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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.



83

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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