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ABSTRACT 

Operational nuclear power plants (NPPs) are generally subject to routine reviews of plant operation and special 
safety reviews following operational events. In addition, many Member States of the International Atomic 
Energy Agency (IAEA) have initiated systematic safety reassessment, termed periodic safety review {PSR), to 
assess the cumulative effects of plant ageing and plant modifications, operating experience, technical 
developments, site specific, organizational and human aspects. These reviews include assessments of plant 
design and operation against current safety standards and practices. PSRs are considered an effective way of 
obtaining an overall view of actual plant safety, to determine reasonable and practical modifications that should 
be made in order to maintain a high level of safety throughout the plant's operating lifetime. PSRs can be used 
as a means to identify time limiting features of the plant. The trend is to use PSR as a condition for deciding 
whether to continue operation of the plant beyond the originally established design lifetime and for assessing the 
status of the plant for long term operation. 
To assist Member States in the implementation of PSR, the IAEA develops safety standards, technical 
documents and provides different services: training courses, workshops, technical meetings and safety review 
missions for the independent assessment of the PSR at NPPs, including the requirements for PSR, the review 
process and the PSR. final reports. 
This paper describes the PSR's objectives, scopes, methods and the relationship of PSR with other plant safety 
related activities and recent experiences of Member States in implementation of PSRs at NPPs. 

1. INTRODUCTION 

Since the operation of the first generation of commercial nuclear power plants (NPPs) started 
in the 1950s there have been substantial developments in safety standards and practices, and 
in technology, resulting from new scientific and technical knowledge, better analytical 
methods and lessons learned from operating experience. 
In 2008, there were 439 nuclear reactors in operation in 31 countries, 44 under construction 
and 120 shut down in the world. 
The overall safety record of NPPs is good; however, developments need to be considered by 
operators and regulators in the interests of continuous safety improvement. 

1.1. The International Atomic Energy Agency 

The International Atomic Energy Agency (IAEA) is the world's centre of cooperation in the 
nuclear field. It was set up in 1957 as the world's 'Atoms for Peace5 organization within the 
United Nations (UN) family. The IAEA Secretariat's headquarters are at the Vienna 
Internationa] Centre in Vienna, Austria. The IAEA Secretariat consists of a team of 2200 
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multidisciplinary professional and support staff from more than 90 countries. The IAEA 
programmes and budgets established based on decisions of its policy making bodies, the 35-
member Board of Governors and the General Conference of all (150) Member States. It is an 
independent international organization, reporting to the UN General Assembly and Security 
Council. The IAEA's mission is guided by the interests and needs of Member States, 
strategic plans and the vision embodied in the IAEA Statute. The three main pillars are 
Safety and Security, Nuclear Technology and Safeguards and Verification. 

1.2. IAEA Safety Standards 

The IAEA develops safety standards on the basis of the IAEA's Statute, article III.A.6, where 
it is stated that the IAEA is authorized: 

"To establish or adopt, in consultation and, where appropriate, in collaboration with the 
competent organs of the United Nations and with the specialized agencies concerned, 
standards of safety for protection of health and minimization of danger to life and 
property... and to provide for the application of these standards to its own operation". 

The IAEA safety standards are widely applied by Member States and they are used 
increasingly as a reference basis for their national regulations (e.g. the WENRA approach in 
EU countries). An increasing number of Member States have high expectations of the IAEA 
safety standards with respect to nuclear power in view of the new reactors to be built and new 
countries starting up a nuclear programme. For countries that intent to start a nuclear 
programme, the IAEA provides guidance lor phased application of the safety standards, for 
self-assessment and for safety review services for the early phases; in particular, guidance 
beyond the availability of safety standards is needed. 
With regard to the formal status of the IAEA safety standards, they are not binding on 
Member States, but may be adopted by them. However, the safety standards are binding for 
the IAEA's own activities (safety reviews, TC missions, training activities), on Member 
States in relations to operations assisted by the IAEA, and on Member States wishing to enter 
into project agreements with the IAEA. 

The hierarchy of the safety standards is the following: safety fundamentals, safety 
requirements, and safety guides. 
The safety fundamentals set out principles for protecting people and the environment, 
whereas the safety requirements establish requirements on what has to be done to apply these 
principles in meeting objectives ('shall statements') The safety guides set out recommended 
ways of meeting the requirements ('should statements'). 

1.3. Background of Periodic Safety Reviews 

The IAEA Safety Standard, No. SF-1, Fundamental Safety Principles [1], in its paragraph 
3.15. states that "Safety has to be assessed for all facilities and activities, consistent with a 
graded approach." and in its paragraph 3.16. gives norther statement on that "The process of 
safety assessment for facilities and activities is repeated, in whole or in part as necessary later 
in the conduct of operations in order to take into account changed circumstances (such as the 
application of new standards or scientific and technological developments), the feedback of 
operating experience, modifications, and the effects of ageing." 

The IAEA Safety Requirement on Operation of NPPs, NS-R-2 [2] requires: "Systematic 
safety reassessments of the plant in accordance with the regulatory requirements shall be 
performed by the operating organization throughout its operational lifetime, with account 
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taken of operating experience and significant new safety information from all relevant 
sources". Although operational NPPs are subject to routine and special safety reviews, these 
reviews are generally not sufficiently comprehensive to meet this NS-R-2 requirement. For 
example, routine and special reviews do not always take account of improvements in safety 
standards and operating practices, the cumulative effects of plant ageing, modifications, the 
feedback of operating experience, wider developments in science and technology or look 
forward to future planned operation. Thus, it is common international practice for operators 
to undertake proactive, strategic, detailed and comprehensive Periodic Safety Reviews 
(PSRs) in order to complement their routine and special review processes. 
The scope of these reviews differs from Member State to Member State and in some Member 
States the title PSR is not used because the integral and comprehensive character of such a 
review has been considered more important than its periodicity. 

To facilitate the implementation of PSR by Member States, the IAEA issued a Safety Guide 
on Periodic Safety Reviews of Operational Nuclear Power Plants (50-SG-012) in 1994 and 
its revised version in 2003 (NS-G-2.10) [3]. 

To assist Member States in the implementation of PSR, the IAEA develops further to its 
safety standards, supporting documents and provides different services: training courses, 
workshops, technical meetings and safety review missions for the independent assessment of 
the PSR at NPPs, including the requirements for PSR. the review process and the PSR final 
reports. Learning from the results of IAEA services it was decided that although the existing 
Safety Guide, NS-G-2.10 is sound, Member States' experience in its implementation showed 
that the safety guide should provide additional recommendations on follow-up PSRs (i.e. 2" , 
3rd, etc.), on the use of PSR as a tool for reviewing and assessing long term operation and 
also to give more recommendation for reviewing and assessing safety factors and how the 
global assessment has to be performed. This safety guide is currently under revision. 

2. RATIONAL, OBJECTIVES AND SCOPE OF PSR 

Based on international experience, it is reasonable to perform a PSR after about ten years 
from the start of plant operation and then undertake subsequent PSRs at about every ten years 
until the end of operation. Ten years is considered to be an appropriate interval for such 
reviews in view of the likelihood, within this period, of the following: 
• changes in national and international safety standards, technology, underlying scientific 

knowledge or analytical techniques; 
• the potential for the cumulative effects of plant modifications to adversely affect safety or 

the accessibility and usability of the safety documentation; 
• identification of significant ageing effects or trends: 
• accumulation of relevant operational experience; 
• changes to how the plant is, or will be, operated; 
• changes in staffing levels or the loss of experienced staff; and 
• changes in the management structures and procedures of the plant operating organization. 

It is recognized that some Member States prefer alternative arrangements to PSRs. For 
example, some Member States utilise routine comprehensive safety assessment programmes 
that deal with specific safety issues, significant events and changes in safety standards and 
practices as they arise. Such programmes can, if applied with appropriate scope, frequency, 
depth and rigour, achieve the same standards of review as a PSR. 
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2.1. Objective of a PSR 

The objective of a PSR is to determine by means of a comprehensive reassessment: 
• The extent to which the plant conforms to current national and/or international safety 

standards and practices; 
• The extent to which the safety documentation remains valid; 
• The adequacy and effectiveness of the arrangements that are in place to maintain plant 

safety until the next PSR or until the end of planned operation (i.e. NPP will stop 
operation within the 10-year cycle); 

• The extent to which the licensing basis remains valid; and the safety improvements that 
need to be implemented. 

The PSR process can be used for different purposes: 
• Systematic safety reassessments in a ten years interval as a minimum [4]; 
• Support the decision making process for licence renewal; and 
• Support the decision making process for long term operation. 

2.2. The scope of a PSR - PSR Safety Factors 

The scope of a PSR includes all safety aspects of a nuclear power plant. For this purpose, a 
plant consists of all facilities and structures, systems, and components (SSCs) on the site 
covered by the operating licence (including, if applicable, waste management facilities, on-
site simulators, etc.) and their operation, together with the staff and the operator's 
organization. 
For a comprehensive periodic safety review, the IAEA safety guide recommends 14 safety 
factors, grouped in 5 areas to use for subdivision of the review scope: 

Plant 
(1) Plant design, 
(2) Actual condition of SSCs, 
(3) Equipment qualification, 
(4) Ageing. 

Safety analysis 
(5) Deterministic safety analysis, 
(6) Probabilistic safety analysis. 
(7) Hazard analysis. 

Performance and feedback of experience 
(8) Safety performance, 
(9) Use of experience from other plants and research findings. 

Management 
(10) Safety management systems and Safety culture, 
(11) Procedures, 
(12) The human factor. 
(13) Emergency planning. 

Environment 
(14) Radiological impact on the environment. 

However, the number of safety factors and/or their grouping may be different according to 
the specific needs of the operating organization and the particulars of the nuclear facility. 
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When the concept of safety factors or the number of the safety factors is different, the 
comprehensiveness of the review should be ensured by other means. 

3. REVIEW STRATEGY AND GENERAL METHODOLOGY 

3.1. Phases of a PSR 

The Periodic Safety Review is executed in four distinct phases, which may overlap or be 
further sub-divided as appropriate: 

• Preparation of the PSR project - which includes an agreement with the regulator with 
regard to the scope and timing of the review and the codes and standards that will be 
used; 

• Operator's self-review and self-assessment - the operator performs the review in 
accordance with an agreed PSR Basis Document. This review identifies findings 
(which may be positive (strength) or negative (deviation)) and proposes safety 
improvements and an integrated implementation plan; 

• Regulatory review - the regulator reviews the operator's PSR reports and proposed 
safety improvements, identifies additional regulatory issues (e.g. whether further 
safety improvements need to be considered), reviews the proposed integrated 
implementation plan and determines whether the licensing basis for the NPP remains 
valid; 

• Finalization of the integrated implementation plan - the integrated implementation 
plan, comprising reasonable and practicable safety improvements to timescales 
agreed with the regulator, is finalized. 

The implementation phase of the safety improvements is considered a post-PSR activity. 
On average, the PSR review process takes about 3 years. The length of the review process 
may depend on the availability and retrievability of relevant information. 

3.2. The PSR Basis Document 

As the international experience shows, before the review work is started, the operating 
organization and the regulatory body make an agreement as to the scope and objectives of the 
PSR including current national and international standards and codes to be used. 
If there are no adequate national standards, the PSR applies international codes and standards 
(such as those of the IAEA, the International Organization for Standardization (ISO) and the 
International Electrotechnical Commission) or, where appropriate, codes and standards of a 
recognized organization of a particular State (e.g. the American Society of Mechanical 
Engineers or the Institute of Electrical and Electronics Engineers). The reference practices of 
international organizations, such as the good practices of World Association of Nuclear 
Operators (WANO) and IAEA, could also be relevant and taken into account. This 
agreement is documented in a PSR Basis Document, 
The PSR Basis document is an essential instrument that governs the conduct of the PSR and 
regulatory review of the PSR results. The Basis Document identifies the scope, major 
milestones, including cut-off dates, and methodology of self-review and self-assessment, the 
safety factors to be reviewed, and the national and international applicable standards, codes 
and practices. The process for categorizing, prioritizing and resolving findings is also agreed 
between the operating organisation and the regulatory body. The selection and hierarchy of 
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national and international safety standards and practices are clearly stated in the PSR Basis 
Document as well. 

3.3. Review methodology 

The PSR Basis document outlines the project management and quality management 
processes to be followed in carrying out the PSR so as to ensure a complete, comprehensive, 
consistent and systematic approach. 
The safety factor reviews identify findings of the following types: 
• Strength: the result is a good practice in comparison to modern codes and standards or 

industry practices, and 
• Deviation: the result is difference between modern codes and standards or industry 

practices and the current operating plant documentation or procedures. 

The review of the safety factors is an iterative process. The interfacing between safety factors 
have to be taken into account. The communication between the teams reviewing different 
Safety Factors during the review process starting from the preparation phase of PSR is very 
important. Certain findings identified during the review of a safety factors need to be 
considered during the review of other safety factors. The outputs of certain safety factors are 
inputs among other contributed information, for other safety factors. 
Reviewers of safety factors identify the differences (for example in plant design or in other 
safety factors like equipment qualification, safety analysis and procedures) compared to 
current safety standards and assess their safety significance in relation to the application of 
defence in depth [4],[5], [6], 

3.4. Results and the safety improvements 

To integrate the results of the individual safety factors' reviews the operating organisation 
performs a global assessment of the plant safety taking into consideration all findings, 
proposed improvements of each safety factor and interfaces between different safety factors, 
A global assessment of any shortcomings that cannot be reasonably and practicably corrected 
is made, account being taken of all the corrective actions and/or safety improvements and the 
strengths of the nuclear power plant. The risks associated with the unresolved shortcomings 
should be assessed and an appropriate justification for continued operation should be 
provided. 
The PSR looks forward over the period until the next PSR, or where appropriate, until the 
end of planned operation, and reviews whether there are any foreseeable circumstances that 
could threaten safe operation of the NPP. If such circumstances are identified, then the 
operator should take appropriate action to ensure that the licensing basis remains valid. 

The results of the review are documented in reports produced by the operating organization 
and submitted to the regulatory authority: 

Safety Factor Report as identified in the PSR Basis Document 
Global assessment report documenting the results of the global assessment 
PSR Final Report including the proposed safety improvements and integrated 
implementation plan and a summary of the safety factors and global assessment reports. 

3.5. Performance of first and subsequent PSRs 
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In the case of a first PSR, experience has shown that for a large number of NPPs, with poor 
or limited documentation, the design bases had to be recovered, and the design 
documentation updated in accordance with actual configuration and a proper justification 
(e.g. renewal of obsolete or incomplete FSAR). For the plants, with modern configuration 
management and safety analysis, the first PSR request much less efforts. 

The effort required to carry out a second or subsequent PSRs of NPPs can often be 
significantly reduced compared to the first PSR. In general, the review work of subsequent 
PSRs focuses on changes in requirements, plant conditions, operational experiences and new 
information, rather than repeat the activities of previous reviews. However, the review 
considers explicitly whether the earlier review work continues to remain valid (e.g. in light of 
the time elapsed since it was performed). 

4. RELATIONSHIP BETWEEN THE PSR AND CONFIGURATION 
MANAGEMENT 

The Periodic Safety Review takes account of existing ongoing processes, such as 
configuration management, ageing management, etc. and should review the results and/or 
trend analyses of these processes to evaluate their effectiveness. When a Final Safety 
Analysis Report is part of the safety and/or licensing documentation of the NPP, this report is 
utilized for the Periodic Safety Review. The relationship between the PSR, updating FSAR, 
configuration management is shown in the figure 1. 

Updating of 
FSAR and other 

documents 
s 

Configuration 
Management 

Changes 

I 

PSR: Assessment of 
cumulative effects of 

changes. 
Other reviews and 

programmes 

Input from maintenance, ageing management, 
management of obsolescence etc. 

Figure 1, Relationship between PSR and other reviews, Configuration Management and 
updating of Design bases and Final safety analysis Report 

Since the configuration management programme ensures that the operation, maintenance and 
testing of the NPP are in accordance with the design requirements, NPP safety 
documentation should be kept updated on an ongoing basis and should maintain consistency 
throughout the operational life-cycle. Therefore, the effectiveness of the existing 
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configuration management programme has to be confirmed during the Periodic Safety 
Review. Experience has shown that licensees with good configuration management 
programmes find it easier to perform the Periodic Safety Review. 

5. PSR INPUT IN ASSESSING LONG TERM OPERATION 

Continuing the operation of a NPP beyond the time frame originally anticipated for their 
operation (typically 30-40 years) has become a priority for many Member States. Long term 
operation of a NPP may be defined as operation beyond an established time frame set forth 
(e.g. by license term, design, standards, license, and/or regulations, etc), which has been 
justified by safety assessment, considering life limiting processes and features for Structures 
Systems and Components of a NPP. This is related to safety, economic conditions and to the 
age of the nuclear power plants connected to the grid worldwide. 

As of January 2008 (Fig. 2.), out of the total number of nuclear power plants operating in the 
world, approximately 70% had been in operation for more than 20 years. 

Number of Operating Reactors by Age 
(as of 7 of January 2003) 

1 2 3 I 5 5 7 B 3 10 11 12 13 14 15 16 17 IB 19 20 21 23 23 24 25 26 27 38 29 30 31 32 33 34 35 36 37 36 33 JO 41 

Note- Age of a reactor is determined by its first grid connection [year] 

Figure 2. Number of reactors in existence, by operating age (as of January 2008) 

Where the PSR process is used to support the decision making process prior to entering long 
term operation, the PSR identifies the necessary safety improvements to re-assure that the 
licensing basis remains valid during the period of long term operation. This might include 
refurbishment, additional equipment or plant and/or additional safety analysis and 
engineering justifications. In addition, the scope of the review of the PSR safety factors may 
be adapted to determine the feasibility of long term operation. For example, the scope of the 
ageing effect safety factor should be expanded to include an evaluation of the time limited 
aging analyses. During the review, increased importance should be given to ageing 
mechanisms and ageing management programmes [7]. 
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The existing NPP documentation and ongoing programmes are essential in developing the 
basis for successful long term operation. The existence of the following NPP programmes 
and documentation, which impact SSCs and areas of safe plant operation, is reviewed and 
considered as a precondition for long term operation in many NPPs: 
• Plant programmes required to support the plant design, actual condition of SSCs, 

equipment qualification, and ageing management safety factors; 
• Management systems that address quality assurance and configuration management; 
• Safety analyses involving lifetime limiting assumptions. 
• Safety culture improvement programs focused on the pursuit of excellence in all aspects 

of safety management and human factors activities. 
Each of the previous preconditions should be properly documented in the updated Final 
Safety Analysis Report for long term operation or in other licensing basis documents. These 
documents clearly and adequately describe the current licensing basis or the current design 
basis requirements for nuclear power plant operation. 
In many NPPs the necessary safety improvements identified in the Periodic Safety Review 
are an input, beside economic arguments, to the decision whether to enter long term 
operation. 

It is recognised that some Member States utilise alternate processes, equally adequate as 
PSRs, for justifying an NPP lifetime extension. 

6. BENEFITS OF PSR 

The primary benefit for the licensee and the regulator results from the objective of PSR to 
obtain a systematic comprehensive picture of the current safety level of the respective plant 
including hints for safety improvements and the creation of a common understanding of 
safety issues for both the licensee and the regulator. PSR improves communications between 
the regulatory body and the NPP licensee. A further common benefit of PSR is the 
documented information of trends in deterioration of plant safety based on the actual 
condition of the plant in comparison to the designed parameters and the identification of 
lifetime limiting features. 

For the licensee, the following benefits are important: 
• PSR can be a helpful instrument for plant licence renewal depending on national legal 

framework and gives assurance that the plant status is acceptable regarding current safety 
requirements, 

• PSR is an appropriate tool for enhancing safety of the plant and gives further assurance 
that the plant is safe to continue operating until the next PSR. Results of PSR are input 
for decision making regarding corrective actions, but also for plant optimisation. 

• PSR ensures alignment of the safety documentation with the plant status and clarifies the 
licensing/design basis. 

• PSR is a good tool for identifying back-fitting priorities. 
• PSR helps to justify later life time extensions. 
• PSR provides information for the NPP licensee to make investment decisions. 
• The formation of a focused PSR team, which has an overview of all nuclear safety 

aspects of the plant, creates a wider knowledge and understanding and increases the level 
of corporate cross competence on safety issues, thereby improving licensee safety culture 
and team spirit. 
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• PSR results form a good basis for improving staff training and education programmes, for 
preservation of the knowledge base and for knowledge transfer to the next generation of 
staff. 

Benefits for the regulators are: 
• PSR is a supervisory instrument to check that the operator fulfils his responsibility for 

safe operation. 
• PSR provides a means by which the safety of an NPP can be justified to the public. 

The benefit of PSR might also be visible by the fact that some Member States apply this 
approach also for other nuclear installations such as research reactors, fuel facilities and 
defence facilities. 

7. CONCLUSIONS 

Since 1994, the use of PSR by Member States has substantially broadened and has confirmed 
its benefits. PSR results have, for example, been used by some Member States to help 
provide a basis for continued operation beyond their current licensed term, to communicate 
more effectively with stakeholders regarding NPP safety, and to help identify changes to 
plant operation that enhance safety. 

PSRs are considered an effective way to obtain an overall view of actual plant safety, to 
determine reasonable and practical modifications that should be made in order to maintain a 
high level of safety. PSRs can be used as a mean to identify time limiting feanires of the 
plant in order to determine the NPP operation beyond the designed lifetime. The Periodic 
Safety Review process can be used to support the decision making process for long term 
operation or licence renewal. 

PSR is a good method for reviewing the overall safety of operational NPPs in a systematic 
and comprehensive manner. However the PSR is normally carried out once in a 10-year 
period and cannot substitute other regulatory and plant routines or occasional reviews. 
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