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 Since the late 1980s, the IAEA has been actively sponsoring work in the area of 
indicators to monitor nuclear power plant (NPP) operational safety performance. The early 
activities were mainly focused on exchanging ideas and good practices in the development and 
use of these indicators at nuclear power plants.  
 

Since 1995 efforts have been directed towards the elaboration of a framework for the 
establishment of an operational safety performance indicator programme. The result of this 
work, compiled in this publication, is intended to assist NPPs in developing and implementing 
a monitoring programme, without overlooking the critical aspects related to operational safety 
performance.  

 
The framework proposed in this report was presented at two IAEA workshops on 

operational safety performance indicators held in Ljubljana, Slovenia, in September 1998 and 
at the Daya Bay NPP, Szenzhen, China, in December 1998. During these two workshops, the 
participants discussed and brainstormed on the indicator framework presented. These working 
sessions provided very useful insights and ideas which where used for the enhancement of the 
framework proposed. The IAEA wishes to acknowledge the support and contribution of all 
the participants in these two activities. 

 
The programme development was enhanced by pilot plant studies. Four plants from 

different countries with different designs participated in this study with the objective of 
testing the applicability, usefulness and viability of this approach. The IAEA gratefully 
acknowledges the work developed and the effort made by the four participating plants. 

 
The work performed by all the participating experts, and the comments and ideas 

contributed by worldwide experts on operational safety are greatly appreciated. The IAEA 
officers responsible for this report were A. Gómez Cobo and J. Hashmi of the Division of 
Nuclear Installation Safety. 
�
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EDITORIAL NOTE 
 
The use of particular designations of countries or territories does not imply any judgement by the 
publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and 
institutions or of the delimitation of their boundaries. 

The mention of names of specific companies or products (whether or not indicated as registered) does 
not imply any intention to infringe proprietary rights, nor should it be construed as an endorsement 
or recommendation on the part of the IAEA. 
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8! ���%�8�%,%��%��#7�(� �&8$%�%�,%���'�!��! (���,��%,!5�%�����&��!����($$�(,8% �,��'��8%�(�!��($�
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($�+��5+�,('%�7�8%�'��&(� %� (��#%�!�'%��%��'��&��+%��%,�$�,�( +!%0%��@
!5���A��The numerical 
value of any individual indicator may be of no significance if treated in an isolated manner, 
but may be enhanced when considered in the context of other indicator performances. On the 
other hand, specific indicator trends over a period of time can provide an early warning to 
plant management to investigate the causes behind the observed changes. �� addition to 
monitoring the changes and trends, it may also be necessary to compare the indicators against 
identified targets and goals to evaluate performance strengths and weaknesses. �( +� 8$(���
�%%�,� ��� �%�%�&!�%�4+! +� !��! (���,� #%,�� ,%�0%� !�,� �%%�,�� �%$% �%�� !��! (���,� ,+��$�� ���� #%�
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 �$���%G� !��! (���,����#�!%'� !������ �!��� ���,('%�7� �$���%� !��! (���,� !,�8�%,%��%�� !�����%;����
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 The work developed during the IAEA project on ‘‘operational safety performance 
indicators’’ and presented in the following Sections was enhanced by pilot plant studies. Four 
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plants from different countries with different designs participated in this study with the 
objective of testing the applicability, usefulness and viability of this approach. Information on 
these pilot exercises is compiled in Annex III. 
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 In the original conception of this design, there was no intention to propose an 
aggregation of data from lower levels (specific indicators) to obtain a quantifiable value for 
the higher levels indicators (strategic and overall indicators). The intention was to use 
quantitative information provided by the specific indicators to analyse performance trends 
relative to established goals. Evidence of declining performance would then be utilized to 
develop a qualitative indication of performance at higher levels. However, some of the plants 
participating in the pilot studies (see Annex III) chose to assign quantitative values to each 
specific indicator, based on performance relative to the goal. These values were then 
aggregated by some means to derive a quantitative value for the higher level indicators and 
attributes. Annex III provides examples of the various means by which some of the pilot 
plants aggregated data for the purpose of performance assessment. Plants contemplating 
implementation of this programme are encouraged to adopt the specific method of data 
evaluation that best supports plant specific needs and resources.  
 
 The World Association of Nuclear Operators (WANO) has developed a set of ten 
performance indicators in use by all nuclear power plants. Where possible, these indicators 
have been proposed as specific indicators, as they are already in use and require no additional 
effort on the part of nuclear plant personnel. Where reference to WANO indicators has been 
made, the intent is to use the WANO definitions. 
 
 The following sections describe, for each safety attribute, the related overall and 
strategic indicators, and provide several examples of specific indicators. The indicators chosen 
are considered the most adequate parameters to assist in monitoring the safety attributes. 
However, it is important that each plant develop a programme that reflects its own specific 
needs. The suggested performance indicator framework is depicted in Figs 3---6 and AII-1. 
Examples and definitions of the specific indicators chosen are provided below. 
 
 
)���� "������"�	������=���3���
 
 Figure 4 shows the overall indicators chosen to represent the degree of smoothness 
with which the plant operates. These indicators are ‘operating performance’, ‘state of SSC 
(structures, systems and components)’, and ‘events’. 
 
���� ���������� �!�"#����$���"��%�$��&#�'��!��
 
 The first means of preventing accidents is to strive for high quality plant operations 
with infrequent deviations from the normal operational state. Normal operating systems take 
care of the power production in the nuclear power plant. The states of normal operation pose 
no challenge to the safety of the plant.  
 
 The plant disturbances are predominately caused by equipment failures in process or 
automation systems and by errors in testing, maintenance and operations. The challenges 
arising from anticipated abnormal occurrences would be countered in a straightforward 
manner by an appropriate response of normal plant systems.  
 
  One strategic indicator is defined here as appropriate to monitor this area.  
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 This measure addresses forced power reductions of some predefined percentage or 
more and forced outages.  
 
 Any operation at a power level less than the planned power level is considered a power 
reduction. The minimum power reduction that is reasonable to measure should be considered 
specifically by each plant. 
 
 Some forced power reductions and outages can be caused by conditions which are not 
under the control of plant management. An ideal indicator would take this into account. 
 
 Four examples of specific indicators are proposed:  
 

Specific indicator: number of forced power reductions and outages due to internal 
causes. 
 
Specific indicator: number of forced power reductions and outages due to external 
causes. 

 
 The number of forced power reductions and outages due to internal causes reflects the 
overall quality of plant operations and maintenance, and is directly tied to the ability of the 
licensee to maintain the reliability of systems, components and to operate the plant within its 
design limitations. The grid instability or failure is an example of external cause for a forced 
power reduction or outage. A more detailed and plant specific categorization of the forced 
power reductions and outages according to causes, for instance, gives more information about 
possible actions to be taken. 
 
 Specific indicator: unit capability factor (WANO performance indicator). 
 
 Specific indicator: unplanned capability loss factor (WANO performance indicator). 
 
���� ���������� �!�"#����"�"��#&�("�)!")��(*�(+("�'(��� �!#'$#���"(�,���-�
 
 The detection and correction of deficiencies is a part of normal day to day activities at 
a nuclear power plant. The objective of a plant maintenance programme is to preserve the 
inherent reliability, availability, and safety of plant structures, systems and components, and 
to restore the reliability and availability of plant structures, systems and components when 
they become degraded. Maintenance includes preventive, predictive, and corrective 
maintenance as well as surveillance activities and all activities associated with placing 
systems out of service and returning them to service in order to perform maintenance. 
Operations and maintenance personnel are responsible for assuring the operability of plant 
components, systems and structures.  
 

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 to a good and efficient maintenance programme, as described above, 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. 
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 Three strategic indicators related to the overall indicator ‘state of equipment structures, 
systems and components’ are defined, i.e. ‘corrective work orders issued’, ‘material 
condition’ and ‘state of the barriers’. 
 
"�������� ��
��	������������
#�$�

	����	���
���
�	
���	��
 
 A maintenance work order is a work package used to direct and document 
maintenance activities. 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. 
 
 Four examples of specific indicators are proposed: 

 Specific indicator: number of corrective work orders issued for safety systems. 
 
 A high number of corrective work orders issued for safety or safety related systems 
mean a clear deterioration of the systems reliability. 

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

 
 Some BOP systems are safety related or risk significant in the sense that deficiencies 
in their performance can not only lead to reactor scrams and plant transients but also 
jeopardize the plant ability to respond to disturbances. Therefore this indicator provides a 
measure of the deterioration of the BOP systems that are risk significant. Each plant will have 
to decide which systems should be included in the framework of this indicator. 

 Specific indicator: ratio of corrective work orders executed to work orders 
programmed. 

 
 A high number in this indicator indicates an effective maintenance programme and 
thus gives confidence that the equipment is adequately being looked after. 

 Specific indicator: Number of pending work orders for more than 3 months. 
 
 A high number in this indicator indicates an inefficient maintenance programme and 
thus gives an alarm that equipment is not being adequately looked after. 
 
"�������� ���
��	������������
#�%��	
��������������
 
 A good control of the plant chemistry and the ageing will help to ensure equipment 
life according to the design. 
 
 Two examples of specific indicators are proposed: 

 Specific indicator: Chemistry Index (WANO performance indicator). 

Specific indicator: ageing related indicators (condition indicators). 
 
Finding adequate ageing related plant specific indicators does not, at the moment, 

appear to be a very easy task. Each plant that decides to implement ageing related indicators 
will have to define them, probably based on the approaches they use to diagnose the condition 
of the SSC. 
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 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.  
 

Three examples of specific indicators are proposed: 

Specific indicator: fuel reliability (WANO). 

Specific indicator: RCS leakage. 

Specific indicator: containment leakage. 
 

���� ���������� �!�"#�������"(�
 
 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. Those events which 
expose equipment deficiencies would also be noted by the overall indicator described in 
Section 3.1.2. Some events could challenge multiple plant systems and cause disturbances that 
may not be easily mitigated. 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.  
 
 Fire events are not explicitly included as indicators in this part of the framework. It is 
recognized that fire events can have high safety significance but, on the other hand, the 
number of fires in nuclear power plants is, in general, small and, for many plants, probably, 
not significant enough to be tracked as an indicator. However, there are other lower level fire-
related events that, if monitored, could provide an early indication of future problems in 
relation to ‘‘fire safety’’. Therefore, the plant has to decide whether to include fire related 
indicators in their operational safety indicator system.2  
 

Two strategic indicators are defined, i.e. ‘reportable events’ and ‘significant 
incidents’. 
 
"���"���� ��
��	������������
#�&	��
����	�	�	���
 
 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 
specific regulatory body or other nuclear operators through WANO, events in IAEA-INES 
scale of level 1 or higher, etc.  
 
 Two examples of specific indicators are proposed: 
 
 Specific indicator: significant reportable events. 
 

                                                 
2 A discussion of fire related indicators is provided in Appendix I of IAEA-TECDOC-1134, Use of Operational 
Experience in Fire Assessment of Nuclear Power Plants, IAEA, Vienna (2000). 
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 The criteria for selecting the events to account for in this indicator could be, for 
example, events in the IAEA-INES scale of level 1 or higher.  

 Specific indicator: licensee event reports. 
 
 This indicator will be defined according to country specific regulations. 
 
"���"���� ��
��	������������
#������������������	���
 
 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.  
 
 Three examples of specific indicators are proposed: 

 Specific indicator: significant incidents due to hardware/design related causes 

Specific indicator: significant incidents due to human related causes. 

 Specific indicator: significant incidents due to external causes (i.e. meteorological 
conditions, external hazards, etc.). 

 
 These indicators should be defined according to plant specific criteria. 

 
)���� "������"�	�����*��3���*�	����
 
 This safety attribute considers the overall risk of the plant and can be monitored using 
the traditional deterministic approach and the probabilistic approach (see Fig. 5). Therefore, 
the proposed framework needs to present both approaches for monitoring this safety attribute. 
It should be noted that the probabilistic and deterministic approaches, as discussed in this 
document, are not mutually exclusive, but rather, complementary. 
 
���� ��"��'���("�!��$$�#�!.�
 
 The safety attribute ‘plant operates with low risk’ considers the overall risk of the 
plant and 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’.  
  
"�������� '�	
������������
#�$����	��	������	�����	��
 
 This overall indicator is directly related to plant safety. A low number of challenges 
translates into a lower possibility of having nuclear transients and/or accidents due to a 
reduced number of accident initiators.  

 In order to produce plant specific indicators that are meaningful, each plant should 
decide how to group the challenged systems according to a clear definition of safety system 
boundary. However, it seems appropriate to separate the specific indicator related to the 
RPS/ECCS/emergency electric power supply systems from the specific indicators related to 
other safety related systems. 
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Two strategic indicators are proposed, i.e. ‘actual challenges’ and ‘potential 
challenges’. 
 

)���������� ���(�%5! �!��! (������ ��($� +($$%�5%,�
 
 Within this strategic indicator, the following examples of specific indicators are 
proposed: 
 
 Specific indicator: unplanned automatic scrams per 7000 hours critical (WANO 

performance indicator). 
 
 Specific indicator: number of demands on RPS/ECCS/RHR/emergency power supply 

systems. 
 
 It gives a direct indication of the number of challenges to the systems that support the 
reactivity control safety function, challenges to the systems which support the control of 
inventory and core cooling safety functions and challenges to safety related power supply 
systems.  
  
 Specific indicator: number of demands on ‘‘other’’ safety systems.  
 
 It gives a direct indication of the number of challenges to other safety related systems. 
All automatic and spurious actuations are counted. Each plant has to determine which systems 
to include, based on a risk related rationale. 
 

)���������� ���(�%5! �!��! (�����"��%��!($� +($$%�5%,�
 

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. 
 
 The proposed indicators aim at monitoring low level events that might, in principle, 
not appear important since they do not seem to pose significant challenges to the plant. 
However, since they give an early warning of future plant challenges, it seems clear that their 
contribution to the risk may not be negligible. It should be noted that that the number of near 
misses could also be included as an example of specific indicator in the area of plant 
challenges; however, the difficulty for providing an unambiguous definition and the difficulty 
of monitoring this indicator need to be acknowledged.  
 
 Specific indicator: number of RPS/ESFAS failures. 
 
 This indicator is an indirect way of monitoring the number of spurious scrams or 
spurious safety system actuations. Due to the fact that the number of scrams is usually very 
low, counting the number of RPS/ESFAS failures found, for example, during tests or during 
normal operation, can be a useful indicator for an early detection of deficiencies that could 
cause a scram later in time. 
 
 Specific indicator: number of incipient or partial failures in safety significant BOP 

systems. 
 



�)�

 This indicator is another indirect way of monitoring the number of scrams. Due to the 
fact that the number of scrams is usually very low, accounting for the number of this type of 
precursors (BOP failures detected during normal operation or during tests) can be a useful 
indicator for an early detection of deficiencies that could cause reactor scrams later in time. 
Each plant has to determine which systems to include, based on a risk related rationale and on 
the knowledge of which systems failures would lead to a reactor trip. 
 
"�������� '�	
������������
#�!����������������
	���������������	��	�
 
 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. 
 
 Three strategic indicators are proposed, i.e. ‘safety system performance’, ‘operator 
preparedness’ and ‘emergency preparedness’. 
 
)���������� ���(�%5! �!��! (������('%�7�,7,�%&�8%�'��&(� %�
 
 Safety system performance is of obvious importance to plant safety. The unavailability 
can arise from different sources such as the following: 
 

�� unavailability during the performance of surveillance tests; 
�� unavailability during the performance of maintenance; 
�� unavailability due to human errors during the performance of tests or maintenance 

activities (for example components left in wrong positions after maintenance 
activities); 

�� unavailability due to equipment failures. 
 
 In order to produce plant specific indicators that are meaningful, each plant should 
decide how to group the safety significant systems for the purpose of accounting for system 
failures or system unavailabilities (i.e. considering the ECCS as a whole vs. treating high 
pressure safety injection and low pressure safety injection systems independently or even 
going further to define train level indicators. In other words, indicators may be produced at the 
safety function level, system level or train level, division level, etc.). 
 
 Five examples of specific indicators are proposed: 
 
 Specific indicator: number of failures in safety systems. 
 
 It gives an indication of the safety system reliability.  
 
 Specific indicator: number of hours a safety system is unavailable. 
 
 It gives an overall indication of the readiness of stand-by safety systems to respond to 
challenges to the plant. It is desirable that each safety system be monitored with its own 
indicator. In order to increase the number of occurrences to measure (and therefore have a 
more sensitive indicator) the hours of unavailability at the train level can be monitored. 
Additionally, each plant may consider further subdivision of this indicator based upon the root 
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causes of system unavailabilities. By unavailability it is understood that the train is out of 
service and unable to comply with its safety function. 
 
 Specific indicator: number of times a safety system is unavailable.  
 
 This indicator is related to the previous one, but it accounts for the number of times a 
safety system is unavailable. The reason to monitor it separately is because for plants with the 
same number of hours of safety system unavailability, the plant that performs more 
maintenance activities has a higher probability of leaving equipment in the wrong position 
(misalignment errors). 
 
 Specific indicator: safety system performance (WANO performance indicator).  
 
 Specific indicator: percentage of failures discovered by surveillance and testing. 
 
 This indicator is a measure of the effectiveness of the plant programmes in identifying 
equipment problems before this equipment is required in real situations. 
 
)���������� ���(�%5! �!��! (������8%�(����8�%8(�%��%,,�
 
 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. It is difficult to define 
indicators in this area because of their intangible nature. 
 
 The following four examples of specific indicators are proposed: 
 
 Specific indicator: number of hours devoted to training. 
 
 This indicator refers to the training for control room personnel and other staff who, in 
a plant disturbance, have to be able to respond to such challenge. This indicator could be 
either an absolute value (i.e. hours per year) or a ratio between training hours and working 
hours. Each plant shall determine what plant staff and which training should be counted for 
this indicator. 
 
 Specific indicator: number of failed licensing exams. 
 
 This indicator is a measure of the quality of operator training and the selection process 
of the operator. 
 
 Specific indicator: errors due to deficiencies in training. 
 
 This indicator reflects the quality of training received by operators so that they are able 
to adequately address plant challenges. 
 

Specific indicator: operator errors during accident scenarios in the simulator. 
 
 This indicator would require collection of data from simulator training. It is a measure 
of preparedness of the operators to cope with a variety of abnormal and/or accident situations. 
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Emergency management is that 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. 
 
 The following examples of specific indicators are proposed:  
 
 Specific indicator: findings during emergency drills. 
  

Specific indicator: findings during emergency plan audits. 
  

Specific indicator: number of hours devoted to training on the emergency plan. 
  

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

"�����"�� '�	
������������
#�!������������
������
���
 
 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. 
 

)�����)���� ���(�%5! �!��! (�����	!,/����!�5��8%�(�!���
 

The most adequate way to monitoring the risk during operation at power is the 
implementation and use of a PSA based risk monitoring system, as discussed in Annex II, 
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.  
 

The following examples of specific indicators are proposed:  
 
 Specific indicator: number of technical specification violations. 
 
 This indicator has also been proposed as an example of indicators to monitor the level 
of compliance with procedures, rules and licensing requirements (see Section 3.3.1 below). 
 
 Specific indicator: number of LCO (limiting conditions for operation) entries. 
 
)�����)���� ���(�%5! �!��! (�����	!,/����!�5�,+����4��
 

During shutdown the large amount of maintenance tasks performed and the 
combinations of system unavailabilities may lead to high risk configurations. An indicator of 
the level of risk during this operational state will promote risk awareness during shutdown and 
will help to minimize the hours spent in risk significant configurations during shutdown 
conditions. 
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 Specific indicator: Risk index during shutdown. 
 
 Based on a deterministic defence in depth based approach (i.e. safety function 
fulfilment, technical specification requirements, single failure criteria, etc.) a measure of the 
risk associated with certain configurations can be defined. 
 

���� ��#/�/���("�!��$$�#�!.�
 
 This attribute is quantifiable at a plant level by the estimated core damage frequency 
from a probabilistic safety assessment (PSA). Also, given the well defined structure of a PSA, 
probabilistic measures can be obtained at many different levels. All this probabilistic 
measures are potential candidates for the so called risk based indicators.  
 
 The indicators proposed, both for long term and short term evaluations, are described 
in Annex II. 
 

)�)�� "������"�	�����*��3���"�����>����
������������
 
 Figure 6 shows the overall indicators chosen to monitor the attitude of the plant staff 
towards safety. These indicators are ‘attitude towards safety’ and ‘striving for improvement’. 
 

���� ���������� �!�"#����""�") ��"#0�� (�(�&�"+�
 
 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. It consists of managerial and 
supervisory control, quality assurance programme implementation, adherence to licensing 
and/or technical specification requirements, and respect for internal procedures of the plant. 
Improper safety attitude would result in breakdown or lack of adequate management or 
supervisory control, breaches of operating, surveillance, or testing procedures, violation of 
technical specifications, QA/QC problems, etc.  
 
 Six strategic indicators are proposed, i.e. ‘compliance with procedures, rules and 
licensing requirements’, ‘attitude towards procedures, policies and rules’, ‘radiation 
protection programme effectiveness’, ‘human performance’, ‘backlog of safety related issues’ 
and ‘safety awareness’. 
 

"�"������ ��
��	������������
#�$��������	�������
��	��
	(�
��	��������	�����
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 The purpose of the indicator is to assess how well personnel maintain the plant within 
licensing requirements and comply with other procedures and rules. Licensing requirements 
include technical specifications, FSAR licensing basis, QA programme, fire protection 
programme, emergency plan, and others, depending on the licensing policy of the country. As 
a vital part of safety culture, it is essential that plant personnel understand the reasons for the 
safe limits of operation and the consequences of license violations. 
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 Three examples of specific indicators are proposed: 
 
 Specific indicator: number of violations of the licensing requirements. 
 
 The indicator measures the attitude of the personnel toward the importance of the 
licensing requirements. It also reflects the effectiveness and appropriateness of administrative 
controls.  
 
 Specific indicator: technical specification exemptions. 
 
 The purpose of this indicator is to ensure that the risk from potentially unsafe 
situations is minimized. A low number indicates that a pro-active approach is taken to 
problem solving.  
 
 Specific indicator: number of violations to technical specifications.  
 
 The indicator measures the attitude of the personnel toward the importance of the 
licensing requirements, specifically of the technical specifications. It also reflects the 
effectiveness and appropriateness of administrative controls. 
 
"�"������ ��
��	������������
#��������	�����
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	(�������	�����
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 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. 
 
 Five examples of specific indicators are proposed: 
 
 Specific indicator: number of lit control room annunciators. 
 
 The purpose of this indicator is to measure the awareness of the operators of the 
importance of annunciators and the plant’s response to operational deficiencies. 
 

Specific indicator: number of temporary modifications. 
 
 This indicator gives a measure of the number of problems that have been temporarily 
solved and indirectly assesses the effectiveness in providing a permanent or definitive 
solution. 
 

Specific indicator: ratio of downtime to allowed outage time (AOT). 
 
 The purpose of this indicator is to measure the effectiveness of managerial processes 
and controls and attitude of operators and maintenance personnel. This indicator can also be 
interpreted to mean the actual time in a technical specification LCO divided by the allowed 
LCO time. 
 

Specific indicator: number of findings in configuration management. 
  
 This indicator is very important because it provides a direct measure of the consistency 
between the actual plant features and their documentation, and, therefore, it also provides an 
indirect measure of how well plant staff are informed of the current plant status.  



�1�

Specific indicator: number of deviations found through QA audits in which plant 
personnel did not follow the procedures.  

 
 This indicator provides a measure of the compliance with procedures and an indirect 
measure of how much the procedures are followed by plant personnel. 
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 This is an indication of the effectiveness of the radiation protection programme, of the 
appropriateness of administrative control and of the level of safety culture in the plant. 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. 
 
 Four examples of specific indicators are proposed: 
 
 Specific indicator: number of workers receiving doses above limits. 
 
 This indicator is a measure of controls and verification activities and of adherence to 
the requirements of the radiation protection programme. Some plants may have internal limits 
that are lower than the limits imposed by law. In this case, the indicator should refer to the 
internal limits of the plant. 
  

Specific indicator: Collective radiation exposure (WANO performance indicator). 
 
 Specific indicator: Percentage of controlled area that is contaminated. 
 
 This indicator reflects the effectiveness of the radiation protection programme in 
minimizing the spread of contamination by plant workers. 
 

Specific indicator: Effluent activity vs. allowed limit. 
 
 This indicator provides a measure of public risk awareness. 
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 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.  
 
 Four examples of specific indicators are proposed: 
 
 Specific indicator: percentage of events due to human error. 
 
 This is a measure of the contribution of human errors to plant events. It indicates the 
degree of preparedness of operating personnel to handle routine tasks. 
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Specific indicator: percentage of events due to training deficiencies. 
 
 This is a measure of the contribution of the deficiencies in the training programmes to 
plant events. It has to be borne in mind that the preparation of training programmes is also a 
human activity and therefore deficiencies in training can be treated as part of the human 
performance area. 
 
 Specific indicator: percentage of events due to deficiencies in procedures. 
 
 This is a measure of the contribution of the deficiencies in the procedures to plant 
events. It has to be borne in mind that the preparation of procedures is also a human activity 
and therefore deficiencies in procedures can be treated as part of the human performance area. 
 

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

 
 The number of human related incidents during test or maintenance activities gives an 
indication of the degree of proficiency of the plant personnel. The final objective is to count 
the events that result into train unavailability due to components left in the wrong position 
(breakers left open, mis-aligned valves, etc.). However, in order to increase the number of 
occurrences to be considered (and therefore have a more sensitive indicator), all types of 
maintenance related human incidents can be accounted for. An increase in this indicator draws 
attention to human behaviour problems. 
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 This indicator provides a measure of the problem solving capacity of the organization. 
 
 Two examples of specific indicators are proposed: 
 
 Specific indicator: number of safety issues in the backlog (analysis phase). 

 
The indicator measures the total number of safety issues that are potentially applicable 

to the plant and have not been analysed in terms of their applicability and for which an action 
plan has not been drawn up. A consistent definition of what constitutes a safety issue needs to 
be followed by the organization.  
 
 To obtain more meaningful indicators, this indicator can be divided in three more 
specific indicators: issues in backlog for more that three months, issues in backlog for more 
than six months, issues in backlog for more than a year. 
 
 Specific indicator: number of safety issues in the backlog (implementation phase).  
 
 This indicator gives a measure of the total number of safety issues that have already 
been analysed and found applicable to the plant, but for which no action has been taken for 
their resolution.  
 
 To obtain a more meaningful set of indicators, this indicator can be divided in three 
more specific indicators: issues in backlog for more that three months, issues in backlog for 
more than six months, issues in backlog for more than a year. 
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 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. 
 
 Specific indicator: percentage of plant staff trained in safety management/safety 

culture.  
 
 This indicator gives a measure of the management’s interest in spreading safety 
culture among the staff. 
 
 Specific indicator: number of seminars on safety related matters. 
 
 This indicator gives a measure of the plant management’s interest in introducing new 
concepts and trends in safety culture among the plant staff and of the interest in ‘‘learning 
from others’’. 
 
 Specific indicator: percentage of attendance at safety related seminars.  
 
 This indicator gives a measure of the plant staff’s interest in improving their 
knowledge in safety related matters. 
 
 Specific indicator: number of external safety reviews, audits and assessments 

received. 
 
 This indicator gives a measure of the plant management’s interest in finding their 
deficiencies based on the experience provided by other experts external to the plant. It 
measures the level of ‘‘openness’’ and of the interest in learning and improving the self-
assessment practices. 
 
 Specific indicator: number of plant safety committee and executive committee 

meetings. 
 
 This indicator gives a measure of the plant management’s and plant owner’s interest in 
following and taking decision making actions on safety related activities, issues and events. 
 

���� ���������� �!�"#����"�����%�&#���'$�#��'��"�
 
 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. Deficiencies in this area are manifested in poor safety reviews and audit 
programmes, inadequate implementation of operating experience feedback, a lack of or 
incomplete root cause analyses, low effectiveness in clearing safety review and audit findings 
and poor communications between levels in the organization. 
 
 Figure 6 shows the two strategic indicators proposed, i.e. ‘self-assessment’ and 
‘operating experience feedback’. 
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 Safety reviews and audits are very important part in the framework of the plant 
self-assessment activities. Internal safety reviews and audits are performed to assess 
effectiveness of the plant programmes and procedures, to verify by examination and 
evaluation of objective evidence whether elements of the programmes and procedures 
conform to specified requirements, to assess the effectiveness of controls and verification 
activities, to report findings and deficiencies to all levels of management who need to be 
informed and who take corrective action, and to verify that corrective actions have been 
planned, initiated, or completed. 
 
 Five examples of specific indicators are proposed: 
 
 Specific indicator: number of independent internal safety and QA inspections and 

audits. 
 
 Internal safety and QA inspections and audits are important tools for improving plant 
safety and correcting deficiencies. The number of such reviews and audits will be based upon 
management policy, the evaluation of results of previous reviews and audits, as well as 
regulatory requirements. The purpose of the indicator is to assess the fulfilment of the 
scheduled safety review and audit programme.  
 
 Specific indicator: number of findings from QA and safety reviews and audits. 
 
 This indicator gives a measure of the deficiencies found in safety related matters. It 
also provides an indirect measure of the efficiency of the inspection and audit processes. 
 
 Specific indicator: average time to clear findings from safety reviews and audits.   
 

The purpose of the indicator is to assess the effectiveness in clearing safety review and 
audit findings. 
 
 Specific indicator: number of external review findings not previously identified by 

internal reviews. 
 
 This is a measure of the effectiveness of the self-assessment activities. 
 

Specific indicator: number of repeated findings in internal reviews and audits. 
 
 This indicator provides a measure of the effectiveness of the self-assessment activities 
and of the troubleshooting actions, i.e. to reach the root cause of the problems and implement 
the adequate remedies. It also provides information on the quality and completeness of the 
internal review and audit programmes.  
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 Operating experience feedback (OEF) results from reviews of actual events which 
have happened either at the plant or at other installations. The purpose of OEF is to identify 
potential vulnerabilities and to improve the operational safety level of the plant. OEF is used 
also to improve training, to identify the need for plant modifications, and to improve operating 
instructions. Failure to apply lessons learned from the OEF system or its inadequate 
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implementation would be manifested by occurrence of events similar to those which have 
happened previously. 
 
 Three specific indicators are proposed: 
 
 Specific indicator: number of similar or repeated deviations and failures. 
 
 This is an indication of the quality of operating experience and particularly of root 
cause analysis feedback. Deviations and failures considered are those which happened during 
operation, were noted during shutdown or discovered during inspection that challenged 
nuclear safety 
 
 Specific indicator: number of own plant events that undergo root cause analysis. 
 
 Specific indicator: number of events at other plants that undergo review/analysis. 
 
 Root cause analyses and reviews are aimed at addressing the latent weaknesses and the 
management programmes that failed to detect the latent weaknesses. The indicator is a 
measure of effectiveness and appropriateness of the feedback of operating experience.  
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 In the implementation of a programme to monitor operational safety performance, 
consideration should be given to the quality of the information that each indicator provides. 
Earlier activities performed under the auspices of the IAEA on ‘‘development of operational 
safety indicators to be used as a prevention tool’’ identified a set of ideal characteristics of 
operational safety indicators. Based upon this guidance, the following characteristics are 
suggested: 
 

�� there is a direct relationship between the indicator and safety, 
�� the necessary data are available or capable of being generated, 
�� indicators can be expressed in quantitative terms, 
�� indicators are unambiguous, 
�� their significance is understood, 
�� they are not susceptible to manipulation, 
�� they are a manageable set, 
�� they are meaningful, 
�� they can be integrated into normal operational activities, 
�� they can be validated, 
�� they can be linked to the cause of a malfunction, 
�� the accuracy of the data at each level can be subjected to quality control and 

verification, and  
�� local actions can be taken on the basis of indicators. 

 
In addition to these characteristics, indicators chosen to support an operational safety 

monitoring programme should include a combination of indicators that reflect actual 
performance (sometimes called lagging indicators), and those that provide an early warning of 
declining performance (sometimes called leading indicators). Specific indicators should 
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capture lower level problems to allow for timely identification and intervention that can 
prevent more significant events.  
 
 When properly used, indicators are a valuable tool for operating nuclear power plants 
safely. When used improperly, undue pressure may be applied to plant personnel resulting in 
management or manipulation of the indicators, rather than performance assessment. In fact, 
improper use of operational safety performance indicators can result in actions that are not in 
the best interests of reactor safety. The effectiveness of plant management in promoting the 
use of indicators as a tool for performance improvement is vital to the success of any 
operational safety performance monitoring programme. 
 
 

3� ��	������	��
 

This report represents the culmination of a four year effort to develop a comprehensive 
framework for the development of a programme to monitor nuclear plant operational safety 
performance. The framework was derived from the concept that, while safety is difficult to 
define, it is easy to recognize. By pinpointing the attributes associated with plants that operate 
safely, it is possible to define objective measures of operational safety performance.  
 
 The programme development has been enhanced by pilot plant studies, conducted over 
a 15 month period from January 1998 to March 1999. One of the final conclusions reached by 
the participating plants is that the proposed framework provides a good approach. It is 
interesting to note that while each plant utilized the proposed indicator framework as a 
starting point, individual plant programmes were adapted to meet plant specific needs. Despite 
changes in the selection of indicators, all of the plants involved chose to maintain the basic 
indicator organization, thus providing validation for the concept. 
 

Additional indicators to address organizational attitude may enhance the proposed 
framework. Indicators related to industrial safety attitude and performance, staff welfare, and 
environmental compliance, while not contributing directly to issues of operational safety, may 
be valuable in some environments as measures of overall organizational attitude. Plants may 
choose to consider such additions to the IAEA proposed framework as needs dictate. 
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1
�This applies mainly to internal initiating events and internal hazards. Internal initiating events are hardware 

failures in the plant or faulty operations of plant hardware through human error or computer software 
deficiencies. Internal hazards include internal flooding, fire and missile impact (IAEA Safety Series No. 50-P-4). 
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The framework adopted by plant D is shown in Figs III---6 to III---8. 
 

III---4.2. Establishing indicator definitions 
 
Plant A 
 
 The team did not propose any changes to indicator definitions for indicators already 
being reported to WANO. 
 
 The team reviewed each indicator and prepared a plant specific definition. The 
monitoring durations were also established. After the team reviewed the indicators in a given 
attribute, the draft was discussed by the team members and the project co-ordinator. The 
definitions were modified where required, and a final draft was prepared. It was foreseen that 
these definitions could undergo a change during the indicator evaluation phase. This task was 
one of the most challenging, as it had to be ensured that the indicators would be meaningful 
for the plant. The entire process of defining the selected indicators for the three attributes took 
almost one man-month of work. 
 

On completion of the evaluation process for the selected indicators some changes in 
the definitions were made. Two examples are provided below. 
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