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CATEGORIES IN THE IAEA SAFETY SERIES

A new hierarchical categorization scheme has been introduced, according to 
which the publications in the IAEA Safety Series are grouped as follows:

Safety Fundamentals (silver cover)

Basic objectives, concepts and principles to ensure safety.

Safety Standards (red cover)

Basic requirements which must be satisfied to ensure safety for particular 
activities or application areas.

Safety Guides (green cover)

Recommendations, on the basis of international experience, relating to the ful
filment o f basic requirements.

Safety Practices (blue cover)

Practical examples and detailed methods which can be used for the application 
of Safety Standards or Safety Guides.

Safety Fundamentals and Safety Standards are issued with the approval of the 
IAEA Board of Governors; Safety Guides and Safety Practices are issued under the 
authority of the Director General o f the IAEA.

An additional category, Safety Reports (purple cover), comprises independent 
reports of expert groups on safety matters, including the development of new princi
ples, advanced concepts and major issues and events. These reports are issued under 
the authority of the Director General o f the IAEA.

There are other publications of the IAEA which also contain information 
important to safety, in particular in the Proceedings Series (papers presented at 
symposia and conferences), the Technical Reports Series (emphasis on technological 
aspects) and the IAEA-TECDOC Series (information usually in a preliminary form).
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FOREWORD

by the Director General

> r is well established and can be expected to become an even more 
.he energy programmes of many countries, provided that its safe 
d and be perceived to be so ensured. Although accidents have 

ear power industry has generally maintained a good safety record, 
ements are always possible and necessary. Safety is not a static

The International Atomic Energy Agency, recognizing the importance of the 
safety of the industry and desiring to promote an improving safety record, set up a 
programme in 1974 to give guidance to its Member States on the many aspects of 
the safety of nuclear power reactors. Under this Nuclear Safety Standards (NUSS) 

some 60 Codes and Safety Guides dealing with radiological safety were 
ie  IAEA Safety Series between 1978 and 1986. The NUSS programme 
J for land based stationary plants with thermal neutron reactors 
le production of power but the provisions may be appropriate to a 

nuclear applications.
i  take account of lessons learned since the first publication of the 
e was issued, it was decided in 1986 to revise and reissue the Codes 
s. During the original development of these publications, as well 
?ion process, care was taken to ensure that all Member States, in 

« th  active nuclear power programmes, could provide their input, 
independent reviews took place including a final one by the Nuclear Safety 

Standards Advisory Group (NUSSAG). The revised Codes were approved by the 
Board of Governors in June 1988. In the revision process new developments in 
technology and methods of analysis have been incorporated on the basis o f interna
tional consensus. It is hoped that the revised Codes will be used, and that they will 
be accepted and respected by Member States as a basis for regulation o f the safety 
o f power reactors within the national legal and regulatory framework.

Any Member State wishing to enter into an agreement with the IAEA for its 
assistance in connection with the siting, design, construction, commissioning, 
operation or decommissioning of a nuclear power plant will be required to follow 
those parts o f the Codes and Safety Guides that pertain to the activities to be covered 
by the agreement. However, it is recognized that the final decisions and legal 
responsibilities in any licensing procedures rest with the Member States.

The Codes and Safety Guides are presented in such a form as to enable a 
Member State, should it so desire, to make their contents directly applicable to 
activities under its jurisdiction. Therefore, consistent with the accepted practice for 
codes and guides, and in accordance with a proposal o f the Senior Advisory Group,
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‘shall’ and ‘should’ are used to distinguish for the user between strict requirements 
and desirable options respectively.

The five Codes deal with the following topics:

— Governmental organization
— Siting
— Design
— Operation
— Quality assurance.

These five Codes establish the objectives and basic requirements that must be met 
to ensure adequate safety in the operation o f nuclear power plants.

The Safety Guides are issued to describe to Member States acceptable methods 
of implementing particular parts o f the relevant Codes. Methods and solutions other 
than those set out in these Guides may be acceptable, provided that they give at least 
equivalent assurance that nuclear power plants can be operated without undue risk 
to the health and safety of the general public and site personnel. Although these 
Codes and Safety Guides establish an essential basis for safety, they may require the 
incorporation of more detailed requirements in accordance with national practice. 
Moreover, there will be special aspects that need to be assessed by experts on a case 
by case basis.

These publications are intended for use, as appropriate, by regulatory bodies 
and others concerned in Member States. In order to comprehend the contents o f any 
of them fully, it is essential that the other relevant Codes and Safety Guides be taken 
into account. Other safety publications of the IAEA should be consulted as 
necessary.

The physical security of fissile and radioactive materials and o f nuclear power 
plants as a whole is mentioned where appropriate but is not treated in detail. 
Non-radiological aspects o f industrial safety and environmental protection are also 
not explicitly considered.

The requirements and recommendations set forth in the NUSS publications 
may not be fully satisfied by older plants. The decision of whether to apply them 
to such plants must be made on a case by case basis according to national 
circumstances.
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DEFINITIONS

The definitions below are intended for use in the NUSS programme and may 
not necessarily conform to definitions adopted elsewhere for international use.

The relationships between the following fundamental definitions used in many 
NUSS publications are illustrated by the accompanying diagram.

Operational States

States defined under normal operation or Anticipated Operational 
Occurrences.

Normal Operation

Operation of a nuclear power plant within specified operational limits and 
conditions including shutdown, power operation, shutting down, starting, main
tenance, testing and refuelling.

Anticipated Operational Occurrences1

All operational processes deviating from normal operation which are expected 
to occur once or several times during the operating life of the plant and which, in 
view of appropriate design provisions, do not cause any significant damage to items 
important to Safety nor lead to Accident Conditions.

Accident (or Accident State)

A state defined under Accident Conditions or Severe Accidents.

Accident Conditions

Deviations2 from Operational States in which the releases of radioactive 
materials are kept to acceptable limits by appropriate design features. These devia
tions do not include severe accidents.

1 Examples of Anticipated Operational Occurrences are loss of normal electric power 
and faults such as a turbine trip, malfunction of individual items of a normally running plant, 
failure to function of individual items of control equipment, loss of power to main coolant 
pump.

2 A deviation may be a major fuel failure, a loss of coolant accident (LOCA), etc.

1
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Design Basis Accidents

Accident Conditions against which the nuclear power plant is designed accord
ing to established design criteria.

Severe Accidents

Nuclear power plant states beyond Accident Conditions including those 
causing significant core degradation.

Accident Management

Accident management is the taking of a set of actions

— during the evolution of an event sequence, before the design basis of the plant 
is exceeded, or

— during Severe Accidents without core degradation, or
— after core degradation has occurred

to return the plant to a controlled safe state and to mitigate any consequences of the
accident.

Plant states

Operational states Accidents

Normal
operation

Anticipated
operational Accident
occurrences conditions

Severe
accidents

Design 
| I basis I
| | accidents \

Accident management

2
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The relationships between the following definition, which refer especially to the 
area o f design, are given in the accompanying diagram.

Safety — See Nuclear Safety

Nuclear Safety (or simply Safety)

The achievement of proper operating conditions, prevention of accidents or 
mitigation of accident consequences, resulting in protection of site personnel, the 
public and the environment from undue radiation hazards.

Safety Systems3

Systems important to Safety, provided to assure the safe shutdown of the 
reactor or the residual heat removal from the core, or to limit the consequences of 
Anticipated Operational Occurrences or Accident Conditions.

Protection System

A system which encompasses all electrical and mechanical devices and 
circuitry, from sensors to actuation device input terminals, involved in generating 
those signals associated with the protective function.

Safety Actuation System

The collection of equipment required to accomplish the necessary safety 
actions when initiated by the Protection System.

Safety System Support Features

The collection of equipment that provides services such as cooling, lubrication, 
and energy supply required by the Protection System and the Safety Actuation 
Systems.

3 Safety Systems consist of the Protection System, the Safety Actuation Systems, and 
the Safety System Support Features. Components of Safety Systems may be provided solely 
to perform Safety Functions or may perform safety functions in some plant Operational States 
and non-safety functions in other plant Operational States (see diagram at the end of the 
Definitions).

3
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Plant equipment

Items important to safety Items not important to safety

system actuation system
systems support

features

Periodic Safety Review

A systematic safety reassessment of an operational nuclear power plant carried 
out at regular intervals to deal with the cumulative effects of plant ageing, modifica
tions, operating experience and technical developments, and aimed at ensuring a high 
level of safety throughout the plant service life.

Ageing

A process by which the physical characteristics of a system, structure or com
ponent change with time or use.

NOTE ON THE INTERPRETATION OF THE TEXT

When an appendix is included it is considered to be an integral part of the document 
and to have the same status as the main text of the document. However, annexes, footnotes 
and bibliographies are only included to provide additional information or practical examples 
that might be helpful to the user.

4
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1. INTRODUCTION

BACKGROUND

101. This Safety Guide, which supplements the IAEA Safety Fundamentals: 
The Safety of Nuclear Installations [1] and the Code on the Safety of Nuclear Power 
Plants: Operation [2], forms part of the Agency’s programme, referred to as the 
NUSS programme, for establishing Codes and Guides relating to nuclear power 
plants. A list of NUSS publications is given at the end of this book.

102. Routine reviews of nuclear power plant operation (including hardware and 
procedural modifications, significant events, operating experience, plant manage
ment and personnel competence) and special reviews following major events 
of safety significance are the primary means of safety verification. In addition, 
some Member States have initiated systematic safety reassessments, termed 
periodic safety reviews (PSRs), to deal with the cumulative effects of plant 
ageing, modifications, operating experience and technical developments. These 
reviews are aimed at ensuring a high level of safety throughout plant service 
life. They are complementary to the routine and special safety reviews and do not 
replace them.

103. This Guide was drafted on the basis of a systematic review approach that was 
endorsed by the IAEA Conference on the Safety of Nuclear Power: Strategy for the 
Future [3].

OBJECTIVE

104. The purpose of this Safety Guide is to provide guidance on the conduct of PSRs 
for an operational nuclear power plant. The Guide is directed at both owners/oper
ators and regulators.

SCOPE

105. This Safety Guide deals with the PSR of an operational nuclear power plant. 
A PSR is a comprehensive safety review addressing all important aspects of safety, 
carried out at regular intervals.

5
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106. The review process described in this Safety Guide is valid for a nuclear power 
plant of any age, but may have a wider applicability, for example to research reactors 
and nuclear waste facilities. In addition, it should be noted that the process described 
may also be used in other reviews, for example special reviews carried out in 
response to major events of safety significance, such as the Three Mile Island or 
Chernobyl accidents.

STRUCTURE

107. A rationale for the PSRs of operational nuclear power plants is given in 
Section 2, and the objective of the PSRs is defined in Section 3. Section 4 presents 
strategic considerations relating to the implementation of a PSR. Important aspects 
of the safety of an operational nuclear power plant that are addressed by a PSR are 
defined as safety factors and are described in Section 5. The roles and responsibilities 
of the plant owner/operator, the regulator and external consultants for conducting 
a PSR are defined in Section 6. A review procedure is discussed in Section 7. 
Section 8 identifies aspects that are involved in the judgement on the acceptability 
of continued plant operation. Section 9 identifies post-review activities. Finally, the 
Appendix extends the description of safety factors given in Section 5 by listing for 
each safety factor specific topics or activities that should be included in the review.

2. RATIONALE FOR AND OBJECTIVE 
OF PERIODIC SAFETY REVIEW

RATIONALE FOR A PSR

201. Since operation of the first generation of commercial nuclear power plants 
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. These 
developments, however, do not mean that existing operational plants are unsafe; the 
overall safety record has been good.

202. Operational nuclear power plants in many countries have undergone routine 
and special safety reviews. Experience has shown that these safety reviews are 
generally not comprehensive and do not always take account of improvements in

6
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safety standards and operating practices, the cumulative effects of plant ageing, 
modifications, the feedback of operating experience, and developments in science 
and technology. Consequently the concept of PSRs has been developed.

203. PSRs are considered to be the best way to obtain an overall view of actual plant 
safety, to determine necessary or worthwhile changes that should be made in order 
to maintain a high level of safety and to improve the safety of older nuclear power 
plants to a level comparable with that of modem plants.

204. On the basis of experience, the first PSR should be undertaken about ten years 
after the start of operation and subsequent PSRs every ten years until the end of oper
ation. In a period of ten years there is: a likelihood of significant changes in safety 
standards, technology and underlying scientific knowledge and analytical techniques; 
a need for the evaluation of the cumulative effects of plant modifications and ageing; 
and a possibility of significant changes in the staffing of the regulatory as well as 
the plant owner/operator’s organizations.

205. If the period between PSRs is extended beyond about ten years, a substantial 
number of experienced staff in the owner/operator and regulator organizations may 
have left so that the direct knowledge and experience gained during previous reviews 
and continuity is lost. Good documentation of the review process and experience will 
be of particular value in such circumstances.

206. It is recognized that some Member States prefer alternative arrangements to 
PSRs. A systematic safety assessment programme, dealing with specific safety 
issues, significant events and changes in safety standards and practices as they arise, 
is one example. This Safety Guide is not intended to discourage such alternative 
arrangements. However, each alternative should demonstrate that it can satisfy the 
objective of a PSR defined in para. 207.

OBJECTIVE OF A PSR

207. The objective of a PSR is to determine by means of a comprehensive 
assessment of an operational nuclear power plant, whether the plant is safe as 
judged by current safety standards and practices, and whether adequate arrangements 
are in place to maintain plant safety. This judgement in terms of current safety 
requirements does not imply that all those requirements have to be met (see 
para. 701).

.7
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3. REVIEW STRATEGY

301. The scope of a PSR includes all nuclear safety aspects of a nuclear power plant. 
For this purpose, a plant consists of all facilities and equipment on the site covered 
by the operating licence (including, for example, waste management facilities) and 
their operation, together with the staff and its organization. The review also includes 
radiological protection, emergency planning and environmental impact.

302. A comprehensive assessment of overall plant safety is a complex task. 
Experience shows that it can be facilitated by dividing it into a number of elements. 
These are termed safety factors in this publication.

303. Each safety factor is reviewed using current methods and the findings are com
pared to current safety standards and practices. Necessary and worthwhile corrective 
actions are determined and implemented, with account taken of the interactions and 
overlaps between safety factors and hence of the effect of the corrective actions on 
all safety factors.

304. An overall assessment of nuclear power plant safety is made to take into 
account all safety factors and any shortcomings that may remain unresolved after 
implementation of all corrective actions.

305. The PSR should be conducted typically every ten years and its target duration 
should be 18 months.

306. Probabilistic safety assessment (PSA) provides useful insights into the safety 
of a nuclear power plant and is consequently a useful contributor to a PSR. Although 
a PSR can be carried out without a PSA, it is recommended that a PSA be undertaken 
for every plant and utilized in subsequent PSRs.

307. The owner/operator should have prime responsibility for performing the PSR 
to the requirements of the regulatory body. These requirements should be either 
specified by the regulatory body after consultation with the owner/operator or devel
oped by the owner/operator and agreed upon with the regulatory body.

308. The results of relevant studies, and of routine and special safety reviews, 
should be utilized in the PSR to minimize duplication of effort.

8
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4. SAFETY FACTORS IN A PERIODIC SAFETY REVIEW

INTRODUCTION

401. The PSR safety factors were selected on the basis of Member State experience 
and the feedback received from the IAEA Conference on the Safety of Nuclear 
Power: Strategy for Future. These factors are:

(1) Actual physical condition of the nuclear power plant
(2) Safety analysis
(3) Equipment qualification
(4) Management of ageing
(5) Safety performance
(6) Use of experience from other nuclear power plants and of research findings
(7) Procedures
(8) Organization and administration
(9) Human factors

(10) Emergency planning
(11) Environmental impact.

402. The eleven PSR safety factors selected apply to all the facilities on the plant 
site, including those for radioactive waste and are considered sufficient- for a 
comprehensive review of safety. However, the set of safety factors may vary accord
ing to the specific needs of the country and the particular nuclear power plant and 
should be agreed upon before the PSR is initiated.

403. Quality assurance (QA) is not considered as a separate safety factor because 
it should be an integral part of every activity affecting safety. It is assessed in its own 
right as an aspect of organization and administration. Similarly, radiological protec
tion is not regarded as a separate safety factor since it is related to most of the other 
factors. The arrangements for radiological protection and their effectiveness should 
be reviewed as specific aspects of the factors safety performance, procedures and 
actual physical condition of the nuclear power plant.

404. A review of the security (physical protection) of nuclear power plants is not 
included in the PSR because of the sensitivity of this subject and the confidentiality 
aspect. The security arrangements should prevent unauthorized actions that could 
jeopardize safety and their effectiveness should be periodically reviewed in 
accordance with national requirements.

9
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405. All safety factors are important to operational safety and to a greater or lesser 
extent to accident prevention and mitigation. However, the order of factors in this 
section does not indicate an order of importance.

406. Although the PSR should demonstrate compliance with current safety 
standards and practices for each safety factor, the level of plant safety is determined 
by the combined effects of all safety factors. Shortcomings may be individually 
acceptable but their combined effect should also be reviewed for acceptability. It is 
also possible that a weakness in one factor can be mitigated by a strength in another 
factor. For example, it may be acceptable on a temporary basis to use a strength in 
human factors such as highly competent operating staff to mitigate a design or equip
ment weakness such as a lack of automatic protection against a postulated slow type 
of reactor fault of very low probability until an appropriate design or equipment 
change is implemented.

407. The review should determine the status of each factor at the time of the PSR 
and whether the established operating regime is capable of identifying, preventing 
or mitigating potential failures before they could cause a radiological incident. Age 
related degradation mechanisms which could lead to failures of key nuclear power 
plant structures, systems or components and potentially limit the plant life should be 
identified to the extent possible.

408. The level of effort required in the review of a factor is dependent on the avail
ability and retrievability of relevant information.

409. The eleven PSR safety factors are defined and explained in the following sub
sections. The objective of the review of each factor is given, as well as a description 
of the factor, its desired status, and those aspects of the factor which should be 
reviewed. The Appendix elaborates on the description of factors by suggesting fur
ther elements that should be included in the review.

ACTUAL PHYSICAL CONDITION OF THE 
NUCLEAR POWER PLANT

Objective

410. The objective of the review is to determine the actual physical condition of the 
nuclear power plant.

10
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Description

411. Knowledge of the actual physical condition of the structures, systems and com
ponents of the nuclear power plant is of prime importance if an objective PSR is to 
be carried out. (The term ‘nuclear power plant’ includes all facilities and equipment 
on-site as stated in para. 301.) This knowledge should, as far as possible, be deter
mined at an early stage of the PSR and should then be maintained current. It is of 
particular importance for plants which have undergone many modifications during 
their lifetime and those where record keeping has been less than satisfactory. Where 
data are lacking, it will be generally necessary to generate or derive them and special 
tests or inspections may be required to do this. The validity of existing records 
should be checked to ensure that they accurately represent the status of the plant. It 
may not be possible to determine the actual physical condition of some areas of the 
plant, owing, for example, to a plant layout or operating conditions that preclude a 
necessary inspection. Such areas should be highlighted and their safety significance 
considered.

SAFETY ANALYSIS 

Objective

412. The objective of the review is to determine to what extent the existing safety 
analysis remains valid when the actual status of the plant, its predicted end-of-life 
state, and current analytical methods, safety standards and knowledge are taken into 
account.

Description

413. A safety analysis should exist for each operating nuclear power plant and 
should confirm the design basis for items important to safety and describe the 
plant behaviour for postulated initiating events [4]. The current state of this 
safety analysis should be reviewed for its scope, methods and assumptions. The 
review should update the current safety analysis as necessary to ensure that it is 
based on the actual plant design, reflects the current and predicted end-of-life 
status of systems, structures and components, and considers all postulated initiating 
events that are appropriate for the plant design and plant location. Determination 
of the actual design will require a review of all plant modifications. Current 
analytical methods should be used, particularly in regard to computer codes for 
transient analyses.

11
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414. The potential for cross-links and the effects of common cause events were often 
not adequately considered in earlier nuclear power plant designs and these may 
require a systematic review. Although PSA is not essential, it may assist in identify
ing cross-link faults and in confirming that there are no significant weaknesses in the 
plant design.

415. The review of the safety analysis should determine whether the actual plant 
design is capable of meeting the prescribed regulatory limits for radiation doses and 
releases resulting from postulated accidents. It should also identify or confirm major 
weaknesses of the plant design. If the safety concept of the plant design differs from 
current practice, it is important that any advantages inherent in that concept be 
recognized.

EQUIPMENT QUALIFICATION 

Objective

416. The objective of the review is to determine whether equipment important to 
safety is qualified to perform its designated safety function throughout its installed 
life.

Description

417. Nuclear power plant equipment important to safety should be properly quali
fied to ensure its capability to perform its safety functions under postulated service 
conditions, including those arising from natural events and accidents (e.g. loss of 
coolant accidents, high energy line break and seismic or other vibration conditions) 
[4-6]. The equipment qualification requirements should be prescribed by relevant 
regulatory codes and guides and industrial standards.

418. Qualification of nuclear power plant equipment important to safety should be 
achieved through a process that includes generating, documenting and maintaining 
evidence that equipment can perform its safety functions during its installed life. This 
should be an ongoing process, from the plant design to the end of service life, and 
should take account of plant ageing, modifications, repairs and refurbishment, equip
ment failures and replacement and abnormal operating conditions. Although many 
parties are involved in the equipment qualification process (plant designers, equip
ment manufacturers, consultants, etc.) the licensee has the ultimate responsibility for 
the development and implementation of a plant specific equipment qualification 
programme that includes generating and maintaining the documentation demonstrat
ing qualifiction.
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419. The review of equipment qualification should determine (a) whether assurance 
of the required equipment performance capability was initially provided and
(b) whether equipment performance has been preserved by ongoing application of 
measures such as scheduled maintenance, testing and calibration. It should be noted 
that a review relating to (a) may not be necessary if a previous review has concluded 
that adequate initial equipment qualification was established; and a review relating 
to (b) should provide assurance that equipment qualification will be satisfactorily 
preserved in future.

MANAGEMENT OF AGEING 

Objective

420. The objective of the review is to determine whether ageing in a nuclear power 
plant is being effectively managed so that required safety margins are maintained, 
and whether an adequate ageing management programme is in place for future plant 
operation.

Description

421. All structures, systems and components (SSCs) of nuclear power plants are 
subject to some form of physical changes caused by ageing which could eventually 
impair their safety function. The rates of these changes vary considerably. It is 
therefore important to understand and control ageing of all materials (including 
consumables, such as lubricants) and SSCs which could impair their safety functions. 
Whereas the first safety factor establishes the actual physical condition of the SSCs 
at the time of the PSR, this factor is primarily concerned with the condition of the 
SSCs in the future.

422. Managing the ageing of SSCs important to safety means predicting and/or 
detecting when a plant component has degraded to the point that the required safety 
margins are threatened, and taking appropriate corrective or mitigatory actions. 
A nuclear power plant should have an established, systematic and effective ageing 
management programme consisting of all relevant activities, such as surveillance, 
maintenance, chemistry control and feedback of operating experience to ensure that 
required safety margins of SSCs important to safety are maintained throughout 
plant service life. The owner/operator should have an ongoing assessment of the 
effectiveness of the ageing management programme and a feedback mechanism 
for its improvement. Relevant guidance on the management of plant ageing is given 
in Refs [7, 8].
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423. The review of the management of ageing should determine whether a 
systematic and effective ageing management programme is in place, and whether 
there are adequate arrangements to maintain required safety margins during future 
plant operation. Both programmatic aspects (e.g. programme policy, procedures, 
performance indicators, staffing, resources, record keeping, etc.) and technical 
aspects (e.g. ageing management methodology, the extent of understanding of 
relevant ageing phenomena, SSC-specific acceptance criteria, ageing detection and 
mitigation methods, and actual physical condition of SSCs) of ageing management 
should be evaluated.

SAFETY PERFORMANCE 

Objective

424. The objective of the review is to determine the safety performance of the 
nuclear power plant and its trend from records of operating experience.

Description

425. Safety performance is usually determined from assessments of operating 
experience, including safety related incidents, and records of safety system 
unavailability, radiation doses, and the generation of radioactive wastes and radio
active effluents. The owner/operator should have a system which keeps a record of 
all incidents and evaluates their safety significance. In addition, records of plant 
operation, maintenance, testing, inspection, replacement and modifications should 
be regularly evaluated to identify any unsafe situations or trends. The results of these 
evaluations should be suitably summarized to give an overall assessment of safety 
performance during each year of plant operation. Safety performance indicators, 
which have been developed by some Member States and by WANO, could be used 
for this purpose. Indicators of both failure and success should be utilized. A PSR 
should review all relevant indicators of safety performance, and subject them to trend 
analysis to highlight potential safety problems. References [2, 9, 10] provide 
guidance for verifying compliance with specified requirements for safe plant 
operation.

426. The radiation risk resulting from normal nuclear power plant operation 
and anticipated operational occurrences is also an important element of the 
plant safety performance. Relevant indicators include radiation dose data, 
which provide an indication of the risk posed to the plant personnel, and
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radioactive effluent data, which provide some indication of the environmental 
impact. Records of radiation doses and radioactive effluents should be reviewed 
to determine whether these are within prescribed limits, as low as reasonably 
achievable and adequately managed. In addition, data on the generation of 
radioactive wastes should be reviewed as such wastes contribute to the radiation 
risk. The IAEA Code [2] and associated Safety Guides [11-13] provide guidance 
on a radiation protection programme, including the establishment of prescribed 
limits and the management of radioactive wastes and effluents arising from nuclear 
power plant operation.

USE OF EXPERIENCE FROM OTHER PLANTS 
AND RESEARCH FINDINGS

Objective

427. The objective of the review is to determine whether there is adequate feedback 
of safety experience from other nuclear power plants and the findings of 
research.

Description

428. Experience from other nuclear power plants, and sometimes from non-nuclear 
plants, together with research findings can reveal unknown safety weaknesses or help 
in the solution of existing problems. There are established arrangements for the 
dissemination of nuclear plant operational experience by the IAEA, the Nuclear 
Energy Agency of the Organisation for Economic Co-operation and Development 
(OECD/NEA), the World Association of Nuclear Operators (WANO), the Institute 
of Nuclear Power Operations (INPO) and various plant owner groups. There are less 
well established arrangements for the dissemination of research findings, owing 
partly to commercial considerations and the need to use the research findings in con
junction with operating experience. The owner/operator should have arrangements 
for receiving and assessing feedback information as a part of the normal activities. 
A PSR should review the adequacy of these arrangements and the timely implemen
tation of assessment findings. For a utility with many nuclear power plants it may 
be better to have generic assessments applicable to several plants than specific 
reviews of this factor in PSRs for each plant. PSRs would then be limited for this 
safety factor to reviewing the implementation of site specific requirements from the 
generic reviews.
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PROCEDURES

Objective

429. The objective of the review is to determine whether nuclear power plant proce
dures for operation, maintenance, inspection, testing and modification are of an ade
quate standard.

Description

430. Procedures should be comprehensive, validated and formally approved. In 
addition, they should be unambiguous and relevant to the actual plant, reflect current 
practice as far as is reasonably practicable, and be readily available to relevant 
people and subject to appropriate change control. Operating procedures should be 
in agreement with the assumptions of the safety analysis. The review of this factor 
should cover:

(a) Operating procedures for normal and abnormal conditions (including accident 
and post-accident conditions);

(b) Maintenance, test and inspection procedures;
(c) Work permit procedures;
(d) Control procedures for modifications of plant design, procedures and 

hardware;
(e) Radiation protection procedures.

Detailed advice is given in the IAEA Code [2] and its supporting Safety Guides 
[9-15],

ORGANIZATION AND ADMINISTRATION 

Objective

431. The objective of the review is to determine whether the organization and 
administration are adequate for safe operation of the nuclear power plant.

Description

432. The impact of organization and administration on nuclear power plant safety 
should not be overlooked in the conduct of a PSR. Together with human factors, they 
play a significant role in defining safety culture. (Reference [16] gives advice on
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safety culture, including indicators which should be examined during a PSR when 
reviewing organization and administration and human factors.) The review should 
examine the organization and administration to ensure that these comply with 
accepted good practices and do not present an unacceptable contribution to risk. The 
aspects should include: management, configuration control, technical and contrac
tual support, training, quality assurance, records, and compliance with regulatory 
and other statutory requirements. Because some of these aspects deal with the 
manner in which the operating organization conducts its affairs, it may be difficult 
for that organization to carry out an objective review and external specialists may 
be needed.

HUMAN FACTORS 

Objective

433. The objective of the review is to determine the status of the various human fac
tors which may affect the safe operation of the nuclear power plant.

Description

434. Human factors influence all aspects of safety of an operational nuclear power 
plant. They are a significant element of the plant safety culture. Reviews should 
examine the status of the human factors to determine if these comply with accepted 
good practices and do not present an unacceptable contribution to risk. The review 
should be wide ranging and include staffing, selection and training, personnel related 
issues, the style of procedures and the man-machine interface. It should be carried 
out with the assistance of appropriately qualified specialists. Because of the difficul
ties associated with carrying out an objective review of what is essentially its own 
human performance, the operating organization may decide that specific elements 
can only be carried out by external consultants or, possibly, expert regulatory staff. 
This is particularly the case when nuclear power plants are operated by relatively 
small organizations.

EMERGENCY PLANNING 

Objective

435. The objective of the review is to determine whether the owner/operator has 
adequate plans, staff, facilities and equipment for dealing with emergencies and
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whether the owner/operator’s arrangements are adequately co-ordinated with local 
and national arrangements and are regularly exercised.

Description

436. The design and operation of a nuclear power plant should prevent releases of 
radioactive substances that could affect the health of workers or the public. Emer
gency planning for the possibility of such a release is a prudent and necessary action 
not only by the owner/operator but also by local and national authorities. A PSR 
should include an overall review which checks that the emergency planning at 
the plant continues to be satisfactory. Emergency plans should be maintained in 
accordance with current safety analyses, accident mitigation studies and good prac
tices. Emergency exercises should demonstrate and identify possible shortcomings 
in the competence of on-site and off-site staff, the required functional capability of 
equipment (including communications equipment) and the adequacy of the planning. 
PSRs should check that account has been taken of significant changes on the nuclear 
power plant site and in its usage, organizational changes at the plant and in the main
tenance and storage of emergency equipment, and industrial, commercial and 
housing developments around the site. Guidance is given in IAEA Safety Series 
No. 50-SG-06 [17] and No. 73 [18] and further information can be found in 
Refs [19, 20].

ENVIRONMENTAL IMPACT 

Objective

437. The objective of the review is to determine whether the owner/operator has an 
adequate programme for surveillance of the environmental impact of the nuclear 
power plant.

Description

438. The owner/operator should have an established and effective surveillance 
programme that provides radiological data on the surroundings of the plant site. 
Examples of such data are the concentration of radionuclides in air, water (river, sea, 
ground), soil, agricultural products and animals. These data should be compared 
with the values measured before the nuclear power plant was put into operation. In 
the event of significant deviations, an explanation has to be given taking into account 
relevant factors external to the nuclear power plant. A PSR should examine whether 
this programme is appropriate and sufficiently comprehensive in order to check all
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relevant environmental aspects. The radiological impact of the plant on the environ
ment should not be significant compared to that due to naturally occurring sources 
of radiation.

5. ROLES AND RESPONSIBILITIES

501. The primary responsibility for conducting a PSR and reporting its findings lies 
with the owner/operator of the plant. The owner/operator should report all signifi
cant findings of the review to the regulator as soon as they are available. In addition 
to the final report of a PSR, an interim progress report should be prepared by the 
owner/operator if there is significant divergence from the agreed schedule.

502. The regulator has the responsibility of specifying the requirements for a PSR, 
reviewing the conduct and conclusions of the review and the consequential corrective 
actions and taking appropriate licensing actions. It is also responsible for reporting 
its findings to the national government and the general public.

503. Under certain circumstances, such as if insufficient resources are available to 
the owner/operator or regulator or if expertise is lacking, external assistance in 
performing or reviewing the PSR may be required.

504. Certain parts of a PSR can only be carried out by external consultants. A possi
ble example of this is the review of the operator’s management. Such a review can 
only be carried out in an objective manner by a group which is independent of the 
organization itself.

6. REVIEW PROCEDURE

INTRODUCTION

601. A basic procedure for implementing the strategy described in Section 4, which 
is applicable to all the safety factors, is shown in Fig. 1. It consists of three major 
steps. The first is the assessment of the current safety status, the second is an interim 
safety review and the third is an in-depth safety review. The individual steps are 
further illustrated in Figs 2-4 and are described in the following paragraphs. The 
procedure is intended to be sufficiently flexible to allow a Member State to consider
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FIG. 1. Procedure for periodic safety review of a nuclear power plant: flowchart of an overall 
process.
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Current safety
standards, methods, practices

FIG. 2. Step 1 of procedure for periodic safety review of a nuclear power plant: assessment 
of current safety.
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Current safety
standards, methods, practices

FIG. 3. Step 2 o f  procedure fo r  periodic safety review o f  a nuclear pow er plant: interim safety 
review.

22

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



FIG. 4. Step 3 o f  procedure fo r  periodic safety review o f  a nuclear power plant: in-depth 
safety review.
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each factor and modify it in detail to comply with national requirements and to facili
tate the use of findings of relevant studies and routine or special safety reviews.

602. Before a PSR is started, there are a number of prerequisites which must be 
satisfied. The main prerequisite is an agreement between the owner/operator and the 
regulator as to the scope of the review, and the safety standards, methods and prac
tices to be used in the review. It is recommended that the scope should include, as 
a minimum, the safety factors given in Section 4. A Member State may wish to 
extend the list of safety factors, for example, by considering quality assurance or 
radiological protection as separate factors. If any of the safety factors given in 
Section 4 are not to be included, this fact should be documented and a rationale for 
their exclusion from the PSR given. The safety standards, methods and practices will 
in most cases be based on current national standards and practices and will reflect 
current knowledge. In those cases where adequate national standards do not exist, 
reference should be made to international codes and standards (such as those of the 
IAEA, the International Organization for Standardization (ISO), the International 
Electrotechnical Commission (IEC)) or, where appropriate, of a recognized organi
zation of a particular country (e.g. American Society of Mechanical Engineers 
(ASME), Institute of Electrical and Electronics Engineers, Inc. (IEEE)). The 
standards and practices of the design and operating organizations could also be 
relevant and should be taken into account, for example INPO good practices.

STEP 1: ASSESSMENT OF CURRENT NUCLEAR POWER PLANT SAFETY

603. In Step 1 information on each of the eleven safety factors is assessed by current 
methods and a comparison with current safety standards and practices is made 
(Fig. 2). A list of deviations should be prepared, giving areas where current require
ments are exceeded and where they are not achieved. All significant shortcomings 
should be clearly identified. If there are no shortcomings, further review steps are 
not necessary.

STEP 2: INTERIM SAFETY REVIEW

604. Any information which reveals a shortcoming should be subjected to an 
immediate safety review (Step 2.1) (Fig. 3). The intent is that this review should be 
carried out without delay and therefore it should be done using expert judgement 
rather than detailed analysis.

605. In cases where the safety significance is high, immediate remedial actions 
should be implemented. In cases where it is judged that the situation is serious, but

24

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



does not require immediate action, interim measures should be proposed for 
implementation as soon as is considered reasonable.

606. The next step (Step 2.2) in the interim review is an assessment by the regulator 
of the adequacy of the remedial actions and interim measures against current safety 
standards and practices. The outcome of this step will be a decision between two 
alternatives (Fig. 3):

(a) The plant is shut down (with the inadequately corrected shortcomings and 
specific inadequacies clearly identified);

(b) The plant is allowed to operate (with the shortcomings and associated remedial 
actions and interim measures clearly identified).

STEP 3: IN-DEPTH SAFETY REVIEW

607. The decision reached in Step 2 to either continue to operate or shut down the 
nuclear power plant conditionally should be confirmed by carrying out an in-depth 
safety review of all shortcomings, associated remedial actions and interim measures, 
together with the plant strengths identified in Step 1 (Fig. 4). This in-depth review 
should use current techniques to the greatest extent possible and should, as appropri
ate, take due account of the insights provided by PSA and cost-benefit analyses.

608. Remedial actions and interim measures implemented for each of the shortcom
ings identified in Step 1 are assessed in Step 3.1 to determine their adequacy for 
unconditional operation.

609. If the in-depth review shows that for a particular shortcoming the remedial 
actions and interim measures have reduced its contribution to the risk associated with 
continued plant operation to an acceptable level, this shortcoming should be included 
in the list of resolved shortcomings. If, on the other hand, the in-depth review shows 
that this contribution to the risk associated with continued plant operation is too high, 
the feasibility of other permanent corrective actions to deal with the shortcoming 
should be assessed (Step 3.2). Those corrective actions which are feasible should be 
implemented. The remaining shortcomings should be included in the list of 
unresolved shortcomings.

610. The risk associated with continued operation in the presence of all unresolved 
shortcomings for all the safety factors should be assessed in their totality in Step 3.3. 
This is important because it is possible that each shortcoming when considered in 
isolation may appear acceptable, but when taken together with others may prove to
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be unacceptable. This is particularly relevant when considering human and organiza
tional factors. (Safety culture is represented by the combination of many individual 
factors, any one of which in isolation may appear unimportant.)

611. If the final conclusion is that continued operation represents an unacceptable 
risk to the public, the nuclear power plant should be shut down. If the final conclu
sion is that operation may continue, the shortcomings which have been identified 
should be summarized and the basis for the overall judgement recorded.

7. BASIS FOR ACCEPTABILITY 
OF CONTINUED PLANT OPERATION

701. The procedure described in Section 6 above should identify any differences 
between the safety status of a nuclear power plant and current safety standards and 
practices. Some differences may actually be strengths because the safety status of a 
plant on particular issues may be better than currently required. It is also important 
to note that the procedure does not require that an operating nuclear power plant meet 
all current requirements but that it be compared with them. It is recognized that some 
safety features, such as current seismic features, cannot easily be backfitted, and 
some design aspects, such as plant layout, are difficult to modify. For these cases, 
the procedure requires only that the risk associated with the shortcomings be assessed 
and the justification for continued operation be provided.

702. The differences which are classified as shortcomings should be assessed and 
a ‘risk’ judgement on the acceptability of continued operation with the shortcomings 
remaining after all corrective actions are implemented is required. The aspects 
involved in this judgement may include:

(1) Existing national policies on the operation o f  nuclear power plants. There are 
cases where compliance with the original safety standards when the plant was 
designed is an acceptable basis for operation throughout the operational life or at 
least the design life. Unless the original safety standards were clearly inadequate, a 
country may allow continued operation of a plant if the unresolved shortcomings do 
not cause non-compliance with the original safety standards.
(2) The remaining period o f operation proposed by the owner/operator. If the 
period is sufficiently short, the risk associated with continued operation with some 
shortcomings may be judged acceptable during this period, if adequate remedial 
measures can be in effect.
(3) Time required to implement corrective actions. If the time required to imple
ment corrective actions (modification) is considerable and the period of benefit short,
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then it may not be reasonable for a regulator to demand that the actions be taken. 
Should the modification be necessary, then continued operation should not be 
permitted until it is implemented or adequate interim measures have been taken.
(4) Use o f PSA. If the results of an adequate PSA are available and the PSA is 
acceptable to the regulators it may be used as a measure of the risk posed by each 
of the unresolved shortcomings. PSA information is clearly helpful, but the 
uncertainties in data and technique do not allow decisions on continued operation to 
be made on the basis of PSA results alone.
(5) Deterministic consideration o f the total effect on the safe plant operation o f all 
unresolved shortcomings and all corrective actions and strengths identified in 
Step 1. There is no obvious or verified procedure available at present other than a 
‘standback’ review and the use of expert judgement.
(6) Use o f cost-benefit analysis.

703. There may be circumstances in which the closure of a plant would have such 
severe social or economic consequences for the country that the decision is made to 
continue to operate it, the conclusions of the PSR notwithstanding. In such cases, 
assistance in improving plant safety to international standards may be provided 
bilaterally by countries having experience in nuclear power programmes or 
multilaterally through international organizations.

8. POST-REVIEW ACTIVITIES

801. A PSR is completed when all analyses and required corrective actions (i.e. 
modifications to plant or procedures) have been implemented. When it is not prac
ticable to complete these analyses and modifications within the time-scale of the 
PSR, schedules of outstanding work should be agreed upon between the owner/oper
ator and the regulator.

802. Documentation from the PSR should be stored in a suitable system with suffi
cient detail to allow easy retrieval and interrogation, by both owner/operator and 
regulator. The documentation should contain information on lessons learned from 
the PSR.

803. The regulator should report the findings of the PSR to the government and 
to other authorities as stipulated by national law, and should also inform the 
public. In addition, the plant owner/operator should inform relevant authorities and 
the public.
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Appendix

ELEMENTS OF REVIEW

This Appendix provides generic review elements for each safety factor. These 
elements describe specific topics or activities within the safety factor which should 
be reviewed. The elements listed may not cover all topics or activities associated with 
the safety factor and therefore addressing all of them does not necessarily mean that 
the particular safety factor is fully covered.

Before a PSR, the elements of review should be agreed upon between the regu
lator and the owner/operator responsible for conducting the PSR. They should be 
updated in accordance with current knowledge, standards and practices, and checked 
for consistency with the relevant national and international codes and standards.

ACTUAL PHYSICAL CONDITION OF THE NUCLEAR POWER PLANT

(a) A detailed description of the plant, supported by layout, system and equipment 
drawings.

(b) Information about the functional capability of the plant, systems and major 
items of equipment (including waste management and radiation protection 
systems and equipment).

(c) The findings of tests which validate the functional capability.
(d) The results of inspections of components.
(e) Maintenance records.
(f) A description of the present physical condition of systems, structures and com

ponents of the plant based on inspection or test.
(g) A description of the support facilities available to the plant both on and off the 

site, including maintenance and repair shops.
(h) A description of off-site characteristics, including population densities, indus

trial developments and transportation arrangements (airports, road and rail 
systems, etc.).

SAFETY ANALYSIS

(a) A compilation of the existing safety analysis and its assumptions.
(b) Structures, systems and components (SSCs) important to safety.
(c) Limits and permitted operational states.
(d) Postulated initiating events for the existing safety analyses and a comparable 

list for a modern nuclear power plant.
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(e) Analytical methods and computer codes used in the existing safety analysis and 
a comparable list for a modem nuclear power plant, including validation.

(f) Radiation dose and release limits for accident conditions.
(g) Regulatory rules for safety analyses of operator action, common cause 

events, cross-link effects, single failure criterion, redundancy, diversity and 
separation.

(h) Anticipated operational occurrences.
(i) Site characteristics, particularly flood and seismic, which may pose a hazard.
(j) Local meteorological conditions.
(k) Off-site population distribution.

EQUIPMENT QUALIFICATION

(a) List of equipment covered by the equipment qualification programme and a list 
control procedure.

(b) Qualification report and other supporting documents (e.g. equipment qualifica
tion specifications, qualification plan).

(c) Verification that the installed equipment matches the qualified equipment.
(d) Procedures to maintain qualification during the installed life of the equipment.
(e) Mechanisms for assuring compliance with these procedures.
(f) Surveillance programme and a feedback procedure to ensure that ageing degra

dation of qualified equipment remains insignificant.
(g) Analysis of the effect of equipment failures on equipment qualification and 

appropriate corrective actions to maintain equipment qualification.
(h) Protection of qualified equipment from adverse environmental conditions.
(i) Physical condition and functionality of qualified equipment.
(j) Records of all qualification measures taken during the installed life of

equipment.

MANAGEMENT OF AGEING

(a) Ageing management programme.
(b) Documented method and criteria for identifying SSCs covered by the ageing

management programme.
(c) List of SSCs covered by the ageing management programme and records

which provide information to support management of ageing.
(d) Evaluation and documentation of potential ageing degradation that may affect 

the safety functions of SSCs.
(e) The extent of understanding of dominant ageing mechanisms of SSCs.
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( f) The programme for timely detection and mitigation of ageing processes and/or 
ageing effects.

(g) Acceptance criteria and required safety margins for SSCs.
(h) Awareness of physical condition of SSCs, including actual safety margins.

SAFETY PERFORMANCE

(a) System for identifying and classifying safety related incidents.
(b) Arrangements for root cause analysis of incidents and implementation of

results.
(c) Methods for selecting and recording safety related operational data, including 

those for maintenance, test and inspection.
(d) Trend analyses of safety related operational data.
(e) Feedback of safety related operational data into the operating regime.
(f) Analyses of safety performance indicators such as:

— the frequency of unplanned trips while a reactor is critical
— the frequency of selected safety system actuation/demands
— the frequency of safety system failures
— safety system unavailability
— the collective radiation dose per year
— failure cause trends (operator errors, plant problems, administration, 

control problems)
— the backlog of outstanding maintenance
— the extent of repeat maintenance
— the extent of corrective (breakdown) maintenance
— the frequency of unplanned operator actions in the interests of safety and 

their success rate
— the rate of arisings of nuclear waste
— the quantities of stored nuclear wastes.

(g) Records of radiation doses to persons on site.
(h) Records of off-site radiation monitoring data.
(i) Records of the quantities of radioactive effluents.

USE OF EXPERIENCE FROM OTHER PLANTS
AND OF RESEARCH FINDINGS

(a) Arrangements for feedback of experience relevant to safety from other nuclear 
power plants and other relevant non-nuclear plants.

(b) Assessments of and actions on the above experience.
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(c) Arrangements for the receipt of information on the findings of relevant 
research programmes.

(d) Assessments of and actions on the research information.
(e) Plant modifications resulting from the above.

PROCEDURES

(a) Formal approval and documentation of all safety related procedures.
(b) Formal system for modification of a procedure.
(c) Understanding and acceptance of these procedures by management and on-site 

staff.
(d) Evidence that these procedures are followed.
(e) Adequacy of these procedures in comparison with good practice.
(f) Arrangements for regular review and maintenance of these procedures.
(g) Clarity of procedures taking into account human factor principles.
(h) Compliance of these procedures with the assumptions and findings of the safety 

analysis, plant design and operating experience.
(i) Symptom based emergency operating procedures for restoring critical safety 

functions.

ORGANIZATION AND ADMINISTRATION

(a) Mechanism for setting of operating and safety targets.
(b) Policy that safety takes precedence over production and its implementation.
(c) Documented roles and responsibilities of individuals and groups.
(d) Procedures for the feedback of experience to the staff, including the experience 

relating to organizational and management failures.
(e) Mechanisms for maintaining configuration of the nuclear power plant and its 

documentation.
(f) Formal arrangements for employing external technical, maintenance or other 

specialist staff.
(g) Staff training facilities and programmes.
(h) Quality assurance (QA) programme and regular QA audits involving indepen

dent assessors (see Ref. [21]).
(i) Compliance with regulatory requirements.
(j) Comprehensive, readily retrievable and auditable records of baseline informa

tion, operational and maintenance history [2, 8-10, 13, 22].
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HUMAN FACTORS

(a) Staffing levels for the operation of the nuclear power plant recognizing
absences, shift working and overtime restrictions.

(b) Availability of qualified staff on duty at all times.
(c) Systematic and validated staff selection methods (e.g. testing for aptitude,

knowledge and skills).
(d) Programmes for initial, refresher and upgrade training, including the use of 

simulators.
(e) Training in safety culture, particularly for management staff.
(f) Programmes for feedback of operating experience for human performance 

failures.
(g) Fitness for duty guidelines relating to hours of work, health and substance 

abuse.
(h) Competence requirements for operating, maintenance, technical and 

managerial staff.
(i) Man-machine interface: control room and other work station design; analysis 

of human information requirements and task workload.

EMERGENCY PLANNING

(a) Accident mitigation studies.
(b) Strategy and organization for emergencies.
(c) Plans and procedures for emergencies.
(d) On-site equipment and facilities for emergencies.
(e) On-site and off-site emergency centres.
(f) Communications.
(g) Emergency training, exercises and experience.
(h) Interactions of relevant organizations such as the regulatory body, police, fire 

departments, hospitals, ambulance services, local authorities, public welfare 
authorities and the information media.

(i) Arrangements for regular reviews of emergency plans and procedures.
(j) Security arrangements for emergencies.
(k) Local population distribution.

ENVIRONMENTAL IMPACT

(a) Effluent release limits.
(b) Records of effluent releases.
(c) Off-site monitoring for contamination and radiation levels.
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(d) Alarm systems to respond to unplanned effluent releases from on-site facilities.
(e) Publication of the environmental data.
(f) Changes in the use of land areas around the site.
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