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FOREWORD

by Mohamed ElBaradei
Director General

The TAEA’s Statute authorizes the Agency to establish safety standards
to protect health and minimize danger to life and property — standards which
the IAEA must use in its own operations, and which a State can apply by means
of its regulatory provisions for nuclear and radiation safety. A comprehensive
body of safety standards under regular review, together with the IAEA’s
assistance in their application, has become a key element in a global safety
regime.

In the mid-1990s, a major overhaul of the TAEA’s safety standards
programme was initiated, with a revised oversight committee structure and a
systematic approach to updating the entire corpus of standards. The new
standards that have resulted are of a high calibre and reflect best practices in
Member States. With the assistance of the Commission on Safety Standards,
the TAEA is working to promote the global acceptance and use of its safety
standards.

Safety standards are only effective, however, if they are properly applied
in practice. The TAEA’s safety services — which range in scope from
engineering safety, operational safety, and radiation, transport and waste safety
to regulatory matters and safety culture in organizations — assist Member
States in applying the standards and appraise their effectiveness. These safety
services enable valuable insights to be shared and I continue to urge all
Member States to make use of them.

Regulating nuclear and radiation safety is a national responsibility, and
many Member States have decided to adopt the IAEA’s safety standards for
use in their national regulations. For the Contracting Parties to the various
international safety conventions, IAEA standards provide a consistent, reliable
means of ensuring the effective fulfilment of obligations under the conventions.
The standards are also applied by designers, manufacturers and operators
around the world to enhance nuclear and radiation safety in power generation,
medicine, industry, agriculture, research and education.

The TAEA takes seriously the enduring challenge for users and regulators
everywhere: that of ensuring a high level of safety in the use of nuclear
materials and radiation sources around the world. Their continuing utilization
for the benefit of humankind must be managed in a safe manner, and the
TAEA safety standards are designed to facilitate the achievement of that goal.
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THE TAEA SAFETY STANDARDS

BACKGROUND

Radioactivity is a natural phenomenon and natural sources of radiation
are features of the environment. Radiation and radioactive substances have
many beneficial applications, ranging from power generation to uses in
medicine, industry and agriculture. The radiation risks to workers and the
public and to the environment that may arise from these applications have to
be assessed and, if necessary, controlled.

Activities such as the medical uses of radiation, the operation of nuclear
installations, the production, transport and use of radioactive material, and the
management of radioactive waste must therefore be subject to standards of
safety.

Regulating safety is a national responsibility. However, radiation risks
may transcend national borders, and international cooperation serves to
promote and enhance safety globally by exchanging experience and by
improving capabilities to control hazards, to prevent accidents, to respond to
emergencies and to mitigate any harmful consequences.

States have an obligation of diligence and duty of care, and are expected
to fulfil their national and international undertakings and obligations.

International safety standards provide support for States in meeting their
obligations under general principles of international law, such as those relating
to environmental protection. International safety standards also promote and
assure confidence in safety and facilitate international commerce and trade.

A global nuclear safety regime is in place and is being continuously
improved. IAEA safety standards, which support the implementation of
binding international instruments and national safety infrastructures, are a
cornerstone of this global regime. The IAEA safety standards constitute
a useful tool for contracting parties to assess their performance under these
international conventions.

THE IAEA SAFETY STANDARDS

The status of the IAEA safety standards derives from the IAEA’s Statute,
which authorizes the IAEA 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
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of health and minimization of danger to life and property, and to provide for
their application.

With a view to ensuring the protection of people and the environment
from harmful effects of ionizing radiation, the IAEA safety standards establish
fundamental safety principles, requirements and measures to control the
radiation exposure of people and the release of radioactive material to the
environment, to restrict the likelihood of events that might lead to a loss of
control over a nuclear reactor core, nuclear chain reaction, radioactive source
or any other source of radiation, and to mitigate the consequences of such
events if they were to occur. The standards apply to facilities and activities that
give rise to radiation risks, including nuclear installations, the use of radiation
and radioactive sources, the transport of radioactive material and the
management of radioactive waste.

Safety measures and security measures' have in common the aim of
protecting human life and health and the environment. Safety measures and
security measures must be designed and implemented in an integrated manner
so that security measures do not compromise safety and safety measures do not
compromise security.

The TAEA safety standards reflect an international consensus on what
constitutes a high level of safety for protecting people and the environment
from harmful effects of ionizing radiation. They are issued in the IAEA Safety
Standards Series, which has three categories (see Fig. 1).

Safety Fundamentals

Safety Fundamentals present the fundamental safety objective and
principles of protection and safety, and provide the basis for the safety
requirements.

Safety Requirements

An integrated and consistent set of Safety Requirements establishes the
requirements that must be met to ensure the protection of people and the
environment, both now and in the future. The requirements are governed by
the objective and principles of the Safety Fundamentals. If the requirements
are not met, measures must be taken to reach or restore the required level of
safety. The format and style of the requirements facilitate their use for the
establishment, in a harmonized manner, of a national regulatory framework.
The safety requirements use ‘shall’ statements together with statements of

! See also publications issued in the IAEA Nuclear Security Series.



This publication has been superseded by GSR Part 4 (Rev.

Safety Fundamentals
Fundamental Safety Principles

General Safety Requirements

Specific Safety Requirements

Part 1. Governmental, Legal and
Regulatory Framework for Safety

1. Site Evaluation for
Nuclear Installations

Part 2. Leadership and Management
for Safety

Part 3. Radiation Protection and the
Safety of Radiation Sources

2. Safety of Nuclear Power Plants

2.1. Design and Construction
2.2. Commissioning and Operation

Part 4. Safety Assessment for
Facilities and Activities

3. Safety of Research Reactors

Part 5. Predisposal Management
of Radioactive Waste

4. Safety of Nuclear Fuel
Cycle Facilities

Part 6. Decommissioning and
Termination of Activities

5. Safety of Radioactive Waste
Disposal Facilities

Part 7. Emergency Preparedness
and Response

6. Safe Transport of
Radioactive Material

|
Collection of Safety Guides

FIG. 1. The long term structure of the IAEA Safety Standards Series.

associated conditions to be met. Many requirements are not addressed to a
specific party, the implication being that the appropriate parties are responsible
for fulfilling them.

Safety Guides

Safety Guides provide recommendations and guidance on how to comply
with the safety requirements, indicating an international consensus that it is
necessary to take the measures recommended (or equivalent alternative
measures). The Safety Guides present international good practices, and
increasingly they reflect best practices, to help users striving to achieve high
levels of safety. The recommendations provided in Safety Guides are expressed
as ‘should’ statements.

APPLICATION OF THE IAEA SAFETY STANDARDS

The principal users of safety standards in JAEA Member States are
regulatory bodies and other relevant national authorities. The IAEA safety
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standards are also used by co-sponsoring organizations and by many
organizations that design, construct and operate nuclear facilities, as well as
organizations involved in the use of radiation and radioactive sources.

The IAEA safety standards are applicable, as relevant, throughout the
entire lifetime of all facilities and activities — existing and new — utilized for
peaceful purposes and to protective actions to reduce existing radiation risks.
They can be used by States as a reference for their national regulations in
respect of facilities and activities.

The IAEA’s Statute makes the safety standards binding on the IAEA in
relation to its own operations and also on States in relation to IAEA assisted
operations.

The TAEA safety standards also form the basis for the IAEA’s safety
review services, and they are used by the IAEA in support of competence
building, including the development of educational curricula and training
courses.

International conventions contain requirements similar to those in the
IAEA safety standards and make them binding on contracting parties.
The IAEA safety standards, supplemented by international conventions,
industry standards and detailed national requirements, establish a consistent
basis for protecting people and the environment. There will also be some
special aspects of safety that need to be assessed at the national level. For
example, many of the IAEA safety standards, in particular those addressing
aspects of safety in planning or design, are intended to apply primarily to new
facilities and activities. The requirements established in the TAEA safety
standards might not be fully met at some existing facilities that were built to
earlier standards. The way in which IAEA safety standards are to be applied
to such facilities is a decision for individual States.

The scientific considerations underlying the TAEA safety standards
provide an objective basis for decisions concerning safety; however, decision
makers must also make informed judgements and must determine how best to
balance the benefits of an action or an activity against the associated radiation
risks and any other detrimental impacts to which it gives rise.

DEVELOPMENT PROCESS FOR THE IAEA SAFETY STANDARDS

The preparation and review of the safety standards involves the IAEA
Secretariat and four safety standards committees, for nuclear safety (NUSSC),
radiation safety (RASSC), the safety of radioactive waste (WASSC) and the
safe transport of radioactive material (TRANSSC), and a Commission on
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FIG. 2. The process for developing a new safety standard or revising an existing standard.

Safety Standards (CSS) which oversees the IAEA safety standards programme
(see Fig. 2).

All TAEA Member States may nominate experts for the safety standards
committees and may provide comments on draft standards. The membership of
the Commission on Safety Standards is appointed by the Director General and
includes senior governmental officials having responsibility for establishing
national standards.

A management system has been established for the processes of planning,
developing, reviewing, revising and establishing the IAEA safety standards.
It articulates the mandate of the IAEA, the vision for the future application of
the safety standards, policies and strategies, and corresponding functions and
responsibilities.
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INTERACTION WITH OTHER INTERNATIONAL ORGANIZATIONS

The findings of the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) and the recommendations of international
expert bodies, notably the International Commission on Radiological
Protection (ICRP), are taken into account in developing the IAEA safety
standards. Some safety standards are developed in cooperation with other
bodies in the United Nations system or other specialized agencies, including
the Food and Agriculture Organization of the United Nations, the United
Nations Environment Programme, the International Labour Organization, the
OECD Nuclear Energy Agency, the Pan American Health Organization and
the World Health Organization.

INTERPRETATION OF THE TEXT

Safety related terms are to be understood as defined in the IAEA Safety
Glossary (see http://www-ns.iaea.org/standards/safety-glossary.htm). Otherwise,
words are used with the spellings and meanings assigned to them in the latest
edition of The Concise Oxford Dictionary. For Safety Guides, the English
version of the text is the authoritative version.

The background and context of each standard in the IAEA Safety
Standards Series and its objective, scope and structure are explained in
Section 1, Introduction, of each publication.

Material for which there is no appropriate place in the body text
(e.g. material that is subsidiary to or separate from the body text, is included in
support of statements in the body text, or describes methods of calculation,
procedures or limits and conditions) may be presented in appendices or
annexes.

An appendix, if included, is considered to form an integral part of the
safety standard. Material in an appendix has the same status as the body text,
and the TAEA assumes authorship of it. Annexes and footnotes to the main
text, if included, are used to provide practical examples or additional
information or explanation. Annexes and footnotes are not integral parts of the
main text. Annex material published by the IAEA is not necessarily issued
under its authorship; material under other authorship may be presented in
annexes to the safety standards. Extraneous material presented in annexes is
excerpted and adapted as necessary to be generally useful.
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1. INTRODUCTION

BACKGROUND

1.1. The Safety Fundamentals publication, Fundamental Safety Principles [1],
establishes principles for ensuring the protection of workers, the public and the
environment, now and in the future, from harmful effects of ionizing radiation.
These principles apply to all situations involving exposure to, or the potential
for exposure to, ionizing radiation (hereafter simply termed ‘radiation’).

1.2. Safety assessments' are to be undertaken as a means of evaluating
compliance with safety requirements (and thereby the application of the
fundamental safety principles) for all facilities and activities and to determine
the measures that need to be taken to ensure safety. The safety assessments are
to be carried out and documented by the organization responsible for
operating the facility or conducting the activity, are to be independently
verified and are to be submitted to the regulatory body as part of the licensing
or authorization process.

OBJECTIVE

1.3. The objective of this Safety Requirements publication is to establish the
generally applicable requirements to be fulfilled in safety assessment for
facilities and activities, with special attention paid to defence in depth,
quantitative analyses and the application of a graded approach to the ranges of
facilities and of activities that are addressed. The publication also addresses the
independent verification of the safety assessment that needs to be carried out
by the originators and users of the safety assessment. This publication is
intended to provide a consistent and coherent basis for safety assessment
across all facilities and activities, which will facilitate the transfer of good
practices between organizations conducting safety assessments and will assist in

! In general, safety assessment is the assessment of all aspects of a practice that
are relevant to protection and safety. For an authorized facility, this includes siting,
design and operation of the facility. Safety assessment is the systematic process that is
carried out throughout the lifetime of the facility or activity to ensure that all the
relevant safety requirements are met by the proposed (or actual) design. Safety
assessment includes, but is not limited to, the formal safety analysis.
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enhancing the confidence of all interested parties that an adequate level of
safety has been achieved for facilities and activities.

1.4. The set of requirements established in this publication (both as numbered
‘shall’ statements in bold type and as concomitant statements of associated
conditions that are required to be met) will be supported by more detailed
guidance on particular aspects of the safety assessment and safety analysis for
specific types of facilities and activities. This publication is aimed at achieving a
consistent terminology and identifying differences between the requirements
for different types of facilities and activities.

1.5. Implementation of the comprehensive set of requirements established in
this Safety Requirements publication will ensure that all the safety relevant
issues are considered. However, a graded approach must be taken to
implementation of the requirements, to provide flexibility. Hence, although it is
anticipated that all the safety requirements established here are to be complied
with, it is recognized that the level of effort to be applied in carrying out the
necessary safety assessment needs to be commensurate with the possible
radiation risks, and their uncertainties, associated with the facility or activity.

SCOPE

1.6. The requirements, which are derived from the Fundamental Safety
Principles [1], relate to any human activity that may cause people to be exposed
to radiation risks® arising from facilities and activities®, as follows:

2 The term ‘radiation risks’ refers to:
— Detrimental health effects of exposure to radiation (including the likelihood
of such effects occurring);
— Any other safety related risks (including those to ecosystems in the
environment) that might arise as a direct consequence of:
e Exposure to radiation;
e The presence of radioactive material (including radioactive waste) or its
release to the environment;
e A loss of control over a nuclear reactor core, nuclear chain reaction,
radioactive source or any other source of radiation.

3 The list of facilities and activities given here has been compiled from the lists
provided in the Fundamental Safety Principles [1] and the Safety Requirements
publication on Legal and Governmental Infrastructure for Nuclear, Radiation,
Radioactive Waste and Transport Safety [2].
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‘Facilities’ includes:

(a)
(b)
(c)
(d)
(e)
()

()
(h)
@)

Nuclear power plants;

Other reactors (such as research reactors and critical assemblies);
Enrichment facilities and fuel fabrication facilities;

Conversion facilities used to generate UF;

Storage and reprocessing plants for irradiated fuel;

Facilities for radioactive waste management where radioactive waste is
treated, conditioned, stored or disposed of;

Any other places where radioactive materials are produced, processed,
used, handled or stored;

Irradiation facilities for medical, industrial, research and other purposes,
and any places where radiation generators are installed;

Facilities where the mining and processing of radioactive ores (such as
ores of uranium and thorium) are carried out.

‘Activities’ includes:

(a)

(b)
(©)

(d)
(e)
(f)

1.7.

The production, use, import and export of radiation sources for industrial,
research, medical and other purposes;

The transport of radioactive material;

The decommissioning and dismantling of facilities and the closure of
repositories for radioactive waste;

The close-out of facilities where the mining and processing of radioactive
ore was carried out;

Activities for radioactive waste management such as the discharge of
effluents;

The remediation of sites affected by residues from past activities.

Safety assessment plays an important role throughout the lifetime of the

facility or activity whenever decisions on safety issues are made by the
designers, the constructors, the manufacturers, the operating organization or
the regulatory body. The initial development and use of the safety assessment
provides the framework for the acquisition of the necessary information to
demonstrate compliance with the relevant safety requirements, and for the
development and maintenance of the safety assessment over the lifetime of the
facility or activity.

1.8.

Stages in the lifetime of a facility or activity where a safety assessment is

carried out, updated and used by the designers, the operating organization and
the regulatory body include:
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(a) Site evaluation for the facility or activity*;

(b) Development of the design;

(c) Construction of the facility or implementation of the activity;

(d) Commissioning of the facility or activity;

(e) Commencement of operation of the facility or conduct of the activity;

(f) Normal operation of the facility or normal conduct of the activity;

(g) Modification of the design or operation;

(h) Periodic safety reviews;

(i) Life extension of the facility beyond its original design life;

(j) Changes in ownership or management of the facility;

(k) Decommissioning and dismantling of a facility;

(I)  Closure of a repository for the disposal of radioactive waste and the post-
closure phase;

(m) Remediation of a site and release from regulatory control.

1.9. For many facilities and activities, environmental impact assessments and
non-radiological risk assessments will be required before construction or
implementation can commence. The assessment of these aspects will, in
general, have many commonalities with the safety assessment that is carried
out to address associated radiation risks. These different assessments may be
combined to save resources and to increase the credibility and acceptability of
their results. However, this Safety Requirements publication does not establish
requirements for such a combined assessment or make recommendations on
how to assess non-radiological hazards.

STRUCTURE

1.10. Section 2 provides the basis for requiring a safety assessment to be carried
out, derived from the Fundamental Safety Principles [1]. Section 3 describes
the graded approach to implementation of the requirements for safety
assessment for different facilities and activities. Section 4 establishes the overall
requirements for a safety assessment and specific requirements that relate to
the assessment of features relevant to safety. Section 4 also establishes the
requirements to address defence in depth and safety margins, to perform safety
analysis, to document the safety assessment and to carry out an independent
verification. Section 5 establishes the requirements for the management, use
and maintenance of the safety assessment.

4 The requirements for transport related activities are established in Ref. [3].
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2.1.

2. BASIS FOR REQUIRING A SAFETY ASSESSMENT

Fundamental Safety Principles [1] states that the “fundamental safety

objective is to protect people and the environment from harmful effects of
ionizing radiation”. This objective applies to all facilities and activities as
described in Section 1, and has to be achieved for all stages in their lifetime
without unduly limiting the application of technology.

2.2.

Fundamental Safety Principles [1] establishes ten principles that apply in

achieving this fundamental safety objective. This leads, inter alia, to the
requirement for a safety assessment to be carried out.

2.3.

The text accompanying Principle 3 on leadership and management for

safety states that:

24.

“3.15. Safety has to be assessed for all facilities and activities, consistent
with a graded approach. Safety assessment involves the systematic
analysis of normal operation and its effects, of the ways in which failures
might occur and of the consequences of such failures. Safety assessments
cover the safety measures necessary to control the hazard, and the design
and engineered safety features are assessed to demonstrate that they
fulfil the safety functions required of them. Where control measures or
operator actions are called on to maintain safety, an initial safety
assessment has to be carried out to demonstrate that the arrangements
made are robust and that they can be relied on. A facility may only be
constructed and commissioned or an activity may only be commenced
once it has been demonstrated to the satisfaction of the regulatory body
that the proposed safety measures are adequate.” (Ref. [1].)

Principle 3 further states that:

“3.16. 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. For operations that continue over long periods of
time, assessments are reviewed and repeated as necessary. Continuation
of such operations is subject to these reassessments demonstrating to the
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2.5.

satisfaction of the regulatory body that the safety measures remain
adequate.” (Ref. [1].)

Principle 5 on the optimization of protection recognizes the need for a

graded approach so that:

“3.24. The resources devoted to safety by the licensee, and the scope and
stringency of regulations and their application, have to be commensurate
with the magnitude of the radiation risks and their amenability to control.
Regulatory control may not be needed where this is not warranted by the
magnitude of the radiation risks.” (Ref. [1].)

The concept of the graded approach applies to all aspects of safety assessment,
including the scope and the level of detail of the safety assessment required.
This is addressed in Section 3.

2.6.

The safety assessment also provides input into the application of other

fundamental principles, as follows:

(a)

(b)

(©)
(d)

(e)

()

Principle 4 on the justification of facilities and activities: to identify the
radiation risks that must be compensated for by the benefits yielded by
the facility or activity.

Principle 5 on the optimization of protection: to determine whether the
radiation risks that arise from the facility or activity have been reduced to
a level that is as low as reasonably achievable when economic and social
factors have been taken into account.

Principle 6 on the limitation of risks to individuals: to determine whether
the applicable dose limits and risk limits have been met.

Principle 7 on the protection of present and future generations: to
determine whether adequate protection is provided not only for local
populations but also for populations remote from facilities and activities,
and for the environment, now and in the future. A safety assessment will
provide input into any necessary environmental impact assessment.
Principle 8 on accident prevention: to determine whether all practicable
efforts have been made to prevent a loss of control over a nuclear reactor
core, nuclear chain reaction, radioactive source or other source of
radiation that could give rise to radiation risks.

Principle 9 on emergency preparedness and response: to identify the full
range of foreseeable events for which arrangements for emergency
preparedness and response need to be considered.
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(g) Principle 10 on the reduction of existing or unregulated radiation risks: to
determine the magnitude of existing or unregulated radiation risks and to
provide an input into the determination of whether proposed protective
actions are justified.

2.7. Principle 8 on prevention of accidents also states that the primary means
of ensuring high levels of safety is to apply defence in depth. In this approach, a
number of consecutive and independent levels of protection or physical
barriers are provided such that, if one level of protection or barrier were to fail,
the subsequent level or barrier would be available. Requirements on the safety
assessment of defence in depth are established in paras 4.45-4.48 of this
publication.

3. GRADED APPROACH TO SAFETY ASSESSMENT

Requirement 1: Graded approach

A graded approach shall be used in determining the scope and level of detail of
the safety assessment carried out in a particular State for any particular facility
or activity, consistent with the magnitude of the possible radiation risks arising
from the facility or activity.

3.1. Under Principle 5 of the Fundamental Safety Principles [1], it is also
stated that the resources devoted to safety by the licensee, and the scope and
stringency of regulations and their application, have to be commensurate with
the magnitude of the possible radiation risks and their amenability to control.
To apply this principle, a graded approach needs to be taken in carrying out the
safety assessments for the wide range of facilities and activities described in
Section 1, owing to the very different levels of possible radiation risks
associated with them. This allows flexibility in the way that the radiation risks
are assessed and controlled without unduly limiting the operation of facilities
or the conduct of activities.

3.2. A graded approach is to be used in determining the scope and level of
detail of the safety assessment carried out in a particular State for any
particular facility or activity, and the resources that need to be directed to it.
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3.3. The main factor to be taken into consideration in the application of a
graded approach is that the safety assessment has to be consistent with the
magnitude of the possible radiation risks arising from the facility or activity.
The approach also takes into account any releases of radioactive material in
normal operation, the potential consequences of anticipated operational
occurrences and possible accidents, and the possibility of the occurrence of
very low probability events with potentially high consequences.

3.4. Other relevant factors, such as the maturity or complexity of the facility
or activity, are also to be taken into account in a graded approach to safety
assessment. The consideration of maturity relates to the use of proven practices
and procedures, proven designs, data on operational performance of similar
facilities or activities, uncertainties in the performance of the facility or activity,
and the continuing and future availability of experienced manufacturers and
constructors. Complexity relates to the extent and difficulty of the effort
required to construct a facility or to implement an activity, the number of
related processes for which control is necessary, the extent to which radioactive
material has to be handled, the longevity of the radioactive material, and the
reliability and complexity of systems and components, and their accessibility
for maintenance, inspection, testing and repair.

3.5. Before starting the safety assessment, a judgement has to be made as to
the scope and level of detail of the safety assessment for the facility or activity,
and the resources that need to be directed to it, and this has to be agreed with
the regulatory body.

3.6. The application of the graded approach needs to be reassessed as the
safety assessment progresses and a better understanding is obtained of the
radiation risks arising from the facility or activity. The scope and level of detail
of the safety assessment are then modified as necessary and the level of
resources to be applied is adjusted accordingly.

3.7. A graded approach is also to be taken in applying the requirements for
updating the safety assessment (see para. 5.10).
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4. SAFETY ASSESSMENT

OVERALL REQUIREMENTS
Requirement 2: Scope of the safety assessment

A safety assessment shall be carried out for all applications of technology that
give rise to radiation risks; that is, for all types of facilities and activities.

Requirement 3: Responsibility for the safety assessment

The responsibility for carrying out the safety assessment shall rest with the
responsible legal person; that is, the person or organization responsible for the
facility or activity.

4.1. In application of the principles established in the Fundamental Safety
Principles (Ref. [1], paras 3.15, 3.16), a safety assessment is to be carried out for
all applications of technology that give rise to radiation risks; that is, for all
types of facilities and activities as described in Section 1.

4.2. The responsibility for carrying out the safety assessment rests with the
responsible legal person; that is, the person or organization responsible for the
facility or activity — generally, the person or organization authorized (licensed
or registered) to operate the facility or to conduct the activity. The operating
organization is responsible for the way in which the safety assessment is carried
out and for the quality of the results. If the operating organization changes, the
responsibility for the safety assessment has to be transferred to the new
operating organization. The safety assessment has to be carried out by a team
of suitably qualified and experienced people who are knowledgeable about all
aspects of safety assessment and analysis that are applicable to the particular
facility or activity concerned.

Requirement 4: Purpose of the safety assessment

The primary purposes of the safety assessment shall be to determine whether
an adequate level of safety has been achieved for a facility or activity and
whether the basic safety objectives and safety criteria established by the
designer, the operating organization and the regulatory body, in compliance
with the requirements for protection and safety as established in the
International Basic Safety Standards for Protection against Ionizing Radiation
and for the Safety of Radiation Sources [4], have been fulfilled.
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4.3. The requirements include requirements for the protection of workers and
the public against radiation exposure, and any other requirements for ensuring
the safety of the facility or activity.

4.4. The safety assessment has to include an assessment of the provisions in
place for radiation protection, to determine whether radiation risks are being
controlled within specified limits and constraints, and whether they have been
reduced to a level that is as low as reasonably achievable. This will also provide
an input into the application of the other fundamental safety principles, as
indicated in Section 2.

4.5. The safety assessment has to address all radiation risks that arise from
normal operation (that is, when the facility is operating normally or the activity
is being carried out normally) and from anticipated operational occurrences
and accident conditions (in which failures or internal or external events have
occurred that challenge the safety of the facility or activity). The safety
assessment for anticipated operational occurrences and accident conditions
also has to address failures that might occur and the consequences of any
failures.

4.6. A safety assessment has to be carried out at the design stage for a new
facility or activity, or as early as possible in the lifetime of an existing facility
or activity. For facilities and activities that continue over long periods of
time, the safety assessment needs to be updated as necessary through the
stages of the lifetime of the facility or activity, so as to take into account
possible changes in circumstances (such as the application of new standards
or new scientific and technological developments), changes in site
characteristics, and modifications to the design or operation, and also the
effects of ageing.

4.7. In the updating of the safety assessment, account also has to be taken of
operating experience, including data on anticipated operational occurrences
and accident conditions and accident precursors, both for the facility or the
activity itself and for similar facilities or activities.

4.8. The frequency at which the safety assessment is to be updated is related
to the radiation risks associated with the facility or activity, and the extent to
which changes are made to the facility or activity. As a minimum, the safety
assessment is to be updated in the periodic safety review carried out at
predefined intervals in accordance with regulatory requirements. Continuation
of operation of such facilities or conduct of such activities is subject to being

10
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able to demonstrate in the reassessment, to the satisfaction of the operating
organization and the regulatory body, that the safety measures in place remain
adequate.

4.9. It is determined in the safety assessment whether adequate measures
have been taken to control radiation risks to an acceptable level. It is
determined whether the structures, systems, components and barriers
incorporated into the design fulfil the safety functions required of them. It is
also determined whether adequate measures have been taken to prevent
anticipated operational occurrences and accident conditions, and whether any
radiological consequence can be mitigated if accidents do occur.

4.10. The safety assessment has to address all the radiation risks to individuals
and population groups that arise from operation of the facility or conduct of
the activity. This includes the local population and also population groups that
are geographically remote from the facility or activity giving rise to the
radiation risks, including population groups in other States, as appropriate.

4.11. The safety assessment has to address radiation risks in the present and in
the long term. This is particularly important for activities such as the
management of radioactive waste, the effects of which could span many
generations.

4.12. It has to be determined in the safety assessment whether adequate
defence in depth has been provided, as appropriate, through a combination of
several layers of protection (i.e. physical barriers, systems to protect the
barriers, and administrative procedures) that would have to fail or to be
bypassed before there could be any consequences for people or the
environment.

4.13. The safety assessment has to include a safety analysis, which consists of a
set of different quantitative analyses for evaluating and assessing challenges to
safety in various operational states, anticipated operational occurrences and
accident conditions, by means of deterministic and also probabilistic methods.
The scope and level of detail of the safety analysis are determined by use of a
graded approach, as described in Section 3. Determination of the scope and
level of detail of the safety analysis is an integral part of the safety assessment.

11
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4.14. The calculational methods and computer codes that are used to carry out
the safety analysis have to be verified, tested and benchmarked as appropriate
to build confidence in their use and their suitability for the intended
application. This will form part of the supporting evidence presented in the
documentation. As part of the management system, the operating organization
and the regulatory body have to seek improvements to the tools and data that
are used.

4.15. The results of the safety assessment are used to determine appropriate
safety related improvements to the design and operation of the facility or the
conduct of the activity. The results will allow assessment of the safety
significance of unremedied shortcomings or of planned modifications and may
be used to determine priorities for modifications. They may also be used to
provide the basis for permitting the continued operation of the facility or
conduct of the activity.

SPECIFIC REQUIREMENTS

4.16. Figure 1 shows the main elements of the process for safety assessment
and verification. This requires that a systematic evaluation of all features of the
facility or activity relevant to safety be carried out, and includes:

(a) Preparation for the safety assessment, in terms of assembling the
expertise, tools and information required to carry out the work;

(b) Identification of the possible radiation risks resulting from normal
operation, anticipated operational occurrences or accident conditions;

(c) Identification and assessment of a comprehensive set of safety functions;

(d) Assessment of the site characteristics that relate to the possible radiation
risks;

(e) Assessment of the provisions for radiological protection;

(f) Assessment of engineering aspects to determine whether the safety
requirements for design relevant to the facility or activity have been met;

(g) Assessment of human factor related aspects of the design and operation
of the facility or the planning and conduct of the activity;

(h) Assessment of safety in the longer term, which is of particular concern
when ageing effects might develop and might affect safety margins,
decommissioning and dismantling of facilities, and closure of repositories
for radioactive waste.

12
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The requirements associated with the main elements of safety assessment and
verification are established in this section (paras 4.17-4.44).

4.17. All the requirements established in this section are applicable in the
context of the complexity of, and the radiation risks associated with, the facility
or activity. The safety assessment incorporates a graded approach reflecting
these considerations, as indicated in para. 1.5 and described in Section 3.

Requirement 5: Preparation for the safety assessment

The first stage of carrying out the safety assessment shall be to ensure that the
necessary resources, information, data, analytical tools as well as safety criteria
are identified and are available.

4.18. The necessary preparations have to be made to ensure that:

(a) There are a sufficient number of people with the necessary skills and
expertise available to carry out the work, and adequate funding is
available;

(b) Background information relating to the location, design, construction,
commissioning, operation, decommissioning and dismantling of the
facility or activity, as relevant, is available, together with any other
evidence that is required to support the safety assessment;

(c) The necessary tools for carrying out the safety assessment are available,
including the necessary computer codes for carrying out the safety
analysis;

(d) The safety criteria defined in national regulations or approved by the
regulatory body to be used for judging whether the safety of the facility or
activity is adequate have been identified. This could include applicable
industrial safety standards and associated criteria.’

Requirement 6: Assessment of the possible radiation risks

The possible radiation risks associated with the facility or activity shall be
identified and assessed.

5> Examples are the standards of the American Society of Mechanical Engineers.

14
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4.19. The possible radiation risks® associated with the facility or activity include
the level and likelihood of radiation exposure of workers and the public, and of
the possible release of radioactive material to the environment, that are
associated with anticipated operational occurrences or with accidents that lead
to a loss of control over a nuclear reactor core, nuclear chain reaction,
radioactive source or any other source of radiation.

Requirement 7: Assessment of safety functions

All safety functions associated with a facility or activity shall be specified and
assessed.

4.20. All safety functions’ associated with a facility or activity are to be
specified and assessed. This includes the safety functions associated with the
engineered structures, systems and components, any physical or natural
barriers and inherent safety features as applicable, and any human actions
necessary to ensure the safety of the facility or activity. This is a key aspect of
assessment, and is vital to the assessment of the application of defence in depth
(see paras 4.45-4.48). An assessment is undertaken to determine whether the
safety functions can be fulfilled for all normal operational modes (including
startup and shutdown where appropriate), all anticipated operational
occurrences and the accident conditions to be taken into account; these include
design basis accidents and beyond design basis accidents (including severe
accidents).

4.21. In the assessment of the safety functions, it has to be determined whether
they will be performed with an adequate level of reliability, consistent with the
graded approach (see Section 3). It has to be determined in the assessment
whether the structures, systems, components and barriers that are provided to
perform the safety functions have an adequate level of reliability, redundancy,
diversity, separation, segregation, independence and equipment qualification,

6 The term “possible radiation risks’ relates to the maximum possible radiological
consequences that could occur when radioactive material is released from the facility or
in the activity, with no credit being taken for the safety systems or protective measures
in place to prevent this.

7 Safety functions are functions that are necessary to be performed for the facility
or activity to prevent or mitigate radiological consequences of normal operation,
anticipated operational occurrences and accident conditions. These functions can
include control of reactivity, removal of heat from radioactive material, confinement of
radioactive material and shielding, depending on the nature of the facility or activity.
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as appropriate, and whether potential vulnerabilities have been identified and
eliminated.

Requirement 8: Assessment of site characteristics

An assessment of the site characteristics relating to the safety of the facility or
activity shall be carried out.

4.22. An assessment of the site characteristics® relating to the safety of the
facility or activity has to cover:

(a) The physical, chemical and radiological characteristics that will affect the
dispersion or migration of radioactive material released in normal
operation or as a result of anticipated operational occurrences or accident
conditions;

(b) Identification of natural and human induced external events in the region
that have the potential to affect the safety of facilities and activities. This
could include natural external events (such as extreme weather
conditions, earthquakes and external flooding) and human induced
events (such as aircraft crashes and hazards arising from transport and
industrial activities), depending on the possible radiation risks associated
with the facilities and activities;

(¢c) The distribution of the population around the site and its characteristics
with regard to any siting policy of the State, the potential for
neighbouring States to be affected and the requirement to develop an
emergency plan.

4.23. The scope and level of detail of the site assessment have to be consistent
with the possible radiation risks associated with the facility or activity, the type
of facility to be operated or activity to be conducted, and the purpose of the
assessment (e.g. to determine whether a new site is suitable for a facility or
activity, to evaluate the safety of an existing site or to assess the long term
suitability of a site for waste disposal). The site assessment is to be reviewed
periodically over the lifetime of the facility or activity (see para. 5.10).

8 The ‘site’ is taken to mean the location of the facility or the location where an
activity is conducted.
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Requirement 9: Assessment of the provisions for radiation protection

It shall be determined in the safety assessment for a facility or activity whether
adequate measures are in place to protect people and the environment from
harmful effects of ionizing radiation.

4.24. Tt has to be determined in the safety assessment for a facility or activity
whether adequate measures are in place to protect people and the environment
from harmful effects of ionizing radiation, as required by the fundamental
safety objective [1].

4.25. It has to be determined in the safety assessment whether adequate
measures are in place to control the radiation exposure of workers and
members of the public within relevant dose limits (as required by Principle 6
[1]), and whether protection is optimized so that the magnitude of individual
doses, the number of people exposed and the likelihood of exposures being
incurred have all been kept as low as reasonably achievable, economic and
social factors having been taken into account (see Principle 5 [1]).

4.26. In the safety assessment of the provisions for radiation protection, normal
operation of the facility or activity, anticipated operational occurrences and
accident conditions have to be addressed.

Requirement 10: Assessment of engineering aspects

It shall be determined in the safety assessment whether a facility or activity
uses, to the extent practicable, structures, systems and components of robust
and proven design.

4.27. Relevant operating experience, including results of root cause analysis of
operational occurrences, accidents and accident precursors where appropriate,
have to be taken into account.

4.28. The design principles that have been applied for the facility are identified
in the safety assessment, and it has to be determined whether these principles
have been met. The design principles applied will depend on the type of facility
but could give rise to requirements to incorporate defence in depth, multiple
barriers to the release of radioactive material, and safety margins, and to
provide redundancy, diversity and equipment qualification in the design of
safety systems.

17
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4.29. Where innovative improvements beyond current practices have been
incorporated into the design, it has to be determined in the safety assessment
whether compliance with the safety requirements has been demonstrated by an
appropriate programme of research, analysis and testing complemented by a
subsequent programme of monitoring during operation.

4.30. It has to be determined in the safety assessment whether a suitable safety
classification scheme has been formulated and applied to structures, systems
and components. It has to be determined whether the safety classification
scheme adequately reflects the importance to safety of structures, systems and
components, the severity of the consequences of their failure, the requirement
for them to be available in anticipated operational occurrences and accident
conditions, and the need for them to be adequately qualified. It also has to be
determined in the safety assessment whether the scheme identifies the
appropriate industry codes and standards and the regulatory requirements that
need to be applied in the design, manufacturing, construction and inspection of
engineered features, in the development of procedures and in the management
system for the facility or activity.

4.31. The external events that could arise for a facility or activity have to be
addressed in the safety assessment, and it has to be determined whether an
adequate level of protection against their consequences is provided. This could
include natural external events, such as extreme weather conditions, and
human induced events, such as aircraft crashes, depending on the possible
radiation risks associated with the facility or activity. Where applicable, the
magnitude of the external events that the facility is required to be able to
withstand (sometimes referred to as design basis external events) has to be
established for each type of external event on the basis of historical data for the
site for natural external events and a survey of the site and the surrounding
area for human induced events. Where there is more than one facility or
activity at the same location, account has to be taken in the safety assessment of
the effect of a single external event, such as an earthquake or a flood, on all of
the facilities and activities, and of the potential hazards presented by each
facility or activity to the others.

4.32. The internal events that could arise for a facility have to be addressed in
the safety assessment, and it has to be demonstrated whether the structures,
systems and components are able to perform their safety functions under the
loads induced by normal operation and the anticipated operational occurrences
and accident conditions that were taken into account explicitly in the design of
the facility. Depending on the radiation risks associated with the facility or
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activity, this could include consideration of specific loads and load
combinations, and environmental conditions (e.g. temperature, pressure,
humidity and radiation levels) imposed on structures and components as a
result of internal events, such as pipe breaks, impingement forces, internal
flooding and spraying, internal missiles, load drop, internal explosions and fire.

4.33. It has to be determined in the safety assessment whether the materials
used are suitable for their purpose with regard to the standards specified in the
design, and for the operational conditions that arise during normal operation
and following anticipated operational occurrences or accidents that were taken
into account explicitly in the design of the facility or activity.

4.34. It has to be addressed in the safety assessment whether preference has been
given to a fail-safe design or, if this is not practicable, whether an effective means
of detecting failures that occur has been incorporated wherever appropriate.

4.35. It has to be determined in the safety assessment whether any time related
aspects, such as ageing and wear, or life limiting factors, such as cumulative
fatigue, embrittlement, corrosion, chemical decomposition and radiation
induced damage, have been adequately addressed. This includes the
assessment of ageing management programmes for nuclear facilities.

4.36. It has to be determined in the safety assessment whether equipment
essential to safety has been qualified to a sufficiently high level that it will be
able to perform its safety function in the conditions that would be encountered
in normal operation, and following anticipated operational occurrences and
accidents that were taken into account in the design, and in conditions that may
arise as a result of external events that were taken into account in the design.

4.37. The provisions made for the decommissioning and dismantling of the
facility or for the closure of a repository for the disposal of radioactive waste
have to be specified, and it has to be determined in the safety assessment
whether they are adequate.

Requirement 11: Assessment of human factors

Human interactions with the facility or activity shall be addressed in the safety
assessment, and it shall be determined whether the procedures and safety
measures that are provided for all normal operational activities, in particular
those that are necessary for implementation of the operational limits and
conditions, and those that are required in response to anticipated operational
occurrences and accidents, ensure an adequate level of safety.
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4.38. The safety of facilities and activities will depend on actions carried out by
the operating personnel, and all such human interactions with the facility or
activity are to be assessed.

4.39. It has to be evaluated in the safety assessment whether personnel
competences, the associated training programmes and the specified minimum
staffing levels for maintaining safety are adequate.

4.40. It has to be determined in the safety assessment whether requirements
relating to human factors were addressed in the design and operation of a
facility or in the way in which an activity is conducted. This includes those
human factors relating to ergonomic design in all areas and to human-machine
interfaces where activities are carried out.

4.41. For existing facilities and activities, aspects of safety culture are to be
included in the safety assessment as appropriate.

Requirement 12: Assessment of safety over the lifetime of a facility or activity

The safety assessment shall cover all the stages in the lifetime of a facility or
activity in which there are possible radiation risks.

4.42. A safety assessment is carried out at the design stage for a new facility or
activity. The safety assessment has to cover all the stages in the lifetime of a
facility or activity in which there are possible radiation risks (see para. 1.8). The
assessment includes activities that are carried out over a long period of time,
such as the decommissioning and dismantling of a facility, the long term storage
of radioactive waste, and activities in the post-closure phase of a repository for
radioactive waste in significant quantities, and the time at which such activities
are conducted (that is, whether they are conducted early or deferred to a later
time when radiation levels are lower).

4.43. In the case of a repository for radioactive waste in significant quantities,
radiation risks have to be considered for the post-closure phase. Radiation risks
following closure of the repository may arise from gradual processes, such as
the degradation of barriers, and from discrete events that could affect isolation
of the waste, such as inadvertent human intrusion or abrupt changes in
geological conditions.
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4.44. The Safety Requirements publication on Geological Disposal of
Radioactive Waste [5] requires that, in view of the uncertainties inherent in
predicting events, reasonable assurance of compliance with the safety
requirements relating to long term hazards be obtained by the use of multiple
lines of reasoning. Reasonable assurance of compliance is obtained by
supplementing the quantitative estimates of repository performance with
qualitative evidence that the repository as designed will provide isolation of the
waste.

DEFENCE IN DEPTH AND SAFETY MARGINS
Requirement 13: Assessment of defence in depth

It shall be determined in the assessment of defence in depth whether adequate
provisions have been made at each of the levels of defence in depth.

4.45. It has to be determined in the assessment of defence in depth whether
adequate provisions have been made at each of the levels of defence in depth
to ensure that the legal person responsible for the facility can:

(a) Address deviations from normal operation or, in the case of a repository,
from its expected evolution in the long term;

(b) Detect and terminate safety related deviations from normal operation or
from its expected evolution in the long term, should deviations occur;

(¢) Control accidents within the limits established for the design;

(d) Specity measures to mitigate the consequences of accidents that exceed
design limits;

(e) Mitigate radiation risks associated with possible releases of radioactive
material.

4.46. The necessary layers of protection, including physical barriers to confine
radioactive material at specific locations, and the necessary supporting
administrative controls for achieving defence in depth have to be identified in
the safety assessment. This includes identification of:

(a) Safety functions that must be fulfilled;

(b) Potential challenges to these safety functions;

(c) Mechanisms that give rise to these challenges, and the necessary
responses to them;

(d) Provisions made to prevent these mechanisms from occurring;

21



This publication has been superseded by GSR Part 4 (Rev. 1)

(e)
(f)

4.47.

Provisions made to identify or monitor deterioration caused by these
mechanisms, if practicable;
Provisions for mitigating the consequences if the safety functions fail.

To determine whether defence in depth has been adequately

implemented, it has to be determined in the safety assessment whether:

(a)

(b)
(©)

(d)

4.48.

Priority has been given to: reducing the number of challenges to the
integrity of layers of protection and physical barriers; preventing the
failure or bypass of a barrier when challenged; preventing the failure of
one barrier leading to the failure of another barrier; and preventing
significant releases of radioactive material if failure of a barrier does
occur;

The layers of protection and physical barriers are independent of each
other as far as practicable;

Special attention has been paid to internal and external events that have
the potential to adversely affect more than one barrier at once or to cause
simultaneous failures of safety systems;

Specific measures have been implemented to ensure reliability and
effectiveness of the required levels of defence.

It has to be determined in the safety assessment whether there are

adequate safety margins in the design and operation of the facility, or in the
conduct of the activity in normal operation and in anticipated operational
occurrences or accident conditions, such that there is a wide margin to failure of
any structures, systems and components for any of the anticipated operational
occurrences or any possible accident conditions. Safety margins are typically
specified in codes and standards as well as by the regulatory body. It has to be
determined in the safety assessment whether acceptance criteria for each
aspect of the safety analysis are such that an adequate safety margin is ensured.

SAFETY ANALYSIS

Requirement 14: Scope of the safety analysis

The performance of a facility or activity in all operational states and, as
necessary, in the post-operational phase shall be assessed in the safety analysis.
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4.49. Tt has to be determined in the safety analysis’ whether the facility or
activity is in compliance with the relevant safety requirements and regulatory
requirements.

4.50. The consequences arising from all normal operational conditions
(including startup and shutdown, where appropriate) and the frequencies and
consequences associated with all anticipated operational occurrences and
accident conditions have to be addressed in the safety analysis. This includes
accidents that have been taken into account in the design (referred to as design
basis accidents) as well as beyond design basis accidents (including severe
accidents) for facilities and activities where the radiation risks are high. The
analysis has to be performed to a scope and level of detail that correspond to
the magnitude of the radiation risk associated with the facility or activity, the
frequency of the events included in the analysis, the complexity of the facility or
activity, and the uncertainties inherent in the processes that are included in the
analysis.

4.51. Anticipated operational occurrences and accident conditions that
challenge safety are to be identified in the safety analysis. This includes all
internal and external events and processes that may have consequences for
physical barriers for confining the radioactive material or that otherwise give
rise to radiation risks.!” The features, events and processes to be considered in
the safety analysis are to be selected on the basis of a systematic, logical and
structured approach, and justification has to be provided that the identification
of all scenarios relevant for safety is sufficiently comprehensive.!! The analysis
has to be based on an appropriate grouping and bounding of the events and
processes, and partial failures of components or barriers as well as complete
failures have to be considered.

% ‘Safety analysis’ is the evaluation of the potential hazards associated with a
facility or an activity. This is a systematic process that is carried out throughout the
design process to ensure that all the relevant safety requirements are met by the
proposed (or actual) design. The safety analysis is part of the overall safety assessment.

10 Tt should be noted that different terms are used for internal and external events
and processes for different types of facilities and activities. For example, for nuclear
reactors, the term ‘postulated initiating events’ is used, whereas for the safety of
radioactive waste, the term usually used is ‘features, events and processes’.

I The term ‘scenario’ means a postulated or assumed set of conditions and/or
events.
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4.52. Relevant operating experience has to be taken into account in the safety
analysis. This includes operating experience from the actual facility or activity,
where available, and operating experience from similar facilities and activities.
It includes consideration of the anticipated operational occurrences and
accident conditions that have arisen during operation of the facility or conduct
of the activity. The aim of this will be to determine the cause of the
anticipated operational occurrences or accident conditions, their possible
effects, their significance and the effectiveness of the proposed corrective
actions.

Requirement 15: Deterministic and probabilistic approaches

Both deterministic and probabilistic approaches shall be included in the safety
analysis.

4.53. Deterministic and probabilistic approaches have been shown to
complement one another and can be used together to provide input into an
integrated decision making process. The extent of the deterministic and
probabilistic analyses carried out for a facility or activity has to be consistent
with the graded approach.

4.54. The aim of the deterministic approach is to specify and apply a set of
conservative deterministic rules and requirements for the design and operation
of facilities or for the planning and conduct of activities. When these rules and
requirements are met, they are expected to provide a high degree of confidence
that the level of radiation risks to workers and members of the public arising
from the facility or activity will be acceptably low. This conservative approach
provides a way of compensating for uncertainties in the performance of
equipment and the performance of personnel, by providing a large safety
margin.

4.55. The objectives of a probabilistic safety analysis are to determine all
significant contributing factors to the radiation risks arising from a facility or
activity, and to evaluate the extent to which the overall design is well balanced
and meets probabilistic safety criteria where these have been defined. In the
area of reactor safety, probabilistic safety analysis uses a comprehensive,
structured approach to identify failure scenarios. It constitutes a conceptual
and mathematical tool for deriving numerical estimates of risk. The
probabilistic approach uses realistic assumptions whenever possible and
provides a framework for addressing many of the uncertainties explicitly.
Probabilistic approaches may provide insights into system performance,
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reliability, interactions and weaknesses in the design, the application of defence
in depth, and risks, that it may not be possible to derive from a deterministic
analysis.

4.56. Improvements in the overall approach to safety analysis have permitted a
better integration of deterministic and probabilistic approaches. With
increasing quality of models and data, it is possible to develop more realistic
deterministic analysis and to make use of probabilistic information in selecting
accident scenarios. Increasing emphasis is being placed on specifying
probabilistically how compliance with the deterministic safety criteria is to be
demonstrated, for example, by specifying confidence intervals and how safety
margins are specified.

Requirement 16: Criteria for judging safety
Criteria for judging safety shall be defined for the safety analysis.

4.57. Criteria for judging safety, sufficient to meet the fundamental safety
objective and to apply the fundamental safety principles established in Ref.
[1] as well as to meet the requirements of the designer, the operating
organization and the regulatory body, have to be defined for the safety
analysis. In addition, detailed criteria may be developed to assist in assessing
compliance with these higher level objectives, principles and requirements,
including risk criteria that relate to the likelihood of anticipated operational
occurrences or the likelihood of accidents occurring that give rise to
significant radiation risks.

Requirement 17: Uncertainty and sensitivity analysis

Uncertainty and sensitivity analysis shall be performed and taken into account
in the results of the safety analysis and the conclusions drawn from it.

4.58. The safety analysis incorporates, to varying degrees, predictions of the
circumstances that will prevail in the operational or post-operational stages of
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a facility or activity. There will always be uncertainties'? associated with such
predictions that will depend on the nature of the facility or activity and the
complexity of the safety analysis. These uncertainties have to be taken into
account in the results of the safety analysis and the conclusions drawn from it.

4.59. Uncertainties in the safety analysis have to be characterized with respect
to their source, nature and degree, using quantitative methods, professional
judgement or both. Uncertainties that may have implications for the outcome
of the safety analysis and for decisions made on that basis are to be addressed
in uncertainty and sensitivity analyses. Uncertainty analysis refers mainly to the
statistical combination and propagation of uncertainties in data, whereas
sensitivity analysis refers to the sensitivity of results to major assumptions
about parameters, scenarios or modelling.

Requirement 18: Use of computer codes

Any calculational methods and computer codes used in the safety analysis shall
undergo verification and validation.

4.60. Any calculational methods and computer codes used in the safety
analysis have to undergo verification and validation to a sufficient degree.
Model verification is the process of determining that a computational model
correctly implements the intended conceptual model or mathematical model;
that is, whether the controlling physical equations and data have been correctly
translated into the computer code. System code verification is the review of
source coding in relation to its description in the system code documentation.
Model validation is the process of determining whether a mathematical model
is an adequate representation of the real system being modelled, by comparing
the predictions of the model with observations of the real system or with

12" There are two facets to uncertainty: aleatory (or stochastic) uncertainty and
epistemic uncertainty. Aleatory uncertainty has to do with events or phenomena that
occur in a random manner, such as random failures of equipment. These aspects of
uncertainty are inherent in the logical structure of the probabilistic model. Epistemic
uncertainty is associated with the state of knowledge relating to a given problem under
consideration. In any analysis or analytical model of a physical phenomenon,
simplifications and assumptions are made. Even for relatively simple problems, a model
may omit some aspects that are deemed unimportant to the solution. Additionally, the
state of knowledge within the relevant scientific and engineering disciplines may be
incomplete. Simplifications and incompleteness of knowledge give rise to uncertainties
in the prediction of outcomes for a specified problem.
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experimental data. System code validation is the assessment of the accuracy of
values predicted by the system code against relevant experimental data for the
important phenomena expected to occur. The uncertainties, approximations
made in the models, and shortcomings in the models and the underlying basis
of data, and how these are to be taken into account in the safety analysis, all
have to be identified and specified in the validation process. In addition, it has
to be ensured that users of the code have sufficient experience in the
application of the code to the type of facility or activity to be analysed.

Requirement 19: Use of operating experience data
Data on operational safety performance shall be collected and assessed.

4.61. If warranted by the possible radiation risks associated with a facility or
activity, data on operational safety performance have to be collected and
assessed, including records of incidents such as human errors, the performance
of safety systems, radiation doses, and the generation of radioactive waste and
effluents. The scope of the data to be collected for facilities and activities has to
be in accordance with the graded approach. For complex facilities, data are to
be collected on the basis of a set of safety performance indicators that have
been established for the facility. Data on operating experience are to be used,
as appropriate, to update the safety assessment and to review the management
systems; this is described further in Section 5.

DOCUMENTATION
Requirement 20: Documentation of the safety assessment
The results and findings of the safety assessment shall be documented.

4.62. The results and findings of the safety assessment are to be documented, as
appropriate, in the form of a safety report that reflects the complexity of the
facility or activity and the radiation risks associated with it. The safety report
presents the assessments and the analyses that have been carried out for the
purpose of demonstrating that the facility or activity is in compliance with the
fundamental safety principles and the requirements established in this Safety
Requirements publication, and any other safety requirements as established in
national laws and regulations.
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4.63. The quantitative and qualitative outcomes of the safety assessment form
the basis for the safety report. The outcomes of the safety assessment are
supplemented by supporting evidence for and reasoning about the robustness
and reliability of the safety assessment and its assumptions, including
information on the performance of individual components of systems as
appropriate.

4.64. The safety report has to document the safety assessment in sufficient
scope and detail to support the conclusions reached and to provide an adequate
input into independent verification and regulatory review. The safety report
includes:

(a) A justification for the selection of the anticipated operational
occurrences and accidents considered in the analysis;

(b) An overview and necessary details of the collection of data, the
modelling, the computer codes and the assumptions made;

(c) Criteria used for the evaluation of the modelling results;

(d) Results of the analysis covering the performance of the facility or activity,
the radiation risks incurred and a discussion of the underlying
uncertainties;

(e) Conclusions on the acceptability of the level of safety achieved and the
identification of necessary improvements and additional measures.

4.65. The safety report is to be updated as necessary. The safety report has to
be retained until the facility has been fully decommissioned and dismantled or
the activity has been terminated and released from regulatory control. For a
repository for radioactive waste, the safety report has to be retained for an
extended period of time after closure of the repository.

INDEPENDENT VERIFICATION

Requirement 21: Independent verification

The operating organization shall carry out an independent verification of the
safety assessment before it is used by the operating organization or submitted
to the regulatory body.

4.66. The operating organization is to carry out an independent verification to

increase the level of confidence in the safety assessment before it is used by the
operating organization or submitted to the regulatory body.
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4.67. The independent verification is performed by suitably qualified and
experienced individuals or a group different from those who carried out the
safety assessment. The aim of independent verification is to determine whether
the safety assessment has been carried out in an acceptable way.

4.68. The decisions made on the scope and level of detail of the independent
verification have to be reviewed in the independent verification itself, to ensure
that they are consistent with the graded approach and reflect the possible
radiation risks associated with the facility or activity, and its maturity and
complexity (see para. 3.4).

4.69. The independent verification has to combine an overall review, to
determine whether the safety assessment carried out is comprehensive, with
spot checks in which a much more detailed review is carried out that focuses on
those aspects of the safety assessment that have the highest impact on the
radiation risks arising from the facility or activity. It also has to be considered in
the independent verification whether there are any contributions to the
radiation risks that have not been taken into account.

4.70. It has to be determined in the independent verification whether the
models and data used are accurate representations of the design and operation
of the facility or the planning and conduct of the activity.

4.71. In addition, the regulatory body has to carry out a separate independent
verification to satisfy itself that the safety assessment is acceptable and to
determine whether it provides an adequate demonstration of whether the legal
and regulatory requirements are met."* The verification by the regulatory body
is not part of the operating organization’s process and is not to be used or
claimed by the operating organization as part of its independent verification.

13 Tt is accepted that the scope and extent of the independent verification carried
out by the regulatory body is at the discretion of the State.
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S. MANAGEMENT, USE AND MAINTENANCE OF
THE SAFETY ASSESSMENT

Requirement 22: Management of the safety assessment

The processes by which the safety assessment is produced shall be planned,
organized, applied, audited and reviewed.

Requirement 23: Use of the safety assessment

The results of the safety assessment shall be used to specify the programme for
maintenance, surveillance and inspection; to specify the procedures to be put in
place for all operational activities significant to safety and for responding to
anticipated operational occurrences and accidents; to specify the necessary
competences for the staff involved in the facility or activity and to make
decisions in an integrated, risk informed approach.

Requirement 24: Maintenance of the safety assessment
The safety assessment shall be periodically reviewed and updated.

5.1. The safety assessment is key to enabling the operating organization to
manage facilities and activities safely. It is also a vital input to the safety report
required to demonstrate compliance with regulatory requirements.

5.2. The safety assessment in itself cannot achieve safety. Safety can only be
achieved if the input assumptions are valid, the derived limits and conditions
are implemented and maintained, and the assessment reflects the facility or
activity as it actually is at any point in time. Facilities and activities change and
evolve over their lifetimes (e.g. through construction, commissioning,
operation, and decommissioning and dismantling or closure) and with
modifications, improvements and effects of ageing. Knowledge and
understanding also advance with time and experience. The safety assessment
has to be updated to reflect such changes and to remain valid. Updating of the
safety assessment is also important in order to provide a baseline for the future
evaluation of monitoring data and performance indicators and, for facilities for
the storage and disposal of radioactive waste, to provide an appropriate record
for reference with regard to future use of the site.
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5.3. The safety assessment has to be reviewed to identify the input
assumptions for which compliance is to be ensured by means of appropriate
controls for safety management.

5.4. The safety assessment provides one of the inputs into defining the limits
and conditions that are to be implemented by means of suitable procedures and
controls. These procedures and controls have to include a means for monitoring
to ensure that the limits and conditions are complied with at all times.

5.5. The results of the safety assessment have to be used to specify the
programme for maintenance, surveillance and inspection to be established,
which will use procedures and controls that are auditable to ensure that:

(a) All necessary conditions are maintained;
(b) All structures, systems and components maintain their integrity and
functional capability over their required lifetime.

5.6. The results of the safety assessment have to be used to specify the
procedures to be put in place for all operational activities significant to safety
and for responding to anticipated operational occurrences and to accidents.
The safety assessment is also to be used as an input into planning for on-site
and off-site emergency response and accident management.

5.7. The results of the safety assessment are to be used to specify the
necessary competences for the staff involved in the facility or activity, which are
used to inform their training, control and supervision.

5.8. The results of the safety assessment have to be used to make decisions in
an integrated, risk informed approach, by means of which the results and
insights from the deterministic and probabilistic assessments and any other
requirements are combined in making decisions on safety matters in relation to
the facility or activity.

5.9. Since the safety assessment provides such an important input into the
management system for facilities and activities, the processes by which it is
produced have to be planned, organized, applied, audited and reviewed in a
way that is in accordance with the graded approach. Consideration is also to be
given to ways in which results and insights from the safety assessment may best
be communicated to a wide range of interested parties, including the designers,
the operating organization, the regulatory body and other professionals.
Communication of the results from the safety assessment to interested parties
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has to be commensurate with the possible radiation risks arising from the
facility or activity and the complexity of the models and tools used.

5.10. The safety assessment has to be periodically reviewed and updated at
predefined intervals in accordance with regulatory requirements. Periodic
review may need to be carried out more frequently to take into account:

(a) Any changes that may significantly affect the safety of the facility or
activity;

(b) Significant developments in knowledge and understanding (such as
developments arising from research or operating experience);

(c) Emerging safety issues due to a regulatory concern or a significant
incident;

(d) Safety significant modifications to the computer codes, or changes in the
input data used in the safety analysis.
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Zarzuela, J.; Sweden: Hallman, A.; Switzerland: Flury, P.; Tunisia: Baccouche, S.;
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