• inadequate focus on the importance of safety policy

The following actions responding to the findings were taken in 1995-96:

The safety culture working group started to work out new development strategies taking into account
international experience.

• the content of safety culture training package for managers was defined

• team sessions were organised to develop questioning attitude

• subject proposals were prepared for IAEA working group meetings

• example training materials were prepared in order to show how safety culture elements could be
reflected in training materials



• direct support was given to the SAT working group in job competency analysis

• training of operational and maintenance staff in order to introduce the STOP method.

• Development of training objectives and examination questions regarding safety related elements
of the general employee competency;

• Co-operation with psychological laboratory in defining the elements effecting human errors and
the elements hindering communication in the organisation;

• Preparation work of the company level safety culture development programme;

• Continuing teamwork supporting the development of questioning attitude for selected professional
areas;

• Determination of requirements and preparation of training materials on human factor;

• Developing a model for the instructors conducting the analysis.

The results of the 1999 assessment

In course of the analysis of the results of the 1999 survey a detailed correlation analysis was carried out
on all levels of the assessment. The conclusions of the correlation analysis on the top level of the
assessment are the following:

If

• the relationship between the managers and subordinates is good

• the atmosphere at the work places is good

• the safety supervisory activity is good

• the workers are involved in the solution of safety related questions

• the training responds to the workers’ demands

then the workers

• recognise their responsibility

• adhere to safety rules (even with missing supervisor)

• apply self-checking method

• implement in practice the principles of safety policy.

General conclusions of the 1999 survey

The first conclusion is that the safety culture level has virtually increased since the first assessment
performed in 1994. This improvement can be attributed to the positive effect of the Model Project’s



activity. However such an improvement is much higher than can be expected for such an indicator which
has a very huge inertia as mentioned in the beginning of this paper. Since the survey was carried out not
too long after the appointment of a new management, part of the positive effect can be explained by the
fact that the changes of the management caused positive expectations (this is the subjective nature of
this indicator).

Another general conclusion that can be drawn is that the safety culture is highly influenced by

management attitude, by good communication between the employees of different organisations and by
training and good practices.

The interviews highlighted some additional interesting facts which should be taken into account when
defining corrective actions. Such facts are the following:

• The documentation system of the plant is complicated

• The organisational structure of the plant changes too frequently

• Differences between the plant employees and the contractors

The results of the assessment were presented to the managers and employees not participating in the
survey.

Current and future activities

In December 2000 a similar survey was carried out with the participation of the whole management. The
approach is identical, the analysis is performed by the same professional organisation. The questions are
slightly modified in order to take into account the specifics of the management. The analysis of the results
is going on at the moment.

In order to continue the monitoring of the safety culture similar surveys will be performed regularly in the
future.
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Appendix 1

Assessment of safety culture

Questionnaire

Explanation

How the questionnaires were filled in?

Below the question tables with rating scale are given. The rating considered to be appropriate
had to be marked with "X". When answering some questions in addition to the rating the participants
were asked to give written answers as well (text or precise numbers).

Examples:

1. If your answer to the question is "satisfactorily" fill in like this:

1. Not at all 2. 3. Satisfactorily 4. 5. Fully

X

2. If your answer to the question is "85%" fill in like this:

1. Never 2. 3. 50% of the cases 4. 5. Every time

 X

Please give a quantitative assessment to your answer: 85%

Basic data

• What is your professional area?

• Who is your employer? (plant employee or contractor)

• How long have you been working in this position?

• How many years have you worked at nuclear power plant?

• What is your qualification?

General part/Safety policy

Before the questions on safety policy the following two definitions were given:

• Safety Policy – reflects the commitment to act always with objective to improve safety, to
reveal factors affecting safety, includes the efforts to continuously improve safety culture



and plant safety level.

• Safety Culture –assembly of characteristics and attitudes in organisations and
individuals, considered to be significant from safety point of view

General part/Safety policy

• Can it be declared, that the company has a safety policy?

• How are you familiar with the plant safety policy?

• Is the plant safety policy understandable and clear?

• To what degree are you able to apply the principles defined in plant safety policy in your
daily work?

• Do you and persons working with you adhere to safety procedures even if it cannot be
checked by your supervisor?

• Do people working with you try to encourage others to work safely?

• Is it typical that your supervisors from time to time take efforts to make you understand
the plant safety policy ?

• Considering the definition and questions 6-12 in your opinion can it be declared that at
Paks NPP the level of safety culture is high?

General part/Safety practice

• Is it usual that you become involved into resolution of safety related questions?

• Do you think it is worth reporting those minor events, which could have led to more significant
consequences?

• Do you think it is true that honest admission of committed errors would not result in calling people
to account for mistakes, provided they were not caused by gross carelessness or repeated
deficiency?

• How has the safety responsibility for your position been defined?

General part/Attitude of managers to safety

• How often do the plant top managers hold safety briefings or forums?

• Is there a process by which the non-supervisory level staff can report safety related concerns
directly to the plant managers?

• How correct and friendly is the relationship between the staff and the line managers?

• How correct and friendly can be considered the relationship between the line managers and the
top managers?



• Does the motivation system include safety related issues?

• In your opinion can the surveillance activity related to your work be considered adequate?

• To what degree in your opinion the quality control related to your work can be considered
adequate?

• To what degree in your opinion the quality assurance activity related to your work can be
considered adequate?

• How often do your supervisors take part personally in presentation of training courses?

General part/Work-load

• Do you consider the overtime and on-duty time ratio adequate?

• How often are you informed about the reasons of over-time assignments?

• What fraction of your working time is spent on administration and clarification of work conditions
and tasks?

• Do you consider your work physically overloading?

• Do you consider your work mentally overloading?

• Briefly describe how you usually perform your work, have rest during a typical workday! (Please
indicate the time and duration of short breaks and breaks for meals!)

General part/Strengths and weaknesses

• Briefly describe your personal "safety strengths"! (What are those activities in your work, which
are important from safety point of view and in your opinion you perform them well?)

• Shortly describe what are your relative personal "safety related weaknesses"! (What are those
activities in your work, which are important from safety point of view and in your opinion you
perform them relatively poorly?)

• Briefly describe the possibilities by which in your opinion the safety can be improved in your area!

• Briefly describe some cases, which in your opinion could have led to more or less significant
events, but due to some reasons finally they did not have consequences!

Professional part/Training

• How often are you not able to participate in periodic training due to high work load?

• How often are you not able to participate in periodic training due to private reasons?

• How often are you able to make up the missed training during work time?



• Do you think the current simulator training practice is effective and improves safety?

• How much do the malfunctions and their effect on safety become subject of training?

• Have you received the necessary organised training to perform your job?

• How many cases do you know when the training program was modified following committed real
errors? Please write here the estimated number:

• Do the quality and efficiency of regular training practice meet your expectations?

• How deeply have you been trained in the characteristics of organisations and individuals
important from safety point of view?

• Do the documents important for your work receive the necessary emphasise during training?

• What is the ratio of the answered questions you asked during the lectures?

Professional part/Self-checking

• Is the continuos and conscious self-checking typical for you?

• Is it typical that you think of whether you fully understand the given task?

• Is it typical that you think about what your personal responsibility is in the task?

• Is it typical that you think about the safety relevance of the task?

• Is it typical that you think about whether you have the necessary knowledge and skills to perform
the task?

• Is it typical that you think about the responsibilities of other people in the task?

• Is it typical that you consider whether unusual conditions related to the job exist?

• Is it typical that you try to find out if you need assistance in performance of the task?

• Is it typical that you try to find out the potential consequences of making an error during the task?

• Is it typical that you think about how to prevent errors in performance?

• Is it typical that you think about what you should do when you committed an error and you noticed
it?

Professional part/Job definition and support

• Are the boundaries of authority and responsibility of job positions in your area well defined?

• Do you feel that the expectations regarding your position are clear from all points of view?



• Do you consider important that during event evaluation your colleagues use a common approach
considering the actions to be taken and the risk?

• Do you consider important that when evaluating events your colleagues know the standpoints
and attitude of each other?

• Do the valid procedures determine your tasks in case of unusual events?

Professional part/Co-operation

• Is the co-operation of personnel belonging to different organisations co-ordinated during
performance of common tasks?

• Can the solution of unexpected tasks, which require co-operation of personnel belonging to
different organisations be evaluated as fast?

• Can it be stated, that personnel of organisations responsible for operation communicate with
each other well, they use the same professional terminology and accept the same priorities?

• Can be stated that the operational procedures and other documentation are adequate and up-to-
date?

• In your opinion how the I& C reconstruction of the control rooms will effect safety? Please give
your short explanation!

• What are those organisational problems or technical problems significantly related to
organisation, which you do not have influence on, but they challenge safety?

Professional part/Weaknesses

• Please list here those three potential accidents you are most afraid of:

• Please list here those three operational areas, where in your opinion the safety upgrading is most
justified:

• Considering the whole plant which of the following general areas is the most critical one in your
opinion, which is the second and which is the least critical? Please give some explanation!

Operations ………………….

Maintenance ……………….

Engineering Support ……….

Global opinion

• In your opinion to what degree the external factors (social, economical, political factors, media,
public, authorities) do influence the safety at Paks NPP?

• In your opinion to what degree the plant’s technical level does influence the safety at Paks NPP?



• In your opinion does the level of development of organisation and management influence the
safety at Paks NPP?

• In your opinion do the characteristics of personal qualification and behaviour influence the safety
at Paks NPP?

• Please fill in the following table putting the appropriate grade

Global opinion

• Please evaluate on a 0-100 scale the level of safety of those nuclear power plants, where
everything has been done to upgrade safety and to improve technical, organisational and human
factors

• Please evaluate on a 0-100 scale the level of safety of Paks NPP.

• Please evaluate on a 0-100 scale in your opinion how the Hungarian public assess the level of
safety of Paks NPP

• Questions, remarks, suggestions regarding the above issues.
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ABSTRACT

Ever since the commercial operation of Daya Bay Nuclear Power Station (GNPS), dynamic objective
management concept that features modern enterprises has been adopted by the station to manage all
operational activities with the guidance of business plan. And some quantitative indicators have been
employed in order to measure effectively the progress of these operational activities. After several years
of evolvement, a hierarchical and standard performance indicators system has been developed and is
playing an active role in the plant’s efforts towards top quartile of the world nuclear power industry.

Structured hierarchically with higher levels resolving into lower levels and lower levels committing to
higher levels, the indicator system not only reflects performance-based management concept, but also
shows the process-oriented control concept. Indicators of a certain level serve as both early warnings to
superior indicators (lagging indicators in this case) and effects to inferior indicators (leading indicators in
this case). The dynamic status of these indicators, numbered more than 230, will eventually be fed back
to the business plan and realized through daily work of every branch, and even every member of the
workforce.

With the indicator system as a quantitative management tool and an effective tracking system, GNPS has
achieved good results in self-assessment, objective definition, improvement follow up, resource
allocation, and management-staff communication. Periodic plant performance assessment is performed
through spider chart and other patterns of graphics. Indicators are displayed at the plant entrance, offices,
Main Control Room and CIS (Corporate Information System) network, where every worker gets access to
and care for the performance of the plant. Root cause analysis is carried out and improvement measures
are made when certain indicator is at unfavorable trend.

The indicator system, together with its tracking system, has been applied allover the station and is
contributive to the realization of corporate objectives. Its effective implementation is well supported,
recognised and involved by management of all levels.

CONTENTS

Selection of Indicators

GNPS started commercial operation in 1994 and developed its first business plan at that time. A set of
performance indicators was selected, with reference to the practices of other utilities that operate the
same type of plants, and incorporated in the business plan to provide a statistical measure of how plant
performance changed over time. The safety indicators were mainly lagging in nature. Amongst them,
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some of the ten WANO indicators were used, but only those with clear definitions and standard formulas
for calculation. The plant utilized the same set of performance indicators with very few changes until
1997.

After the first OSART mission in the fall of 1996, the station management put additional emphasis on
improving management. In a world of diminishing resources, improvement of the management program
and services was considered critical.

In late 1997, the first five-year corporate business plan was drawn up and put into effect in 1998. In order
to align it with the corporate business plan, the station management plan for 1998 was revised to include
a new set of performance indicators. Indicator selection was accomplished using the IAEA-J4-CT-2883
draft working document for selecting safety performance indicators. All ten WANO indicators were
included. In November 1998, a workshop on "operational safety performance indicators" organized by
IAEA was held in the station. The station management adopted the indicator framework developed at the
IAEA, including the three attributes and the strategic groupings. The current management plan was
subsequently expanded to include a total of 230 specific indicators (or first level), most of which
represented plant specific measures.

The implementation of the program required the modification of computer programs and plant
procedures, training and communication to the staff. During the process of selecting the performance
indicators, some concerns were raised that there were "already too many indicators" and that "some
indicators identify problems that need fixing and activities that have positive impacts". The latter could
create unnecessary personal conflicts amongst concerned departments, especially with regard to
aggregated measures for reporting to senior management. For this reason, the communication and
discussion process to reach final agreement on the indicator definitions took much longer than expected.

The station is still evaluating the application of risk based indicators. Currently, resource priority has been
given to finalizing the level 2 PSA study. This group of indicators (e.g. risk index during shutdown and
normal operation) has been incorporated in the management plan for the year 2000. The framework
adopted by GNPS is sampled in Figs 1 to 3.

Establishing Indicator Definitions

The station believes that the key to success in the implementation of the operational safety performance
indicator program is to adopt a "disciplined approach". All too often performance measurement programs
were established with good intentions, but some failed because they were shortsighted, ill conceived and
unfocused. Most of these shortcomings can be traced to one source: the lack of a viable approach to
performance measurement from the start.

The development of a precise description for each indicator definition is an important step for data
collection and calculation. All the indicators selected were studied by a cross-functional group of
experienced staff who had attended the IAEA’s operational safety performance indicator workshop. The
program facilitator reviewed all the proposed plant specific definitions before they were included in the
standardized computer input card. The computer-input card was formatted to provide the necessary
information, such as the names of the responsible branches for data collection and verification,
calculation formulas, etc. A responsible manager was assigned to ensure the quality of data collection,
data processing and to co-ordinate data trending and follow-up of relevant corrective actions derived from
the performance variances. The criteria for evaluating the performance variances were formulated on
each input card and a color coding system was used to identify the variances.

Identification of Goals

The station management believes and widely communicates the slogan "what gets measured gets done".



For example, once an indicator was developed to track an item (e.g. "lit anunciators"), the operating staff
became much more aggressive in reducing this number. However, it should be noted that the
development of certain indicators could produce unexpected results. An indicator to reduce the number of
outstanding alarms in the control room may lead to an unintended outcome of increasing the number of
jumpers. Additional measures would then be needed to ensure jumper control.

In setting goals, the station management observed the following five points:

• The cause and effect of outcomes are not easily detected.

• Poor results do not necessarily reflect poor execution.

• Numerical quotas do not fix defective processes.

• Measurements only approximate the actual system.

• Performance measures do not ensure compliance with laws and regulations.

The station management plan requires the plant to achieve the WANO top quartile performance by the
year 2002. As a result, goal setting for the ten WANO indicators was clear. For the remaining indicators,
goals were established with the consideration of:

• Industry benchmarks

• Corporate business plan expectations

• Previous plant performance

• Achievability of the goal, with some measure of flexibility

Setting goals required extensive discussions and negotiations with responsible managers and staff
concerned to convince them to use the model developed at the IAEA and the indicators proposed.

Data Display and Interpretation

The introduction of the computerized Station Information System (SIS) in 1998 has helped improve
communication of performance measurement internally amongst employees, as well as externally
between the organization and its customers. The emphasis on measuring and improving performance
(result-oriented management) has created a new climate, affecting all departments within the company.
Station staff believe that a result-oriented organization requires timely and accurate information
depending on the effective communication of mission-critical activities. Additionally, the performance-
monitoring program is helpful in justifying plant improvement programs and their costs.

Prior to starting the operational safety performance indicator program, an implementation procedure was
written and incorporated in the station procedure manual. Training was provided to all concerned staff
prior to the use of new or modified procedures.

Standard data collection forms and computer data formats were also designed for use by authorized
persons in each individual area. While the computer format governs the method of data processing, each
performance indicator coordinator is responsible for data verification. Any missing information can easily
be seen and picked up by the responsible manager. The most important step is the verification by the
performance indicator co-ordinator of the effectiveness and validity of the data. The performance indicator



co-ordinator also carries out calculation and trend analysis. Performance variances are reported to the
responsible manager for strategic actions.

Information obtained by the performance indicator program is available at all 1000 computer terminals. In
addition to providing a graphic display of information and trends, the station utilizes a color rating system
to assess indicator performance relative to established goals. Color ratings for each indicator are
aggregated to produce ratings for higher level indicators or "windows". If any specific indicator in a given
area is rated "red" or unsatisfactory", the higher level window is also assigned a "red" rating to flag the
area for management attention and action. These color "windows" provide an effective management tool
for review of performance in critical areas.

To allow multiple sets of indicators to be compiled into an overall measure, the station has developed a
performance index system though in the initial stage. The indexes to date include WANO performance
index, safety culture index and corrective action index. This system is expected to enhance management
review of station performance for the purpose of decision-making, and will be further improved in the
years to come.

Key indicator results are also displayed graphically on 2 large LED display boards at the plant and office
entrances. The responsible manager for each performance indicator must review performance results
with his branch heads on a monthly basis and establish improvement strategies for those indicators rated
other than "green" or "significant strength". Indicator reported as "unsatisfactory" or those persistently
rated as "needs improvement" are reviewed in the plant nuclear safety committee. A performance
indicator program report is distributed to all branches and departments monthly and discussed in the
senior management meeting.

The Station Information System was upgraded to Corporate Information System (CIS) in 1999, using
improved information technology, for faster and more convenient dissemination of station information to a
wider scope of users in-house. The performance indicators program resides in this Web page. The Web
page is menu-driven and user-friendly (see Figs. 4 to 11). A click on the "station performance indicators
program" menu button on the Corporate Information System guides the user, on any computer terminal
within the station, to input source data or to obtain indicator information from the system. Evaluation,
verification of data and trend analysis can also by performed at authorized computer terminals. The
inclusion of performance indicators on the LAN computers has made a great contribution toward the
success of the performance indicator information dissemination, and has also contributed to spreading a
clear message that "what gets measured gets done".

Management Involvement

Plant management reviews the performance indicators on a monthly basis in the management direction
team meeting. Responsible managers analyze all performance variances and set strategic actions for
improvement. The plant nuclear safety committee reviews all variances concerning nuclear safety. Plant
performance results are reviewed and discussed with corporate management monthly. Plant and
corporate management are strongly supporting the development of risk based indicators, with the aim of
generating forward looking risk profiles for performance assessment. Figs. 12 to 14 are samples of
management review tools.

The station has received excellent support and encouragement from the corporate management for
upgrading all LAN computers and for developing the Intranet for effectively enhancing plant performance
measurement, analysis and results dissemination. Drive from the corporate management to look into the
different approaches that can be taken to develop a performance index system is another example of
keen support from the senior management.

Insights and Lessons Learned



The station’s operational safety performance indicator program is on the charted path of achieving its
goals. However, it is difficult to obtain agreement from all departments on the unified indicator system,
given the complexity of the four levels and with the expectation that the lower level indicators should
serve its next upper level as leading indicators.

The assumption of achieving the set goals at the lowest level indicators should warrant the zero
performance variances at the first level indicators.

Senior management’s enthusiasm for arranging a performance indicator seminar requiring all department
managers and facilitators to attend during the third quarter of 1999 has been a very promising support to
the indicator program based on the one developed at the IAEA.

To support the indicator program, it is necessary for all managers to understand Dr. Deming’s statement:

• Management’s job is prediction and there is no prediction without theory;

• There are no data on the future, data from the past must be used to form a base for prediction;

• 94% of the changes required for improvement will require action by management.
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Fig.14 Management Review Tools – sample of indicator’s monthly trending



Safety Performance Indicators Workshop
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countries, while maintaining financial stability, and thus to contribute to the development of the world economy;

− to contribute to sound economic expansion in Member as well as non-member countries in the process of economic
development; and

− to contribute to the expansion of world trade on a multilateral, non-discriminatory basis in accordance with
international obligations.

The original Member countries of the OECD are Austria, Belgium, Canada, Denmark, France, Germany, Greece,
Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom
and the United States. The following countries became Members subsequently through accession at the dates indicated hereafter:
Japan (28th April 1964), Finland (28th January 1969), Australia (7th June 1971), New Zealand (29th May 1973), Mexico (18th
May 1994), the Czech Republic (21st December 1995), Hungary (7th May 1996), Poland (22nd November 1996), Korea (12th
December 1996) and the Slovak Republic (14th December 2000). The Commission of the European Communities takes part in the
work of the OECD (Article 13 of the OECD Convention).

NUCLEAR ENERGY AGENCY

The OECD Nuclear Energy Agency (NEA) was established on 1st February 1958 under the name of the OEEC
European Nuclear Energy Agency. It received its present designation on 20th April 1972, when Japan became its first
non-European full Member. NEA membership today consists of 27 OECD Member countries: Australia, Austria, Belgium,
Canada, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg,
Mexico, the Netherlands, Norway, Portugal, Republic of Korea, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the
United States. The Commission of the European Communities also takes part in the work of the Agency.

The mission of the NEA is:
− to assist its Member countries in maintaining and further developing, through international co-operation, the

scientific, technological and legal bases required for a safe, environmentally friendly and economical use of nuclear
energy for peaceful purposes, as well as

− to provide authoritative assessments and to forge common understandings on key issues, as input to government
decisions on nuclear energy policy and to broader OECD policy analyses in areas such as energy and sustainable
development.

Specific areas of competence of the NEA include safety and regulation of nuclear activities, radioactive waste
management, radiological protection, nuclear science, economic and technical analyses of the nuclear fuel cycle, nuclear law and
liability, and public information. The NEA Data Bank provides nuclear data and computer program services for participating
countries.

In these and related tasks, the NEA works in close collaboration with the International Atomic Energy Agency in
Vienna, with which it has a Co-operation Agreement, as well as with other international organisations in the nuclear field.

© OECD 2001
Permission to reproduce a portion of this work for non-commercial purposes or classroom use should be obtained through the Centre français
d’exploitation du droit de copie (CCF), 20, rue des Grands-Augustins, 75006 Paris, France, Tel. (33-1) 44 07 47 70, Fax (33-1) 46 34 67 19, for
every country except the United States. In the United States permission should be obtained through the Copyright Clearance Center, Customer
Service, (508)750-8400, 222 Rosewood Drive, Danvers, MA 01923, USA, or CCC Online: http://www.copyright.com/. All other applications for
permission to reproduce or translate all or part of this book should be made to OECD Publications, 2, rue André-Pascal, 75775 Paris Cedex 16,
France.
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 COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS
 

The Committee on the Safety of Nuclear Installations (CSNI) of the OECD Nuclear Energy
Agency (NEA) is an international committee made up of senior scientists and engineers. It was set up in
1973 to develop, and co-ordinate the activities of the Nuclear Energy Agency concerning the technical
aspects of the design, construction and operation of nuclear installations insofar as they affect the safety of
such installations. The Committee's purpose is to foster international co-operation in nuclear safety among
the OECD Member countries.

The CSNI constitutes a forum for the exchange of technical information and for collaboration
between organisations, which can contribute, from their respective backgrounds in research, development,
engineering or regulation, to these activities and to the definition of the programme of work. It also reviews
the state of knowledge on selected topics on nuclear safety technology and safety assessment, including
operating experience. It initiates and conducts programmes identified by these reviews and assessments in
order to overcome discrepancies, develop improvements and reach international consensus on technical
issues of common interest. It promotes the co-ordination of work in different Member countries including
the establishment of co-operative research projects and assists in the feedback of the results to participating
organisations. Full use is also made of traditional methods of co-operation, such as information exchanges,
establishment of working groups, and organisation of conferences and specialist meetings.

The greater part of the CSNI's current programme is concerned with the technology of water
reactors. The principal areas covered are operating experience and the human factor, reactor coolant system
behaviour, various aspects of reactor component integrity, the phenomenology of radioactive releases in
reactor accidents and their confinement, containment performance, risk assessment, and severe accidents.
The Committee also studies the safety of the nuclear fuel cycle, conducts periodic surveys of the reactor
safety research programmes and operates an international mechanism for exchanging reports on safety
related nuclear power plant accidents.

In implementing its programme, the CSNI establishes co-operative mechanisms with NEA's
Committee on Nuclear Regulatory Activities (CNRA), responsible for the activities of the Agency
concerning the regulation, licensing and inspection of nuclear installations with regard to safety. It also co-
operates with NEA's Committee on Radiation Protection and Public Health and NEA's Radioactive Waste
Management Committee on matters of common interest.

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

The opinions expressed and the arguments employed in this document are the responsibility of
the authors and do not necessarily represent those of the OECD.

Requests for additional copies of this report should be addressed to:

Nuclear Safety Division
OECD Nuclear Energy Agency
Le Seine St-Germain
12 blvd. des Iles
92130 Issy-les-Moulineaux
France
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SUMMARY REPORT ON THE
USE OF PLANT SAFETY PERFORMANCE INDICATORS

1. Introduction on the use of performance indicators in a regulatory perspective [1]

2. Objective

In 1998, the OECD/NEA committee on Nuclear Regulatory Activities (CNRA) initiated an activity with
the objective of advancing the discussion on how to enhance and measure regulatory effectiveness in
relation to nuclear installations. One of the outcome of this activity was to establish a Task group to
develop internal (direct) performance indicators which would be used to monitor regulatory efficiency (“do
the work right”).

In parallel, a joint CNRA/CSNI group was launched in December 2000 to exchange information and
develop external (indirect) indicators to measure regulatory effectiveness, i.e. impact on licensee’s safety
performance (“do the right work”). These external indicators are, in other words, the traditional plant
performance indicators and these are the ones that this report deals with.

According with CNRA and CSNI mandate [2,3], the objective of this joint activity is:

• to compile a summary report on plant performance indicators currently being used or being tested
by regulatory bodies.

• to prepare sets of common performance indicators that could be used by each regulatory body

• to prepare a summary paper to be presented as input to the IAEA topical meeting in September
2001 on this subject

3. Background

On the initiative of the NEA/CSNI Working Group on Operating Experience the Spanish CSN hosted a
workshop (Madrid, 2000) to review the state of the art on Safety Performance Indicators. This workshop,
which was cosponsored by the IAEA and WANO was attended by 73 participants from 19 countries,
representing the industry, regulators, service companies as well as international organisations. [4]

The conclusions were:

1. there is considerable development effort on performance indicators in many countries.
2. utilities continue to rely on the WANO Performance indicators system which consists of  indicators in

8 key areas and receives data from virtually all commercial NPP’s in the world.
3. Regulators do not have a common set off performance indicators.

This report presents the work performed by the joint CNRA/CSNI task group mentioned above. It provides
a summary of the sets of PI’s being used by different regulatory bodies and WANO, it describes the
national practices on the use of PI’s and proposes a set of PI’s that could be used nationally describing
regulatory effectiveness and also as a basis for an international system.
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4. Task Force Method

According to CNRA/CSNI directive, the task force consisted of regulators, organisations which have a
performance indicators system in operation or under testing. Members of the group are listed in
Appendix 2.

The task force met in Paris on February 19-20, 2001. Each participant provided a brief description of the PI
System at his organisation and its usage.

The group identified a list of PI’s that are recommended to be used nationally by regulators.

This paper has been elaborated based on the information exchanged and discussions held in the February
meeting. A first draft was prepared and group members comments and concurrence have been managed
through e-mail communications.

5. Experience by the Users of Performance Indicators

The participating countries and WANO were asked to provide an overview of systems in use. The systems
for Spain, Finland, US, Sweden (proposal) and WANO are attached in Appendix 3. Notice that, except for
WANO system, this part deals with performance indicators used by regulators to monitor plant
performance.

Finland

Indicators used at STUK are measures related to the safety of nuclear installations and regulatory activities.
Indicators are numbers, ratios, percentages and amounts of matters that are found suitable for regulatory
purposes that is assessment and trending of the safety of nuclear installations and regulatory activities.
STUK's indicator system is divided into two main areas; safety of nuclear facilities and regulatory
activities. Safety of nuclear facilities is divided into 3 areas based on the concept of defence in depth;
safety and quality culture, operational events and physical barriers. Regulatory activities are also divided
into 3 areas; working processes, resource management and regeneration and ability to work.

Data needed for the calculation of indicators related to the safety of nuclear installations is gathered mainly
from the reports sent regularly and according to the reporting requirements to the regulator. However, there
are some indicators which calculation requires data that is not regularly reported to the regulator. These are
mostly related to the failure data. Every nuclear safety indicator has a responsible person who is
responsible for the data collection, calculation, assessment and reporting of his or her indicator on annual
basis.

Some of the indicators (bolded in the table in Appendix 3) are included in the management system of the
department of Nuclear Reactor Regulation. This means in practise that these indicators have internal goal
values and these are systematically (annually) calculated, assessed and reported within the regulator. Some
of these indicators are also included in annual report of STUK, but no formal decision has been made so
far to include all indicators to the annual report systematically. All indicators are available for the
personnel of STUK in the Intranet. So far, there is no formal decision to open these indicators to the public
at the STUK Internet site.

Indicators describing the safety of nuclear installations are used as a background material for the
discussions between regulatory and licensee management, safety assessment and inspections and also
focussing of regulatory investigations. How indicators are used to assess performance safety is mainly to
identify changes in the trends of safety and then to find out the causes for the changes.
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France

In France a committee has started the development of indicators for the confidence in the transparency of
information about French nuclear facilities. The committee works are devoted to Government and Public.

The RECUPERARE method, a model developed by IPSN for operating experience feedback analysis
presented at the October 2000 PI meeting in Madrid, is used to analyse incident reports. For the time being,
IPSN emphasises the difficulty in connecting performance indicators to safety.

Spain

CSN has operated a PI system since the mid 1990’s. The system is based on the one used by the USNRC
and therefore can be used to compare the performance of Spanish and US plants of similar technology and
vintage. When USNRC changed its system in 2000,  CSN designed a new system that build on the
experience of the existing one and gathers data on the following parameters: performance stability,
reliability of mitigating systems, barrier integrity, and radiological impact.

The average values for the Spanish NPPs are currently made available to the public, in the future the values
for each individual plant will also be released to the public.

Spain has found it useful to compare the performance indicators for its plants with those of US plants. As
an example, differences have been identified in the reliability of external power supply due to the lower
stability of the Spanish electrical grid, and in operating practices such as faster start ups after non
scheduled shutdowns in Spanish NPPs. The root causes and impact of these differences on safety have
been evaluated by the CSN.

Based on this experience the CSN supports international efforts to develop a common set of PIs that allow
exchange of data among interested parties.

In Appendix 3 are included the list of the running Spanish PI System and the draft list of the new ones
under development.

Sweden

SKI is developing a PI System. The indicators to be collected are given in Appendix 3. The set has been
developed based on a research project presented at the Madrid meeting. In order to get a quick start and not
so time consuming work SKI decided to test an indicator system without the part dealing with the
probabilistic approach as shown in the Madrid meeting. The probabilistic part is planned to be used at a
later stage. So far SKI has for the last half year used indicators for safety evaluation during the plant safety
review meetings. It should be noted that this set represents SKI, Swedish Nuclear Power Inspectorates area
of responsibility. In Sweden the Radiation Protection Institute provides information on radiological doses
and releases.

United Kingdom

The NII is examining the requirements for safety performance indicators for the regulator and the industry
in the UK. External and internal indicators are being considered, together with direct and indirect measures
in order to develop the two sets.

The industry in the UK has seven major types of installation e.g. Large power reactors, waste treatment
plants, submarine refuelling facilities. Therefore, longer term intention is to develop a set of indicators for
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the industry which can be applied to all types. This is likely to involve a common set of indicators plus
surrogates for the different types. Earlier internal methods of NII for measuring the trends in the safety
performance at large power plants and at reprocessing plants are being re-examined.

The seven or eight indicators from this meeting will be tried during 2001 in a pilot study of their
practicality.

United States of America

No NRC representative attended the February meeting of the task force. However, NRC provided input for
this activity. The input consisted of and excerpt of the US NRC document SECY 99-007
“Recommendations for Reactor Oversight Process Improvement”.

The NRC has revamped its PI System and the new one running since 2000 consists of 3 safety strategic
areas: reactor safety, radiation safety and safeguards. Each area is split into one to four cornerstones:
initiating events, mitigating systems, barrier integrity and emergency preparedness, for the area of reactor
safety; public radiation safety and occupational radiation safety, for the area of radiation safety, and
physical protection for safeguards.

For monitoring each cornerstone specific indicators have been developed. For each indicator there are
numerical thresholds of acceptable performance and those thresholds are established making use of
performance experience, PSA insights.

The NRC Performance Indicators System, as part of its Reactor Oversight Process is described at the
internet address www.nrc.gov/NRR/OVERSIGHT/ROP/documents.html

WANO

An overview of WANO indicators is given in Appendix 3.

WANO emphasises that the definitions of their indicators are very specific, and closely connected to
WANO's mission. The system is continuously under a review process.

WANO is developing a tool to enable their members to evaluate routinely the collected set of indicators
according to their desires. Presently, about 200,000 data points are available. Some statistical indicator
values are presented in a yearly trifold annual report publicly available.

6. Commonalities and Differencies in Used Performance Indicators

The presently used Performance Indicators were reviewed in a three steps process.

1. First indicators used in at least two agencies were identified.
2. The second step was to identify the most used indicators.
3. The third step was to assess if the indicators were universally understood, objective and obtainable

from available data.

6.1 PI’s used in more than one agency

The task force participants reviewed the list of PIs in use at their agencies and withdrew the list of
indicators used at least at two of them. The list obtained is presented in table 1.
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TABLE 1.- LIST OF PERFORMANCE INDICATORS USED AT MORE THAN ONE AGENCY

Running Programs Programs in development
STUK CSN NRC WANO SKI NII IPSN CSN

Unit Capability Factor X X X
Unplanned capability loss
factor

X X

Power reductions X X X X X
Scrams X X X X X X X X
Availability of safety systems X X X X X X
Unplanned safety system
actuations

X X X X

Safety system failures in
actual events

X X X X

Fuel integrity X X X X X
Chemistry PI X X
Integrity of reactor coolant
system

X X X X X

Integrity of containment X X X
Radioactive releases X X
Radioactive dose to public X X X
Collective radiation exposure X X X X X X
Significance of events X X X X X
Violations of technical
specifications

X X X

Delays in documentation of
plant modifications

X X

Maintenance poor
interventions

X X X

Industrial safety X X X
Causes of events X X X

Table notes:

Running programs.- Performance Indicators programs that are presently run.

Programs in development.- Performance Indicators programs that are in a development phase. Indicators
contained in these programs need still to be formally approved.

Significance of events.- this indicator has several meanings. It is, for instance, the conditional core damage
frequency estimated for a given event after making use of Probabilistic Safety Analysis technics (STUK,
IPSN). In the case of CSN, it is referred to significant operating events based on national reporting
requirements? and in a case of WANO, it is referred to the events by separately issued confidential
documents dealing with operating experiences that are considered specially relevant for their root causes,
lessons learnt and/or risk to the plant.
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Number of events.- some agencies take this figure as an indicator including safety significant events based
on national reporting requirements. However, taking into account that national reporting requirements vary
very much from country to country and that more explicit indicators related to number of events such as
number of scrams and power reductions are already included in the list, the number of events was not
included in the list.

6.2 PI’s used in at least four agencies

There are seven indicators that are present at most agencies (at least at four out of the seven represented at
the Task Force February 2001 meeting). These indicators are:

� Power reductions
� Scrams
� Availability of safety systems
� Fuel Integrity
� Reactor coolant system integrity
� Collective radiation exposure
� Significance of events  s

6.3 Characteristics of the seven most used indicators

The seven most used indicators were assessed as to whether they meet the following characteristics
considered recommendable for any use:

� Universally understood

In spite of differences in definitions, it was found out that there is a rather broad consensus on
the meaning of each of these indicators. Probably the main difference is for scrams, as WANO
and NII are counting only automatic scrams, while all others are counting both automatic and
manual scrams.

� Objective

It was agreed that these indicators are not susceptible to manipulation, subjective approaches.

� Easily obtainable from available data

It was verified that the data needed to obtain these indicators are already available at all
participant regulators, the exception being “Safety System availability”, which is not directly
available at some regulators, but is obtainable by computing some data. Many NPPs have such
data, anyway, as they are reporting this indicator to WANO .

� Applicable to international exchange among interested regulators

As long as the definitions are the same, or close, they allow exchange among interested parties.

All of the above seven indicators meet these characteristics Significance of events excluded. The reason is
that the definition of “significance” varies very much; even when PSA is used as the main “significance”
measure. PSA models vary very much from place to place in terms of scope, depth of the model, etc., plus
Accident Sequence Precursor techniques are also different. Therefore, the task group decided that this is
not an appropriate indicator to be used at an international level for the time being.

The task group also checked out availability and publicity of these indicators, in terms of:
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Availability.- Data needed to calculate the indicator is easily available for the regulator (regularly
reported by licensees  through licensee event reports, periodical reports (monthly, quarterly,
annual).

Publicity.- the regulator is presently publishing these indicators on the annual report to the
parliament, website etc.

The results of this survey are presented in Tables 2 and 3.

TABLE 2.  INFORMATION NEEDED TO OBTAIN THE INDICATOR IS EASILY AVAILABLE FOR THE
REGULATORS FOR THE INDICATORS MARKED WITH X ON THE TABLE

STUK CSN NRC SKI NII IPSN
Power reductions X X X X X X
Scrams X X X X X X
Availability of safety systems X X X X X
Safety system failures in actual events X* X X X X X
Fuel integrity X X X X X X
Integrity of reactor coolant system X X X X X X
Collective radiation exposure X X X X

* Data is available and reported to the regulator but the indicator is not calculated as a separate indicator in
STUK because of the rarity of this kind of events.

TABLE 3.  REGULATORS ARE PRESENTLY PUBLISHING FOLLOWING INDICATORS MARKED WITH X ON
THE TABLE

STUK CSN NRC IPSN SKI NII
Power reductions X X X X X X
Scrams X X X X X X
Availability of safety systems X
Safety system failures in actual events X
Fuel integrity X
Integrity of reactor coolant system X
Collective radiation exposure X X X X X

Note to Table 3: WANO data are not generally available to public. Only the annual global results are
available.
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Performance Indicators definitions

The task group has noticed that even counting a specific indicator, there are some slight differences in
definitions. E.g.:

- Power reductions: some agencies are counting any power reduction of rated power (STUK), over
20% power reductions (NRC), or turbine generator disconnection from external electrical grid
(CSN, IPSN).

- Scrams: Some agencies are counting only automatic scrams (WANO and NII), while all others are
counting both automatic and manual scrams. Some are defining a scram as a “an actuation of
the reactor protection system that takes the reactor from critical to subcritical”, while others are
counting scrams only if the reactor power is above a given value, e.g. 5% of reactor power.

- Fuel integrity: some are assessing it as a % of the Technical Specification limit of reactor coolant
concentration of equivalent I-131 equivalent (CSN, NRC), while others are considering the
absolute reactor coolant activity.

- Availability of safety systems: most agencies are taking into account availability of the Emergency
Core Cooling Systems (either high or low pressure), emergency feedwater and emergency AC
power sources.

It was concluded that some harmonisation in definitions is needed to make sure that each one is counting
precisely the same matter if these indicators are going to be used and presented at international level.

7. Conclusions and Recommendations

Experience

1/ Many regulatory bodies of the OECD countries have considerable experience in developing and
using performance indicators. In several cases, performance indicators data have been collected for
a significant period of time and the use of indicators has been gradually improved based on
experience.

2/ Basic criteria for selecting and using a performance indicator system should be established. The
Task Group recommends that the following criteria be used:

a) the indicators should provide an objective indication of safety performance;
b) the indicators should be easily understandable; and
c) the data needed should be easily obtainable from existing data collection systems

3/ The review of the Task Group indicates that there is a set of indicators which fit the above criteria
and is already commonly used by a number of Regulatory Bodies.

These indicators are:

- power reductions
- number of scrams
- availability of safety systems
- fuel integrity
- reactor coolant system integrity
- collective radiation exposure
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Limitations

1/ Performance indicators by themselves provide an indication but not a complete measure of the
safety of a nuclear power plant. Furthermore, some indicators are an aggregation of several
parameters. This must be carefully considered when trends in indicators are evaluated.

2/ Although the indicators shown above are common to several Regulatory Bodies, there are slight
differences in the definitions used by various organisations. Caution must therefore be used when
exchanging information even on indicators that have identical names.

3/ Performance indicators should be used preferentially to compare performance over time; caution
must be used in comparing different plants and/or plants in different countries.

Task Force proposals and recommendations

1/ The minimum set of performance indicators listed above may be used by all CNRA/CSNI member
countries. Experience with the use of these indicators should be reported to the CNRA/CSNI.

2/ Further work to harmonise the definitions of the various indicators is needed; this can be carried
out in a follow-up meeting of the Task Force.

3/ There is development work being performed by various organisations, CSNI/CNRA should
authorise the Task Group to meet periodically to assess these new developments and provide
recommendation for a common set of performance indicators.

4/ CNRA/CSNI should also promote exchange of other nationally collected PI’s among interested
regulators. However, new indicators need to be evaluated before added to list. For this task
CNRA/CSNI should assign a group to harmonise definitions and evaluate experience with new
indicators.

5/ Development of standard tools to display, interpret and analyse trends would be useful; this work
could be carried out by the current Task Force supported by the NEA Secretariat.

6/ Given the vast experience acquired by WANO in operating a universal system of performance
indicators, the Task Force recommends that co-operation with WANO be intensified.

7/ Co-operation with the IAEA should also be intensified to support them in their effort to promote
the use of performance indicators world-wide.
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Appendix 2: PERFORMANCE INDICATORS TASK FORCE

LIST OF PARTICIPANTS – MEETING 19-20 FEBRUARY 2001

Issy-les-Moulineaux

Mr Petteri TIIPPANA
STUK-Radiation & Nuclear Safety Authority
P.O. Box 14
FIN-00881 Helsinki
E-mail: petteri.tiippana@stuk.fi

Mr. Didier WATTRELOS
IPSN
CEA-FAR
BP 6
F-92265 Fontenay-aux-Roses
E-mail: didier.wattrelos@ipsn.fr

Mr. Jose M. BALMISA
Consejo de Seguridad Nuclear
C/Justo Dorado, 11
28040 Madrid
E-mail: jmbg@csn.es

Mr. Javier ZARZUELA
Consejo de Seguridad Nuclear
C/ Justo Dorado, 11
28040 Madrid
E-mail: jzj@csn.es

Dr. John W. BARTLETT
NII-Nuclear Safety Directorate
St Peter's House
Stanley Precinct
Bootle, Merseyside L20 3LZ
E-mail: john.bartlett@hse.gsi.gov.uk

Mr. Jürgen SCHLEGEL
WANO-PC
43 rue Vineuse
75116 Paris
FRANCE
E-mail: schlegelj@wanopc.org

Mr. Lennart CARLSSON
OECD/Nuclear Energy Agency
Bât. B - Le Seine Saint Germain
12, Boulevard des Iles
92130 Issy-les-Moulineaux
FRANCE
E-mail: lennart.carlsson@oecd.org

.

mailto:jzj@csn.es
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APPENDIX 3

Spain running set of performance indicators:

- Automatic scrams while reactor critical

- Safety systems actuations

- Significant events

- Safety system failures

- Forced outage rate

- Forced outage rate for 1000 critical hours of critical commercial operation

- Radiation exposure to workers
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Future Performance Indicators of Spanish NPP

PERFORMANCE INDICATOR
AREA

Unit Capability Factor (%)

Non scheduled shutdowns/year (excluding SCRAMS)

SCRAMS/7000 critical hours (auto + manual)

Non scheduled Safety System Actuation (1)

/year

PPPEEERRRFFFOOORRRMMMAAANNNCCCEEE   SSSTTTAAABBBIIILLLIIITTTYYY

Safety System Failures(2) / year

Safety System Unavailability / year
RRREEELLLIIIAAABBBIIILLLIIITTTYYY   OOOFFF   MMMIIITTTIIIGGGAAATTTIIINNNGGG

SSSYYYSSSTTTEEEMMMSSS

RCS Activity (% TS limit)

RCS Identified Leakage (% TS limit) BBBAAARRRRRRIIIEEERRRSSS   IIINNNTTTEEEGGGRRRIIITTTYYY

Collective Radiation Exposure  to workers (Sv-year)

Volume of Low and
Medium Level Solid
Radioactive Waste
Activity of Gas
Radioactive Release
Activity of Liquid
Radioactive Release

Under Consideration

whether to substitute these

three indicators by a new

one:

radiological dose to critical

individual of public

RRRAAADDDIIIOOOLLLOOOGGGIIICCCAAALLL   IIIMMMPPPAAACCCTTT

(1) Safety System Actuation: It is counted as long as the challenged System fulfils its function: to

inject water, to supply power. Auxiliary Feedwater actuations, when properly actuated, e.g.,

following a scram, are excluded.
(2) The Safety Systems considered vary at different reactor design:

PWR. BWR
Emerg. AC Power
system

Emerg. AC Power
system

HPSI HPCI/HPCS
RHR IC/RCIC
AFW RHR
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Running set of performance indicators in Finland:

SAFETY OF NUCLEAR FACILITIES
 A1 Safety and quality culture
number of failures of TS equipment
ratio between corrective and preventive maintenance tasks
repair time of failures of TS equipment
number of single and multiple maintenance erros (CCF)

 A1.1 Failures and their repairs

number of technical common cause failures
number of non compliancies with TS A1.2 Number of TS deviations
number of exemptions from TS

 A1.3 Availability of safety systems unit specific WANO indicators
annual collective dose A1.4 Radiation doses
annual average of ten highest doses
radioactive releases to the atmosphere
radioactive releases to the water system

 A1.5 Radioactive releases

calculated dose of the most exposed person living near the NPP
 A1.6 Documentation number of unupdated documents on the outage related to the plant

modifications implemented during previous outage (planned)
 A1.7 Investments annual investment rate to plant modernisation

 A2 Operational events
 A2.1 Number of events number of reported operational events according to Guide YVL 1.5

calculated risk significance of
TS exemptions
failures of TS equipment
preventive maintenance of TS equipment

 A2.2 Significance of events

operational events
number of events caused by organisational factors A2.3 Causes of events
number of events caused by technical factors
number of malfunctions
number of real fire alarms
number of fires

 A2.4 Number of fire alarms

number of other rescue missions
 A3 Structural integrity

 A3.1 Integrity of nuclear fuel a maximum activity of the primary circuit equivalent to I-131
WANO chemistry index A3.2 Integrity of primary circuit
volume of identified and unidentified leakage (planned)
overall leakage of isolation valves compared with the highest allowed
overall leakage of the isolation valves
percentage of isolation valves that passed the leakage test at the first
attempt

 A3.3 Integrity of containment

an overall leakage of containment’s entrance and other holes in relation
to the highest allowed overall leakage of these holes
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Introductory Indicator System for SKI

DEF. IN DEPTH BARRIERS

1.Prevention 1.1 Robust design and constr.:
of abnormal oper. 1.1.1 Fuel 1.1.1 No. of fuel failures

and failures 1.1.2 Primary press.boundary 1.1.2. Later
1.2 High qual. in maint.and oper. 1.2.1 Rate of violations of Tech.Spec

by plant pers. contr.and others.
1.2.2 Rate of maint. problems
(repeated maint. or overdue maint).

Initiating 1.3 Initiating events 1.3.1 No.of scrams
Events 1.3.2 No. of safety system initiations

2. Control of abnorm. 2.1 Robust superv. systems 2.1.1Unavail. for supervision
operation and and protect. systems

detection of 2.1.2 No. of incid.w.failing syst. at scram
Failures 2.2 High quality in maint. and oper. 2.2.1and 2.2.2. See 1.2.1 o 1.2.2

3.Control of accid. 3.1 Effective safety systems 3.1.1Unavail of safety systems
within the design 3.1.2 Unavail.of separat. barriers

Basis 3.1.3 No. of leaking cont isolat. valves

3.2 High quality in maint. and oper. 3.2.1 and  3.2.2. See 1.2.1 o 1.2.2

3.3Effective emerg. oper. proceed.

4. Control of severe 4.1 Conseq. mitigating measures 4.1.1 Unavail.of conseq. mitig systems
plant conditions, 4.1.2 Unavail. of  supervision systems
incl. prevent. of 4.2 High quality of oper. and maint. 4.2.1and 4.2.2. See 1.2.1 o 1.2.2

accident progress.
and mitigating of the

consequences 4.3 Physical protection Later
of severe accidents

4.4 Effective accid.management Later

5. Mitigation of 5.1 Prep. measur.for eff. Info to Later
radiological conseq. and protect. of the population

of significant releases
of radioact. materials

6. Global safety 6.1.1 Unplanned loss of production
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WANO Performance Indicator Programme

The WANO Performance Indicator Programme supports the exchange of operating experience information
by collecting, trending and disseminating nuclear plant performance data in eight key areas. The data is
quarterly gathered for a set of quantitative indicators of plant performance in the areas of plant safety and
reliability, plant efficiency and personal safety.

These indicators are intended principally for use as a management tool by nuclear operating organisations
to monitor their own performance and progress, to set their own challenging goals for improvement and to
gain additional perspective on performance relative to that of other plants.

The internationally agreed programme is continuously reviewed and further developed to allow individual
plants to compare their performance more easily with industry average values. For many years the level of
reporting data has grown to nearly 100% of the operating nuclear power plants reporting at least seven
indicators.

Overall results are annually issued for public information. Confidential unit results are quarterly updated
and continuously available for all WANO members.

The WANO Performance Indicator set comprises since year 2001:

Unit Capability Factor
The unit capability factor is the percentage of maximum energy generation that a plant is capable of
supplying to the electrical grid, limited only by factors within control of plant management.

Unplanned Capability Loss Factor
The unplanned capability loss factor is the percentage of maximum energy generation that a plant is not
capable of supplying to the electrical grid because of unplanned energy losses, such as unplanned
shutdowns or outage extensions, limited only by factors within control of plant management.

Unplanned Automatic Scrams per 7000 Hours Critical
The unplanned automatic scrams per 7000 hours critical indicator tracks the mean scram (automatic reactor
shutdown) rate for approximately one year (7000 hours) of operation.

Collective Radiation Exposure
The collective radiation exposure indicator monitors the effectiveness of total personnel radiation exposure
controls.

Industrial Safety Accident Rate
The industrial safety accident rate tracks the number of accidents that result in lost work, restricted work or
fatalities per 200 000 work-hours.

Safety System Performance
The safety system performance indicator monitors the availability of three important standby safety
systems at each plant.

Fuel Reliability
The fuel reliability indicator monitors progress in preventing defects in the metal cladding that surrounds
fuel.
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Chemistry Performance
The chemistry performance indicator provides an indication of progress in controlling chemical parameters
to retard deterioration of key plant materials and components.

The latter three indicators are defined in a manner that reflects differences in plant-specific design,
configurations or operational practices. As a result, data cannot simply be summarised across all reactor
types for comparison purposes.

The volume of solid radioactive waste indicator and thermal performance indicator as well were cancelled
as WANO performance indicators, because the WANO members felt that these indicators were
internationally not very well comparable and not very well connected to the WANO mission respectively.
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