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TAEA SAFETY STANDARDS AND RELATED PUBLICATIONS

IAEA SAFETY STANDARDS

Under the terms of Article 11 of its Statute, the IAEA is authorized to establish or adopt
standards of safety for protection of health and minimization of danger to life and property, and
to provide for the application of these standards.

The publications by means of which the IAEA establishes standards are issued in the
IAEA Safety Standards Series. This series covers nuclear safety, radiation safety, transport
safety and waste safety. The publication categories in the series are Safety Fundamentals,
Safety Requirements and Safety Guides.

Information on the IAEA’s safety standards programme is available on the IAEA Internet
site
https://www.iaea.org/resources/safety-standards

The site provides the texts in English of published and draft safety standards. The texts
of safety standards issued in Arabic, Chinese, French, Russian and Spanish, the IAEA Safety
Glossary and a status report for safety standards under development are also available. For
further information, please contact the IAEA at: Vienna International Centre, PO Box 100,
1400 Vienna, Austria.

All users of IAEA safety standards are invited to inform the IAEA of experience in their
use (e.g. as a basis for national regulations, for safety reviews and for training courses) for the
purpose of ensuring that they continue to meet users’ needs. Information may be provided via
the IAEA Internet site or by post, as above, or by email to Official. Mail@iaea.org.

RELATED PUBLICATIONS

The IAEA provides for the application of the standards and, under the terms of Articles I11
and VIIL.C of its Statute, makes available and fosters the exchange of information relating
to peaceful nuclear activities and serves as an intermediary among its Member States for this
purpose.

Reports on safety in nuclear activities are issued as Safety Reports, which provide
practical examples and detailed methods that can be used in support of the safety standards.

Other safety related IAEA publications are issued as Emergency Preparedness and
Response publications, Radiological Assessment Reports, the International Nuclear Safety
Group’s INSAG Reports, Technical Reports and TECDOCSs. The IAEA also issues reports
on radiological accidents, training manuals and practical manuals, and other special safety
related publications.

Security related publications are issued in the IAEA Nuclear Security Series.

The IAEA Nuclear Energy Series comprises informational publications to encourage
and assist research on, and the development and practical application of, nuclear energy for
peaceful purposes. It includes reports and guides on the status of and advances in technology,
and on experience, good practices and practical examples in the areas of nuclear power, the
nuclear fuel cycle, radioactive waste management and decommissioning.
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FOREWORD

by Rafael Mariano Grossi
Director General

The TAEA’s Statute authorizes it to “establish...standards of safety for
protection of health and minimization of danger to life and property”. These are
standards that the IAEA must apply to its own operations, and that States can
apply through their national regulations.

The TAEA started its safety standards programme in 1958 and there have
been many developments since. As Director General, I am committed to ensuring
that the IAEA maintains and improves upon this integrated, comprehensive and
consistent set of up to date, user friendly and fit for purpose safety standards of
high quality. Their proper application in the use of nuclear science and technology
should offer a high level of protection for people and the environment across
the world and provide the confidence necessary to allow for the ongoing use of
nuclear technology for the benefit of all.

Safety is a national responsibility underpinned by a number of international
conventions. The IAEA safety standards form a basis for these legal instruments
and serve as a global reference to help parties meet their obligations. While safety
standards are not legally binding on Member States, they are widely applied.
They have become an indispensable reference point and a common denominator
for the vast majority of Member States that have adopted these standards for use
in national regulations to enhance safety in nuclear power generation, research
reactors and fuel cycle facilities as well as in nuclear applications in medicine,
industry, agriculture and research.

The TAEA safety standards are based on the practical experience of its
Member States and produced through international consensus. The involvement
of the members of the Safety Standards Committees, the Nuclear Security
Guidance Committee and the Commission on Safety Standards is particularly
important, and I am grateful to all those who contribute their knowledge and
expertise to this endeavour.

The TAEA also uses these safety standards when it assists Member States
through its review missions and advisory services. This helps Member States in
the application of the standards and enables valuable experience and insight to be
shared. Feedback from these missions and services, and lessons identified from
events and experience in the use and application of the safety standards, are taken
into account during their periodic revision.



I believe the IAEA safety standards and their application make an invaluable
contribution to ensuring a high level of safety in the use of nuclear technology.
I encourage all Member States to promote and apply these standards, and to work
with the IAEA to uphold their quality now and in the future.



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 TAEA safety standards constitute
a useful tool for contracting parties to assess their performance under these
international conventions.

THE TAEA 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
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. Requirements, including
numbered ‘overarching’ requirements, are expressed as ‘shall’ statements. 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

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



Safety Fundamentals

Fundamental Safety Principles
[

General Safety Requirements

Specific Safety Requirements

Part 1. Governmental, Legal and
Regulatory Framework for Safety

1. Site Evaluation for
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Part 3. Radiation Protection and
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|
Collection of Safety Guides

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

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 TAEA SAFETY STANDARDS

The principal users of safety standards in IJAEA Member States are
regulatory bodies and other relevant national authorities. The IAEA safety
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 TAEA’s Statute makes the safety standards binding on the IAEA
in relation to its own operations and also on States in relation to [AEA
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 [AEA
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 IAEA 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 IAEA 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 TAEA SAFETY STANDARDS

The preparation and review of the safety standards involves the IAEA
Secretariat and five Safety Standards Committees, for emergency preparedness
and response (EPReSC) (as of 2016), nuclear safety (NUSSC), radiation safety
(RASSC), the safety of radioactive waste (WASSC) and the safe transport of
radioactive material (TRANSSC), and a Commission on 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 TAEA safety standards.
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FIG. 2. The process for developing a new safety standard or revising an existing standard.

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.

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 https://www.iaea.org/resources/safety-standards/safety-glossary).
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 IAEA 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. Radioactive waste is, for legal and regulatory purposes, material for which
no further use is foreseen that contains, or is contaminated with, radionuclides
at activity concentrations greater than clearance levels as established by the
regulatory body [1]. Radioactive waste must be managed safely and in such a
way as to avoid imposing an undue burden on future generations; that is, the
generations that produce radioactive waste have to seek and apply safe, practicable
and environmentally acceptable solutions for its long term management, in
accordance with IAEA Safety Standards Series No. SF-1, Fundamental Safety
Principles [2].

1.2. Requirements for the management of radioactive waste are established
in IAEA Safety Standards Series Nos GSR Part 5, Predisposal Management
of Radioactive Waste [3], and SSR-5, Disposal of Radioactive Waste [4].
Management systemsI for radioactive waste management2 are subject to the
requirements established in IAEA Safety Standards Series No. GSR Part 2,
Leadership and Management for Safety [5].

1.3. This Safety Guide provides recommendations on meeting the requirements
of GSR Part 2 [5] to provide confidence that the requirements for predisposal
management of radioactive waste established in GSR Part 5 [3] and those for
disposal of radioactive waste established in SSR-5 [4] will be met.

1.4. This Safety Guide supersedes IAEA Safety Standards Series Nos GS-G-3.3,
The Management System for the Processing, Handling and Storage of

' A management system is defined as a “set of interrelated or interacting elements

(system) for establishing policies and objectives and enabling the objectives to be achieved in
an efficient and effective manner” [1].

2 Radioactive waste management comprises all “administrative and operational
activities involved in the handling, pretreatment, treatment, conditioning, transport, storage
and disposal of radioactive waste” [1].



Radioactive Waste®, and GS-G-3.4, The Management System for the Disposal of
Radioactive Waste®.

1.5. This Safety Guide identifies the need to consider nuclear security as well as
safety; requirements and guidance on nuclear security are provided in the IAEA
Nuclear Security Series publications.

1.6. The Joint Convention on the Safety of Spent Fuel Management and on the
Safety of Radioactive Waste Management [6] and the supplementary Guidance
on the Management of Disused Radioactive Sources issued as part of the Code
of Conduct on the Safety and Security of Radioactive Sources [7] should be
considered in developing management systems for the predisposal management
and disposal of radioactive waste.

OBJECTIVE

1.7. The objective of this Safety Guide is to provide recommendations on
developing and implementing management systems for safety during all steps
of radioactive waste management — including processing (i.e. pretreatment,
treatment and conditioning), storage and disposal, but excluding transport — and
during related processes and activities as mentioned in para. 1.13. This Safety
Guide also provides recommendations on effective leadership and culture for
safety. The intention is that these recommendations will contribute to a high level
of confidence that the following objectives will be achieved:

(a) Radioactive waste management activities will be conducted in compliance
with the requirements.

(b) Radioactive waste packages will be of appropriate and consistent quality.

(¢) The characteristics of radioactive waste packages will be sufficiently known.

3 INTERNATIONAL ATOMIC ENERGY AGENCY, The Management System for
the Processing, Handling and Storage of Radioactive Waste, IAEA Safety Standards Series
No. GS-G-3.3, IAEA, Vienna (2008).

* INTERNATIONAL ATOMIC ENERGY AGENCY, The Management System
for the Disposal of Radioactive Waste, IAEA Safety Standards Series No. GS-G-3.4, IAEA,
Vienna (2008).



(d) Appropriate records will be kept that enable radioactive waste identification
and decisions on whether radioactive waste packages and unpackaged waste’
conform to the waste acceptance criteria for radioactive waste management
facilities.

1.8. This Safety Guide is intended to be used by the regulatory body and
organizations with responsibilities for directing, planning or undertaking the
management of radioactive waste; it is also intended to be used by the suppliers® to
such organizations of safety related services and products that support radioactive
waste management. It will also be useful to members of the public and other
interested parties.

SCOPE

1.9. This Safety Guide covers management systems for the following radioactive
waste management activities:

(a) The minimization of radioactive waste generation;

(b) Processing, comprising pretreatment (e.g. collection, segregation, chemical
adjustment, decontamination), treatment (e.g. volume reduction, removal
of radionuclides from the waste, change of composition) and conditioning
(e.g. immobilization, packaging, overpacking);

(c) Storage;

(d) Disposal (e.g. near surface disposal, geological disposal, borehole disposal).

1.10. This Safety Guide does not address the management system for the
transport of radioactive waste, for which requirements are established in IAEA
Safety Standards Series No. SSR-6 (Rev. 1), Regulations for the Safe Transport
of Radioactive Material, 2018 Edition [8], and specific recommendations are
provided in TAEA Safety Standards Series No. TS-G-1.4, The Management
System for the Safe Transport of Radioactive Material [9].

5 In this Safety Guide, the term ‘waste’ refers to radioactive waste unless otherwise

stated.

 The supply chain, described as ‘suppliers’, typically includes designers, vendors,
manufacturers and constructors, employers, contractors, subcontractors, and consigners and
carriers who supply safety related items. The supply chain can also include other parts of the

organization and parent organizations [5].



1.11. This Safety Guide covers management systems for the activities
involved in managing all types of radioactive waste as described in IAEA
Safety Standards Series No. GSG-1, Classification of Radioactive Waste [10],
including the following:

(a) Activities that generate waste containing naturally occurring radionuclides;

(b) Activities in hospitals, laboratories and research and development facilities,
and in industry;

(c) Decontamination of facilities or parts thereof;

(d) Decommissioning of facilities or parts thereof;

(e) Remediation (e.g. of areas affected by past activities);

(f)  Activities to manage waste generated from incidents, including accidents,
and from emergencies;

(g) Activities to manage legacy waste.

1.12. This Safety Guide provides guidance on the management system
for the management of radioactive waste arising from remediation and
from decommissioning, but not on any other aspect of decommissioning.
Recommendations on the management system for decommissioning activities
other than for the management of radioactive waste arising from decommissioning
are provided in TAEA Safety Standards Series Nos. SSG-47, Decommissioning
of Nuclear Power Plants, Research Reactors and Other Nuclear Fuel Cycle
Facilities [11], and SSG-49, Decommissioning of Medical, Industrial and
Research Facilities [12].

1.13. This Safety Guide also covers management systems for the following
related processes and activities:

(a) Radioactive waste minimization;

(b) Radioactive waste characterization (e.g. to determine the radiological and
physicochemical properties of waste);

(c) Clearance;

(d) Designand manufacture of radioactive waste containers and waste packages;

(e) Siting, design and construction of radioactive waste management facilities;

(f) Safety case development and safety assessment of radioactive waste
management facilities;

(g) Authorization (e.g. licensing);

(h) Commissioning of radioactive waste management facilities;

(i)  Operation of facilities for the predisposal management of radioactive waste;

(j)  Operation of radioactive waste disposal facilities (e.g. activities, which can
extend over several decades, involving receipt of radioactive waste, waste



emplacement in the disposal facility, backfilling and sealing, and any other
operations in the period prior to closure);

(k) Closure of radioactive waste disposal facilities;

(I) Institutional control of radioactive waste disposal facilities, covering both
active control (e.g. nuclear security, surveillance, monitoring) and passive
control (e.g. preservation of records, restricted land use).

STRUCTURE

1.14. This Safety Guide addresses all the relevant requirements of GSR Part 2 [5],
GSR Part 5 [3] and SSR-5 [4]. Section 2 identifies characteristics of radioactive
waste management that influence leadership, management and culture for
safety. Section 3 provides recommendations on responsibility for safety.
Section 4 provides recommendations on leadership for safety. Section 5 provides
recommendations on management for safety. Section 6 provides recommendations
on culture for safety. Section 7 provides recommendations on the measurement,
assessment and improvement of the management system. The Appendix identifies
elements of the management system for radioactive waste management or
its regulation.

2. CHARACTERISTICS OF RADIOACTIVE WASTE
MANAGEMENT

2.1. Radioactive waste management has specific characteristics that affect
leadership, management and culture for safety within organizations that have
responsibilities for directing, planning, undertaking or regulating the management
of radioactive waste, as well as within suppliers of safety related services and
products within the supply chain. The following paragraphs identify such specific
characteristics as a basis for the more detailed sections that follow.

2.2. Radioactive waste management is directed and undertaken by dedicated
personnel in a range of organizations whose leadership needs to be able to foster
the development of a strong culture for safety and establish and apply an effective
management system. GSR Part 2 [5] emphasizes that leadership for safety,
management for safety, a management system and a systemic approach (i.e. an
approach relating to the system as a whole, in which the interactions between
technical, human and organizational factors are duly considered) are essential



to the establishment and implementation of adequate safety measures and the
fostering of a strong culture for safety.

2.3. As stated in para. 1.5(b) of GSR Part 2 [5], management for safety includes
the following:

“establishing and applying an effective management system. This
management system has to integrate all elements of management so
that requirements for safety are established and applied coherently with
other requirements, including those for human performance, quality and
security; and so that safety is not compromised by the need to meet other
requirements or demands.”

2.4. Radioactive waste management involves a wide range of activities, from
simple, small scale, low hazard, repetitive tasks to complex, large scale, highly
hazardous tasks at the limits of engineering capabilities. Because of the wide range
of activities, it is important that the management system be developed and applied
to a specific facility or activity using a graded approach (see Requirement 7 of
GSR Part 2 [5]).

2.5. The following aspects warrant particular consideration in developing a
management system for radioactive waste management:

(a) The provision of adequate human, financial and other resources for the safe
management of radioactive waste. In accordance with the ‘polluter pays’
principle, an organization that generates radioactive waste is responsible
for ensuring that funds are available for the waste to be managed properly.

(b) Ownership of and responsibility for radioactive waste. The responsibility
for radioactive waste can change during its management. There should be
clarity at all times regarding both ownership of the waste and responsibility
for safety. In some jurisdictions, ownership of and responsibility for
radioactive waste is transferred when the waste moves from one organization
to another; in others, ownership of and responsibility for radioactive waste
always remains with the original generator of the waste. While the owner
should retain overall responsibility for the waste, the licensee of the facility
where the waste resides is responsible for its safety.

(¢) The possibility that national authorities or State organizations might need to
take responsibility for radioactive waste because this responsibility cannot
be discharged by the generator of the waste.

(d) The timescales involved in radioactive waste management can span many
human generations (see para. 3.7 of SF-1 [2]); this raises issues for the



provision of resources, particularly the provision of financial and human
resources, not only for technical and safety related aspects but also for
knowledge management and for culture for safety.

(e) The need to ensure that radioactive waste generation is minimized (see
para. 3.29 of SF-1 [2]) and that waste packages and unpackaged waste
conform to the waste acceptance criteria of the receiving organization (see
Requirement 12 of GSR Part 5 [3]).

(f) The views of interested parties on decisions on the management of
radioactive waste.

(g) The selection of permanent options (i.e. discharge, clearance or disposal)
for the release of radioactive waste from regulatory control.

(h) The need to ensure that, wherever possible, radioactive waste is in a
passively safe condition.

(i) International best’ practices and lessons from industry experience.

2.6. Radioactive waste is typically managed by a series of organizations (which
might be privately or publicly owned) that carry out the sequence of required
predisposal management and disposal steps. For example, radioactive waste
generated by one organization may be transferred to another for processing
(i.e. pretreatment, treatment and conditioning), to another for storage and to
yet another for disposal (see Fig. 1). Figure 1 illustrates the systemic control of
radioactive waste management by operating organizations at different facilities
working under a series of management systems and under the governmental, legal
and regulatory framework. Waste package specifications® and waste acceptance
criteria facilitate the safe transfer of waste across the boundaries between
management systems.

2.7. Processing, storage and disposal of radioactive waste may extend over a
very long time (e.g. processing facilities and storage facilities for radioactive
waste often operate for years or a few decades, and disposal facility operation
may potentially last more than a hundred years). A radioactive waste management
facility may therefore need to be managed over a long time period, potentially
involving a series of different organizations with different leadership, cultures

7 ‘Best’ as used here means the most effective in achieving a high general level of

protection of people and the environment as a whole; further guidance on the meaning of best
is included in IAEA Safety Standards Series No. GSG-9, Regulatory Control of Radioactive
Discharges to the Environment [13].

8 Waste package specifications comprise defined characteristics and properties of
waste packages to provide for their acceptance at subsequent radioactive waste management
facilities.
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FIG. 1 Illustration of the systemic control of radioactive waste management by operating
organizations at different facilities working under a series of management systems. WPS: waste
package specifications;, WAC: waste acceptance criteria.

and management systems, operating under successive authorities and national
and international structures. The long duration of radioactive waste management
has further implications, including the need to provide resources and to manage
interdependencies between organizations and facilities over long time periods.

2.8. The long term nature of radioactive waste management, and particularly
of radioactive waste disposal, also means that particular attention should be paid
to the following:

(a) Maintaining the confidence of interested parties, including the public, that
management supervision will be continuous over the period necessary;

(b) Establishing confidence that the long term performance of a radioactive
waste disposal facility will meet regulatory requirements;

(c) Estimating costs and establishing the funding arrangements that will be
necessary to continue to monitor and control the radioactive waste using the
management system until active institutional control ceases;

(d) Ensuring continuity of understanding, knowledge, resources and safety
culture over long time periods.

2.9. To gain the acceptance of the public and other interested parties for waste
management operations, decision makers and leaders of the relevant organizations
should place emphasis on the societal and ethical responsibilities to achieve safety
now and in the future [14].



2.10. Without effective leadership, radioactive waste management programmes’
have limited possibilities to succeed. Political leadership should -create
circumstances in which operating organizations can succeed safely. Examples in
some States show that if political decisions are made at the right time, significant
progress can be made in radioactive waste management. There should be good
communication between and among decision makers and leaders of the relevant
organizations involved in radioactive waste management, and a coordinated
approach should be taken, particularly towards radioactive waste disposal (see
e.g. Ref. [15]). Implementing disposal involves balancing several technical
and sociopolitical requirements. Thus, it is important that all key actors — the
government (at all levels), operating organizations and the regulatory body, plus
supporting technical experts — be aware of the issues involved and facilitate the
achievement of policy aims.

2.11. Leadership for safety in radioactive waste management, particularly in
programmes for the disposal of radioactive waste, depends on senior management'®
possessing the following:

(a) Awareness and judgement;

(b) A clear view of long term policies and strategies for radioactive waste
management, and the ability to communicate these effectively;

(c) The ability to distinguish strategically important issues;

(d) Anunderstanding of which aspects are important to the safety of radioactive
waste management;

(¢) Anunderstanding of the hazards and risks associated with the facilities and
activities in their charge, and how these compare to other hazards and risks,
so that they can oversee the development and application of the management
system for radioactive waste management according to a graded approach;

(f)  An understanding of which aspects of radioactive waste management are
important to the public and other interested parties;

(g) The ability to explain and communicate the importance of safety and culture
for safety in radioactive waste management.

° Inaradioactive waste management programme, a group of related waste management

projects is managed in a coordinated way and with a particular long term aim in order to obtain
benefits and control not available from managing the projects individually.

10" Senior management is defined as “The person or persons who direct, control and
assess an organization at the highest level” [1].



3. RESPONSIBILITY FOR SAFETY

3.1. Requirement 1 of GSR Part 2 [5] states:

“The registrant or licensee — starting with the senior
management — shall ensure that the fundamental safety objective
of protecting people and the environment from harmful effects
of ionizing radiation is achieved.”

3.2. Theprime responsibility for properly executing a particular radioactive waste
management task (e.g. processing, storage or disposal, or a related activity such as
the characterization of radioactive waste, clearance, or the design, construction,
commissioning, operation and decommissioning or closure, as applicable, of a
facility for predisposal management of radioactive waste or a radioactive waste
disposal facility) rests with the operating organization'! of the facility at which the
waste management task is undertaken. The responsibilities of the regulatory body
are defined in Requirement 3 of GSR Part 5 [3] and Requirement 2 of SSR-5 [4].

3.3. Paragraph 4.2 of GSR Part 2 [5] states that “Senior management shall be
responsible for establishing safety policy.” Senior management should define
and implement an organization’s safety policy based on the national policy and
strategy for safety. The senior management of an organization responsible for
a radioactive waste management facility or activity should be accountable for
managing and demonstrating the safety of the facility or activity, consistent
with the national policy and strategy for radioactive waste management and in
compliance with regulatory requirements.

3.4. The senior management of an operating organization is responsible
for developing goals, strategies, plans and objectives (see Requirement 4 of
GSR Part 2 [5]), and for coordinating activities to achieve the fundamental

' The operating organization is defined as “Any organization or person applying for
authorization or authorized to operate an authorized facility or to conduct an authorized activity
and responsible for its safety....This includes, inter alia, private individuals, governmental
bodies, consignors or carriers, licensees, hospitals and self-employed persons” [1]. Operating
organization is synonymous with ‘operator’. The licensee is defined as “The holder of a current
licence. The licensee is the person or organization having overall responsibility for a facility or
activity” [1]. The operating organization might not be the holder of the licence (e.g. the operator
could be a supply chain organization). In practice, for an authorized facility, the operating
organization is normally also the registrant or licensee. However, the separate terms are retained
to refer to the two different capacities [1].
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safety objective without unduly limiting the operation of facilities or the conduct
of activities that give rise to radiation risks. Safety should be considered in all
business decisions, activities and associated management system documentation,
and protection must be optimized to provide the highest level of safety that
can reasonably be achieved (see Principle 5 of SF-1 [2]). Paragraph 4.5 of
GSR Part 2 [5] states that “Senior management shall ensure that goals, strategies
and plans are periodically reviewed against the safety objectives, and that actions
are taken where necessary to address any deviations”.

3.5. Senior management should ensure that each step of radioactive waste
management has consistent goals and objectives in order not to compromise the
safety of the subsequent steps in the waste management process.

3.6. Senior management should prepare plans to ensure that essential functions
can operate safely for a sustained period with significant employee absence
(e.g. due to an influenza outbreak). The regulatory body should regularly
review those plans.

3.7. Demonstrating safety involves the development of a safety case.
Recommendations on the development of the safety case are provided in IAEA
Safety Standards Series Nos GSG-3, The Safety Case and Safety Assessment for
the Predisposal Management of Radioactive Waste [16], and SSG-23, The Safety
Case and Safety Assessment for the Disposal of Radioactive Waste [17].

3.8. The senior management of an organization that manages radioactive waste
is required to provide adequate resources to ensure that the organization manages
the radioactive waste safely (see Requirement 9 of GSR Part 2 [5]). The senior
management of such an organization should include in the management system
provisions to deal with funding challenges, such as cost increases over time,
cost uncertainties and risks, the availability of public and private funds, and
unplanned events.

3.9. The clear allocation of accountabilities and responsibilities is essential
to ensure safety throughout the management of radioactive waste. Senior
management should ensure that it is clear within the management system when,
how and by whom decisions are to be made and that appropriate records of
decisions are documented (see para. 5.64).
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3.10. Paragraph 3.3 of GSR Part 5 [3] states:

“It is possible that the predisposal management of radioactive waste will
involve the transfer of radioactive waste from one operator to another, or
that radioactive waste may even be processed in another State. In such
situations, continuity of responsibility for safety is necessary throughout.”

3.11. Appropriate management arrangements should be put in place for the
transfer of waste to ensure that it is clear where responsibility lies and the exact
point at which the transfer of responsibility takes place. These management
arrangements should also include provision for the transfer of appropriate records
and knowledge. The responsible body at any given time is required to have an
adequate management system that meets Requirements 6—8 of GSR Part 2 [5] to
ensure that safety is not compromised.

3.12. If an authorization for a radioactive waste management facility or activity
is terminated at any time, the government should ensure that it is clear which
parties are responsible for the safety of both the facility and the waste. As stated
in footnote 5 of SF-1 [2], “Not having an authorization would not exonerate the
person or organization responsible for the facility or activity from the responsibility
for safety.” If management and control of a site is necessary following termination
of an authorization, the government should ensure that the necessary management
and control is provided. For example, management arrangements may be necessary
for monitoring purposes and for ensuring safety and security.

3.13. In some instances — for example, following closure of a disposal facility
or the end of active institutional control of such a facility — responsibility might
be transferred to the government. In such instances, the government should take
over responsibility for record keeping, knowledge management and other passive
institutional control measures, such as restricted land use.

3.14. There may be occasions on which there is radioactive waste for which no
owner can be identified (e.g. if an orphan source is discovered and it is declared
radioactive waste). In such cases, the government has to provide for the control
of such waste (see para. 3.9 of SF-1 [2]). The government should arrange for
the necessary resources and should assign clear responsibilities to appropriate
organizations (e.g. the regulatory body) for the safe management of such waste.
Organizations assigned responsibility for radioactive waste management should
provide strong and effective leadership.
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3.15. The senior management of a licensee that generates radioactive waste
should liaise with the regulatory body and the operating organizations of relevant
radioactive waste management facilities (including suitably qualified and
experienced contractors, where relevant) with the aim of defining and optimizing
arrangements for transfers of radioactive waste. Recommendations on the
management of the supply chain to ensure that the waste can be safely managed
through all steps of radioactive waste management are provided in Section 5.

3.16. The regulatory body is required to have legal authority to require the
operating organization to provide the regulatory body with all necessary safety
related information (see para. 2.13 of IAEA Safety Standards Series No. GSR
Part 1 (Rev. 1), Governmental, Legal and Regulatory Framework for Safety [18]).
The operating organization should initiate interactions with the regulatory body
concerning the supply of necessary safety related information as soon as possible
and before the processing of waste.

3.17. Senior management should direct and oversee the development,
implementation, review and revision of emergency plans in accordance with
para. 3.13 of GSR Part 5 [3]. Training, drills and exercises are also required to
be provided for personnel relevant for emergency response, in accordance with
Requirement 25 of IAEA Safety Standards Series No. GSR Part 7, Preparedness
and Response for a Nuclear or Radiological Emergency [19].

3.18. Requirement 4 of GSR Part 7 [19] states that “The government shall
ensure that a hazard assessment is performed to provide a basis for a
graded approach in preparedness and response for a nuclear or radiological
emergency.” The hazard assessment should take into account the characteristics
of the waste, of the waste management facility, and of the site and its vicinity
at each stage in the lifetime of the facility. Recommendations relevant to the
management of large volumes of radioactive waste generated during a nuclear
or radiological emergency are provided in IAEA Safety Standards Series
No. GSG-11, Arrangements for the Termination of a Nuclear or Radiological
Emergency [20], and further information is provided in Ref. [21].

4. LEADERSHIP FOR SAFETY

4.1. Requirement 2 of GSR Part 2 [5] states that “Managers shall demonstrate
leadership for safety and commitment to safety.”
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4.2. Senior management should recognize that the attitude of individuals and
the culture for safety within an organization are influenced through leadership.
To improve the culture for safety and help individuals to develop professionally,
managers at all levels are required to demonstrate their commitment to safety as an
overriding priority in resource allocation, in business planning, in documentation
and in all waste management activities (see paras 3.1 and 3.2 of GSR Part 2 [5]).

4.3. Senior management should demonstrate a proactive and long term approach
to safety issues in decision making in radioactive waste management.

4.4. Senior management should ensure that processes and procedures are
incorporated in the management system to identify and manage human,
technological and organizational factors affecting safety. This is particularly
important for radioactive waste management programmes that involve numerous
organizations in implementing technological solutions and carrying out radioactive
waste management activities.

4.5. Senior management should promote and exercise open and effective
communication on safety at all levels in the organization. Senior management
should frequently and consistently share information concerning radioactive
waste management with relevant personnel. Information with a bearing on safety,
and on societal and economic elements, should be communicated, as appropriate,
to personnel and other relevant interested parties, including the regulatory body.
This is particularly important for radioactive waste management programmes
in which various other parties and operating organizations are involved in the
radioactive waste management process. Senior management should regularly seek
feedback on how effective the leadership is in ensuring safety and improving the
management system, and should ensure that necessary corrective actions are taken.

4.6. Where radioactive waste management is likely to occur over long periods,
senior management should take particular care to ensure effective knowledge
transfer (e.g. recording and archiving of information) and succession planning for
continuing good leadership.

4.7. Senior management is required to establish expectations for behaviour with
regard to safety (see para. 3.1(c) of GSR Part 2 [5]). Senior management should
communicate to all personnel the expectations for the performance of safety related
tasks by individuals and by teams. Managers should be familiar with the special
characteristics of radioactive waste management, such as the need to manage
interdependencies, and should communicate these characteristics to personnel.
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4.8. Managers should, through their own actions, promote safe ways of working,
be visibly involved in safety related activities and reinforce good practices.
Contributing to the development and use of international safety standards is an
example of a safety related activity that should promote safe ways of working.
Managers are required to promote the values of the organization and encourage
open, transparent and questioning behaviours (see para. 3.2 of GSR Part 2 [5]).
Managers should also be able to recognize deteriorations in safety performance
or safety related attitudes and should take immediate actions to respond to
the situation.

4.9. Managers should promote ways for all personnel involved in radioactive
waste management to participate in the development, implementation and
continuous improvement of the management system (see Section 7), with the
aims of optimizing protection and safety, and achieving the organization’s safety
goals. Where relevant, and taking account of the need to apply a graded approach,
it should be possible for other parties affected by the waste management facility
or activities (e.g. the public, waste generators, organizations involved in other
parts of the waste management process, sub-contractors) to contribute to
improvements to the management system. Participation in activities such as peer
reviews and international research and development programmes on radioactive
waste management can help personnel involved in radioactive waste management
to gain a better understanding of the adequacy of the management system.
Managers should motivate staff to share their perceptions on the adequacy of the
management system, so that the organization can enhance safety performance.

4.10. Managers at all levels in the organization should actively promote the
adoption of effective measures to respond to events (including near misses) and
to learn lessons from operating experiences and from identifying good practices
(see para. 6.7 of GSR Part 2 [5]).

4.11. Managers should also have administrative, communication and interpersonal
skills. Managers should develop their skills and support their colleagues and staff,
bothinternally and in other organizations involved in radioactive waste management,
to systematically develop their skills, solve problems and resolve conflicts.

4.12. Paragraph 3.3 of GSR Part 2 [5] states:

“Managers at all levels in the organization:

(a)  Shall encourage and support all individuals in achieving safety goals
and performing their tasks safely;
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(b) Shall engage all individuals in enhancing safety performance;
(c) Shall communicate clearly the basis for decisions relevant to safety.”

4.13. Managers should communicate routinely and often with individuals working
in the organization. Managers should check that individuals understand their safety
goals and how they are expected to perform their tasks safely. Managers should
observe individuals’ work, monitor safety performance and provide feedback on
the performance of safety related tasks. Good performance should be recognized
and, as appropriate, praised and rewarded. Managers should motivate individuals
and assist them in maintaining and increasing their self-esteem and pride in work
performed; this is particularly relevant for radioactive waste management tasks,
which need to be performed to produce consistent, high quality waste products,
sometimes over long timescales. Managers should engage with all the individuals
working in the organization to identify areas of weaker performance and devise
appropriate solutions for enhancing safety performance. The implementation of
improvements and enhancements should be facilitated and encouraged. Training
and coaching in radioactive waste management tasks should be provided as
appropriate. Managers are required to make clear the basis for safety related
decisions; this involves providing rational explanations for decisions, including
information on their understanding of what is important to the safety of the
radioactive waste management facilities and activities, and on other relevant
factors, supported by appropriate data and evidence.

5. MANAGEMENT FOR SAFETY

RESPONSIBILITY FOR THE INTEGRATION OF SAFETY INTO THE
MANAGEMENT SYSTEM

Responsibility of senior management for the management system

5.1. Requirement 3 of GSR Part 2 [5] states that “Senior management shall
be responsible for establishing, applying, sustaining and continuously
improving a management system to ensure safety.” Senior management remains
responsible for the management system even when an external organization is
involved in its development or improvement.
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5.2. The development of a management system for an organization should take
into account, as appropriate, the following:

(a) International standards such as ISO 9001:2015 for quality management
systems [22], ISO 14001:2015 for environmental management systems [23]
and ISO 45001:2018 for occupational health and safety management
systems [24];

(b) The national legal framework, and regulatory requirements and guidance;

(c) Best practices in the nuclear and radioactive waste management industries;

(d) The organization’s responsibilities, short term and long term objectives, and
strategic plans.

5.3. TIrrespective of the codes, standards and requirements used in developing the
management system, the design of the management system should incorporate
processes and procedures both to comply with these codes, standards and
requirements and to demonstrate compliance.

5.4. Senior management should ensure that all radioactive waste management
activities are undertaken in compliance with the management system. Senior
management should ensure that the management system continues to be properly
implemented, assessed and improved, especially during periods of change, and
that relevant personnel are informed of any changes and the reason for their
introduction and are trained in the new processes and procedures.

5.5. Senior management should put in place arrangements to ensure that managers
at all levels demonstrate commitment to the establishment, implementation,
assessment and continuous improvement of the management system. Senior
management should ensure that, where appropriate, the management system is
capable of dealing with long term aspects, such as changes in responsibilities, as
well as any interdependencies among waste generators, predisposal management
facilities and activities, and waste disposal facilities and activities.

5.6. Senior management should recognize that radioactive waste management
may be affected by many factors. In particular, senior management should
recognize that radioactive waste disposal involves facilities built in the natural
environment, which will need to perform safely over a long period. National,
regional and international policies and principles for radioactive waste
management, including radioactive waste disposal and industry standards for
management systems, will evolve over the extended period of time for which
radioactive waste management activities may continue. In addition, policy
decisions (e.g. regarding the reprocessing of spent fuel) and technological
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innovations and advances may lead to changes in the overall radioactive waste
management strategy. Irrespective of all these factors, senior management
retains responsibility for the safety of facilities and activities at all times.
Senior management should, therefore, demonstrate continuous commitment to
developing, implementing and improving the management system as a prerequisite
to ensuring and maintaining safety.

5.7. Senior management should appoint individuals from within the organization
to have specific responsibilities and authorities for the management system in the
following areas':

(a) Coordinating the development and implementation of the management
system and its assessment and continuous improvement;

(b) Measuring and reporting on the performance of the management system,
including its influence on safety and safety culture, and any need for
improvement;

(c) Resolving any potential conflicts between requirements on radioactive
waste management and requirements on other fields of activity, such as
mining safety and environmental protection (e.g. groundwater protection),
and between different elements and processes of the management system.

5.8. Individuals should not be given overlapping or conflicting responsibilities
and authorities.

5.9. Senior management is required to retain accountability for the management
system even where other individuals are assigned responsibility for coordinating
the development, application and maintenance of the management system (see
para. 4.1 of GSR Part 2 [5]). Senior management should appoint an individual
manager to have overall responsibility for the organization’s management system
that applies to the radioactive waste management programme.'? Furthermore,
senior management should ensure, when defining that person’s duties, that all
the waste management activities are covered in a comprehensive and coherent
manner, and that these activities are covered continuously over an appropriate
period of time. This is especially important for radioactive waste storage facilities
and for radioactive waste disposal facilities where there could be responsibilities
that extend for long periods of time.

12 Senior management may perform some or all of these roles themselves (e.g. in small
organizations).
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5.10. For each process within the management system (see paras 5.87-5.117),
senior management should ensure that a designated individual'? is given the
authority and responsibility for the following:

(a) Developing and documenting the process and maintaining the necessary
supporting documentation;

(b) Ensuring that there is effective interaction between process interfaces;

(c) Ensuring that process documentation is consistent and appropriate for the
waste management facilities and activities;

(d) Ensuring that the records necessary for demonstrating that the process
results have been achieved are specified in the process documentation;

(¢) Monitoring and reporting on the performance of the process;

(f) Promoting improvement in the process;

(g) Ensuring that the process and any changes subsequently adopted are aligned
with the goals, strategies, plans and objectives of the organization and are
consistent with the organization’s safety policy.

5.11. The roles and responsibilities for safety in radioactive waste management
may continue for a long time and may change during this time. Responsibilities
for radioactive waste may transfer between organizations and may even transfer
between States (e.g. in accordance with agreements on the repatriation of waste).
Management systems should be designed to ensure continuity in managing
facilities and activities, and should contain provisions for managing changes, for
example, in the following:

(a) The ownership of radioactive waste and radioactive waste management
facilities;

(b) Management arrangements;

(¢) The regulatory body;

(d) National and international legislation and standards;

(e) Land use policies in relation to the institutional control of facilities.

5.12. When the management arrangements for radioactive waste management
facilities are changed (e.g. if public organizations are privatized, if new
organizations are created, if existing organizations are combined or restructured, if
responsibilities are transferred between organizations, if an operating organization
undergoes internal reorganization of its management structure or reallocation of
resources), the possible need to adapt the management system should be assessed
by senior management, while ensuring that the management system continues to
be properly implemented, assessed and improved.
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Goals, strategies, plans and objectives

5.13. Requirement 4 of GSR Part 2 [5] states that “Senior management shall
establish goals, strategies, plans and objectives for the organization that are
consistent with the organization’s safety policy.”

5.14. The goals, strategies, plans and objectives that are established by senior
management should be derived and documented in accordance with the
management system and should recognize that both short term and long term
safety aspects are involved in radioactive waste management. The goals, strategies,
plans and objectives should give paramount importance to safety and should seek
to adhere to the waste hierarchy (see para. 3.29 of SF-1 [2] and Ref. [25]).

5.15. The goals, strategies, plans and objectives should include appropriate means
of considering the concerns and expectations of interested parties in decision
making (see paras 5.21-5.31), and should be communicated effectively and
consulted upon, as appropriate.

5.16. Radioactive waste management strategies should be developed taking full
advantage of opportunities and synergies arising from national, regional and
international cooperation and experience, where appropriate. Radioactive waste
management strategies should include milestones and clear time frames for the
achievement of these milestones.

5.17. Senior management is also responsible for establishing the safety policy
of the organization (see para. 4.2 of GSR Part 2 [5]) and should ensure that this
policy is documented in the management system. Senior management should also
ensure that the management system is updated if goals, strategies, plans, policies
or objectives are changed. Hence, the management system documentation will
consist of a dynamic collection of living documents.

5.18. The safety policy should include the following:

(a) A statement that safety will be given overriding priority, in ensuring that
other relevant requirements and provisions (e.g. for nuclear security) are
also met.

(b) A statement that the safety policy will comply with applicable national,
regional and international policies, strategies and regulations on radioactive
waste management.

(c) A statement that the safety policy will take into account the views, attitudes,
concerns and expectations of the public and other interested parties, in
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(d)
(e)
®
(8
(h)
(i)
G
(k)

relation to safety (and, where applicable, in relation to restrictions on the
use of land and natural resources).

A statement that the safety policy will be appropriate to the objectives and
the activities of the organization.

Statements on how societal and economic considerations are taken into
account with regard to safety.

A commitment to comply with the management system and to seek
continuous improvement.

A commitment to support the development of a strong culture for safety.
An appropriate framework for action and for establishing and reviewing
goals and objectives at all levels. Where possible, safety goals and objectives
should be measurable.

A commitment to periodic review to ensure continuing suitability and
applicability.

A mechanism for the safety policy to be effectively communicated,
understood and followed within the organization.

A commitment to minimizing the generation of radioactive waste, to safe
storage and to safely disposing in a timely manner of radioactive waste that
cannot otherwise be removed from regulatory control.

5.19. The management system for each organization carrying out work to
implement, support, regulate or evaluate a radioactive waste management
programme should include a process for the periodic review of the organization’s
safety policy. Such reviews should, as appropriate, take into account the following:

(@)

(b)
(©

(d)
(©)
®

(2

(h)
(1)

Changes in the legal and regulatory framework for radioactive waste
management;

Changes in regulatory requirements for radioactive waste management;
International developments (e.g. new standards, conventions, agreements
on information exchange);

Technological advances;

Learning from operating experience and from events;

Non-conformances and corrective measures and preventive measures, and
the results of safety assessments;

Results of national, regional and international reviews and assessments
of radioactive waste management programmes and developments in
radioactive waste management practices;

Results of internal and external audits, peer reviews and inspections of
waste management facilities and activities;

Results of environmental monitoring and other types of monitoring and
surveillance.
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5.20. All personnel within the organization should understand the safety policy
and should accept personal accountability for their own conduct in meeting its
objectives (see para. 5.2(b) of GSR Part 2 [5]).

Interaction with interested parties

5.21. Requirement 5 of GSR Part 2 [5] states that “Senior management shall
ensure that appropriate interaction with interested parties takes place.”

5.22. GSR Part 2 [5] also states:

“4.6. Senior management shall identify interested parties for their
organization and shall define an appropriate strategy for interaction
with them.

“4.7. Senior management shall ensure that the processes and plans resulting
from the strategy for interaction with interested parties include:

(a) Appropriate means of communicating routinely and effectively
with and informing interested parties with regard to radiation risks
associated with the operation of facilities and the conduct of activities;

(b) Appropriate means of timely and effective communication with
interested parties in circumstances that have changed or that were
unanticipated;

(c) Appropriate means of dissemination to interested parties of necessary
information relevant to safety;

(d) Appropriate means of considering in decision making processes the
concerns and expectations of interested parties in relation to safety.”

5.23. Senior management should ensure that the management system includes an
appropriate process for the identification of interested parties. Different interested
parties are likely to have different needs and viewpoints. Therefore, it is important
to identify the interested parties and to determine their particular interests, needs,
expectations and concerns. This is essential for selecting effective approaches
to communication, information dissemination, consultation and decision making.

5.24. The process for the identification of interested parties should take account
of specific national, regional and local attributes. Experience has shown that it is
not always straightforward to define, for example, potential host communities,
or local or potentially affected communities, or relevant regional bodies or
organizations (see e.g. Ref. [26]). The characteristics of the radioactive waste
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management facilities and activities, and their associated hazards and risks,
should also be considered when identifying interested parties and adopting and
implementing methods for interaction. The process for the identification of
interested parties should be flexible and able to cope with changing circumstances
and the possible emergence of different interested parties over time. This will
be particularly relevant for radioactive waste management facilities that operate
over long periods.

5.25. Gaining societal acceptance for radioactive waste disposal facilities can
be particularly difficult. Some programmes for the siting and development of
radioactive waste disposal facilities have therefore adopted approaches involving
partnerships with local communities. Partnership approaches involve collaborative
working relationships between communities and the operating organization. The
key feature of the partnership approach is the empowerment of local communities
in decisions that affect their future. Such partnership approaches may include
seeking volunteer communities. A volunteer community is one that has expressed
interest in participating in a process to determine the suitability of a site for a
radioactive waste management facility. Such an expression of interest may be
conveyed by appropriate representatives of the community (e.g. from a local
governing body) and may be made in response to an invitation by the operating
organization or by the government, or may be an unsolicited offer. A volunteer
community should have either a formal or informal right to withdraw from the
process and may receive an appropriate community benefits package. The process
to determine the approach to be followed is often defined by the government.
The senior management of the operating organization should be involved in the
process to define the approach to be followed. The management system for a
radioactive waste disposal programme should include specific processes for
participating in the approach to identifying and interacting with interested parties.

5.26. IAEA Safety Standards Series No. GSG-6, Communication and
Consultation with Interested Parties by the Regulatory Body [27], describes
the roles of typical interested parties, including employees, the public, news
and social media, local liaison groups (or committees), special interest groups,
governmental authorities and decision makers, professional bodies, international
organizations and national regulatory bodies. In addition to these, interested parties
may also include operating organizations, funding entities and trade unions, land
owners, and industry, more generally, and contractors, as well as organizations
involved in emergency preparedness and response. The management system
should include processes to ensure that personnel, particularly those interacting
with interested parties outside the organization, are appropriately informed of
decisions and activities of the organization, and of other relevant safety related
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information. Personnel should be aware that their communications might affect
how the organization is perceived, particularly if media channels that can reach
large audiences are used for such communications (e.g. statements to journalists,
comments on web sites or social media).

5.27. The expectations of interested parties should be taken into account when
developing the management system for radioactive waste management. Aspects
that might need to be considered when developing the management system
include the following:

(@)

(b)
(©
(d)

(e)
®

(2
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Legal aspects (e.g. the governmental, legal and regulatory framework and
regulatory requirements relating to topics such as non-radiation-related
safety, environmental protection, mining).

Restrictions on the transport of radioactive material and hazardous materials
across borders and boundaries between different areas.

Nuclear security provisions that may be necessary, as appropriate, for
nuclear material and other radioactive material.

Operational limitations, including those derived from agreements with
the responsible national, regional and local authorities or organizations,
or arising from operating logistics. For example, it may not be possible in
practice to operate to the capacity authorized; voluntary agreements may
have been reached with interested parties other than the regulatory body
that have the effect of limiting operations in a way that goes beyond, or
is different from, the limits and conditions contained in the authorization
(e.g. stacking radioactive waste so that local residents cannot see it, running
operations at only certain times of the day, organizing transport to avoid
certain routes); logistical reasons might exist for not proceeding with certain
waste management steps or not proceeding with them as fast as might be
desired (e.g. the next facility in the waste management chain may not be
ready to receive conditioned waste into its stores).

The needs, expectations and concerns of other organizations in the waste
management chain.

Public attitudes, concerns and expectations about safety in relation to
radioactive waste management (e.g. concerns about the consequences of
discharges, the adequacy and reliability of long term organizational and
financial arrangements, site selection and site characterization processes,
the degree of confidence in safety during operations and in the long term,
and the ability to respond to problems that might arise).

Public concerns and cultural expectations relating to restrictions on the use
of land (e.g. historically significant sites, sacred sites) and resources (e.g.
minerals, oil and gas, water).



(h) Other concerns of interested parties (e.g. cultural expectations about working
hours and the composition of the workforce, societal expectations regarding
the distribution of risks and benefits, political choices about activities and
sustainable development).

5.28. The operating organization should ensure that all necessary arrangements
are put in place for informing the public and other interested parties about potential
impacts (e.g. radiation risks) associated with radioactive waste management
facilities and activities. Information should be provided prior to starting activities
and thereafter during the conduct of the activities. The process for interacting with
interested parties should include methods and procedures aimed at resolving any
conflicts that arise.

5.29. Processes and procedures for communicating and interacting with interested
parties should be designed to be suitable for the long periods of time potentially
involved in radioactive waste management.

5.30. Communication with interested parties should include information on
aspects such as the following:

(a) The safety case for radioactive waste management facilities and activities,
the status of operations, and plans for the future;

(b) The occurrence of any incidents, including accidents, the measures taken to
respond to them and the actions taken to prevent a recurrence;

(¢) The safety, societal and economic impacts of the radioactive waste
management activities;

(d) Changes in management arrangements and the continuity of responsible
management;

(e) Maintenance of adequate financial resources to support the radioactive
waste management activities;

(f)  Opportunities for, and results from, the involvement of interested parties in
decision making;

(g) Responses to questions and concerns from interested parties.

5.31. Except for circumstances relating to security or commercial confidentiality,
open communication should be promoted and exercised within all levels in the
organization and with the public and other interested parties. The aim should be
to work closely with interested parties throughout the lifetime of a radioactive
waste management facility in order to build relationships, foster understanding of
issues and facilitate more inclusive decision making and the resolution of issues.
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Interdependencies in radioactive waste management

5.32. Requirement 6 of GSR Part 5 [3] states: “Interdependences among all steps
in the predisposal management of radioactive waste, as well as the impact of
the anticipated disposal option, shall be appropriately taken into account.”

5.33. The management system should include processes and procedures to
take into account interdependencies between the steps in the minimization of
radioactive waste generation and radioactive waste management (i.e. handling,
pretreatment, treatment, conditioning, transport, storage and disposal).

5.34. In order to address the interdependencies between the steps in radioactive
waste management, possible impacts on subsequent waste management steps
should be identified and assessed, and appropriate decisions should be made
concerning the choice of option for the current step. For example, the option
selected for processing a particular radioactive waste stream should produce
waste packages that are suitable for subsequent storage and disposal steps. The
assessments of possible impacts of interdependencies, and the decisions made
concerning the choice of option for the current waste management step and the
reasons for them, should be documented.

5.35. Making these assessments and decisions will require coordination and the
timely exchange of information between the organizations involved. For example,
purchase details for sealed radioactive sources (e.g. manufacturer, radionuclide
content, initial activity) should be preserved, together with a history of the usage
of each source and records of any instances of damage, and this information should
be made available to organizations in the waste management chain concerned
with the processing, storage and disposal of sealed radioactive sources that have
become disused and been declared as radioactive waste.

5.36. With the possible exception of situations during a nuclear or radiological
emergency in which large volumes of radioactive waste are generated (see
GSG-11 [20] and Ref. [21]), radioactive waste should not be handled, treated,
conditioned or stored in a manner that would make the waste more difficult to
manage at a later stage in the waste management process.

5.37. The development and use of waste package specifications and waste
acceptance criteria is one of the main methods used to take account of
interdependencies in the radioactive waste management process. An example
of such arrangements is described in Ref. [28]. Within a waste management
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programme, standardization (e.g. standard waste containers, standard storage
arrangements) can also be helpful in managing interdependencies.

5.38. The processes and procedures included in the management system for
addressing and managing interdependencies should enable the safety and
effectiveness of the radioactive waste management steps to be considered in an
integrated manner. Paragraph 3.22 of GSR Part 5 [3] states:

“This includes taking into account the identification of waste streams, the
characterization of waste, and the implications of transporting and disposing
of waste. There are two issues in particular to be addressed: compatibility
(i.e. taking actions that facilitate other steps and avoiding taking decisions
in one step that detrimentally affect the options available in another step)
and optimization (i.e. assessing the overall options for waste management
with all the interdependences taken into account). The use of well managed
information of good quality is key to both aspects.”

5.39. A key feature of the radioactive waste management process shown in
Fig. 1 is that information flows in both directions. The flow of information from
disposal towards storage, processing and the minimization of waste generation
should be used in the design and optimization of the steps earlier in the process
so that they result in waste forms, waste containers and waste packages that are
suited to the subsequent waste management steps. Some States have implemented
programmes and projects aimed at such optimization; examples are described in
Refs [29, 30]. As well as addressing interdependencies, these programmes should
aim to optimize the radioactive waste management process as a whole.

THE MANAGEMENT SYSTEM

Integration of the management system

5.40. Requirement 6 of GSR Part 2 [5] states that “The management system
shall integrate its elements, including safety, health, environmental, security,
quality, human-and-organizational-factor, societal and economic elements,

so that safety is not compromised.”

5.41. The management system is required to be aligned with the safety goals of
the organization (see para. 4.8 of GSR Part 2 [5]).
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5.42. Paragraph 4.9 of GSR Part 2 [5] states:

“The management system shall be applied to achieve goals safely, to
enhance safety...by:

(a) Bringing together in a coherent manner all the necessary elements for
safely managing the organization and its activities;

(b) Describing the arrangements made for management of the organization
and its activities;

(c) Describing the planned and systematic actions necessary to provide
confidence that all requirements are met;

(d) Ensuring that safety is taken into account in decision making and is
not compromised by any decisions taken.”

5.43. The management system is required to specify clearly the organizational
structures, processes, responsibilities, accountabilities, levels of authority and
interfaces within the organization and with external organizations (see para. 4.11 of
GSR Part 2 [5]). The organizational structures should be clear and the reasons for the
structures should be explained and justified (e.g. so that personnel working within
the organization can understand the reasons for the structures and are better able to
contribute to improving the management system). The management of processes and
activities is addressed in paras 5.87-5.117. The identification of responsibilities is
particularly important for radioactive waste management programmes in which the
waste generator transfers responsibility for safety to a series of waste management
operating organizations. The point at which responsibility changes should be clearly
defined and documented within the management system, ensuring that safety is not
compromised. The management systems established by each of these organizations
should include contingency measures to deal with unexpected occurrences, such as
accidents and cases where waste acceptance criteria are not met.

5.44. In integrating the elements of the management system, synergies should
be identified to simplify compliance with different requirements and facilitate
a consistent approach. This is particularly important for radioactive waste
management programmes of a long term nature, because of the potential for
responsibilities to change and the interdependencies between different waste
management stages. Consequently, management systems need to be flexible and
able to manage change as described in Section 7.

5.45. The management system should be developed so that it covers all activities

to be carried out during radioactive waste management. Requirement 2 of GSR
Part 1 (Rev. 1) [18] states that “The government shall establish and maintain an

28



appropriate governmental, legal and regulatory framework for safety within
which responsibilities are clearly allocated.” Importantly, at the national level, the
governmental, legal and regulatory framework should ensure that the management
systems of the various operating organizations interface well with one another. The
effectiveness of the interfaces between the various management systems should
be assessed and documented. The effectiveness of the governmental, legal and
regulatory framework should be evaluated, for example in terms of assessing the
competence of operating organizations, the interfaces between the management
systems and operations, and the achievement of the national radioactive waste
management strategy. This integration is necessary so that the interfaces between
governmental arrangements and the management systems and operations of
operating organizations, and between different management systems and operations,
are appropriate and properly managed.

5.46. The management system should cover all steps and periods in the radioactive
waste management process in an integrated manner, including the identification
of measures to be taken during the period of institutional control after the closure
of disposal facilities. The duration of the period of post-closure institutional
control is required to be justified in the relevant safety case (see paras 4.23 and
4.24 of SSR-5 [4]).

5.47. In developing the management system, senior management should ensure
that the overall strategy for the waste management programme is reflected in
detailed processes and intended outputs, and in the criteria for the characteristics
and properties of radioactive waste and waste packages requiring predisposal
management and disposal.

5.48. The management system should be designed so that it can be adapted,
as necessary, to accommodate future technological advances and changes in
waste acceptance criteria that could have implications for the radioactive waste
management steps leading to its final disposal.

5.49. The management system should include provisions to ensure that the
development of detailed processes for waste management is informed by safety
assessment, and that there is an iterative interaction between facility design and
safety assessment. This includes the following design—assessment cycle:

(a) Tentative specifications for waste and for waste packages, and criteria
for their acceptance, should be developed when the sequence of waste
management activities is first conceived. Once site specific and facility
specific information is available, detailed waste package specifications and
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(b)

(©
(d)

waste acceptance criteria should be developed based on safety assessment
results and other data, as appropriate.

The level of safety provided by various combinations of waste, waste
packages and alternative facility designs should be assessed.

The feasibility of implementing the possible designs should be evaluated.
The effect on safety of any potential design improvements to radioactive
waste management facilities should be assessed.

5.50. Themanagement system should include a process and procedures that provide
for the design—assessment cycle described in para. 5.49 to be repeated, usually
several times. This process should result in a set of waste characteristics, facility
design specifications, and safety assessments and safety cases, and these should
be used to guide the development of the entire set of waste management activities.

5.51. When integrating the elements of the management system, long term aspects
of the radioactive waste management programme should be considered, such as
the following:

(@)

(b)
(©

(d)
(©)

Providing adequate (e.g. human, infrastructure, financial) resources
(e.g. for site maintenance), taking account of the amounts and types of waste
to be managed and the storage and disposal options that have been adopted.
The adequacy of resources should be reviewed periodically, particularly for
facility development and operational periods that may extend over decades.
Preserving technology and knowledge, and transferring knowledge to
people joining the programme in the future.

Retaining or transferring ownership of waste and waste management
facilities.

Succession planning for managers and personnel.

Continuing arrangements for interacting with interested parties.

Application of the graded approach to the management system

5.52. Requirement 7 of GSR Part 2 [5] states that “The management system
shall be developed and applied using a graded approach.”

30



5.53. Paragraph 4.15 of GSR Part 2 [5] states:

“The criteria used to grade the development and application of the
management system shall be documented in the management system. The
following shall be taken into account:

(a) The safety significance and complexity of the organization, operation
of the facility or conduct of the activity;

(b) The hazards and the magnitude of the potential impacts (risks)
associated with the safety, health, environmental, security, quality and
economic elements of each facility or activity...;

(¢) The possible consequences for safety if a failure or an unanticipated
event occurs or if an activity is inadequately planned or improperly
carried out.”

5.54. The safety significance of the various facilities and activities within the
radioactive waste management programme should be determined and documented.
Resources should be allocated, and processes should be designed, to control these
facilities and activities effectively and efficiently, in accordance with their safety
significance. Controls will differ for different waste management facilities and
activities, and should be applied in accordance with a graded approach.

5.55. Applying a graded approach means that the stringency of the control
measures and conditions to be applied to a system are commensurate with the
likelihood and possible consequences of, and the level of risk associated with, a
loss of control [1]. The application of a graded approach is intended to guide the
degree of control applied to a radioactive waste management process, facility or
activity to ensure that the degree of control reflects the importance of the function
of the process, facility or activity and the associated risk and to ensure appropriate
use of resources. The application of a graded approach should not be used as
a justification for not applying all the necessary management system elements
and quality management controls, for not meeting regulatory requirements, or
for performing less than adequate technical assessments of items that are less
important to safety, or as a basis for inadequate practices. Following a graded
approach is not a valid reason for not determining the adequacy of any activity
affecting safety.

5.56. The method for applying the graded approach should be documented in
the management system. Effective management involves the proportionate
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application of controls to facilities and activities on the basis of various criteria,
including the following:

(a)

(b)

(©
(d)

(©)
®

(2
(h)

W)

(k)
M

(m)

The quantities of waste, the potential hazards associated with the waste, the
necessary degree of isolation and the timescale over which isolation needs
to function;

The potential dispersibility of the waste, the potential mobility of the waste
and the necessary degree of waste containment;

The time period before disposal;

Experience with, and the maturity of, the technology used in radioactive
waste management activities;

The reliability of equipment and its function in relation to safety;

The complexity and degree of standardization of the waste management
activities;

The novelty and maturity of waste management activities, particularly for
‘first of a kind’ activities;

The size of the operating organization, the number and complexity of
interfaces with other organizations in the radioactive waste management
process, and the organization’s culture for safety;

Public perception of radiation hazards and the risks associated with the
radioactive waste;

Government policy (e.g. on nuclear power generation and radioactive waste
management);

Possible future human activities and realistic exposure scenarios;

External events and processes that could affect facilities, particularly long
term events and processes such as ground settlement, erosion and climate
change for facilities that will be operated for long periods;

The likelihood of incidents, including accidents, and provisions for
mitigating their consequences if they were to occur.

5.57. The graded approach to applying the management system should be based on
the findings of appropriate assessment (e.g. safety assessment, hazard assessment).
When applying the management system for radioactive waste management
facilities, consideration should be given as appropriate to the following:

(a)
(b)
(©
(d)
(©)
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The level of detail of work instructions and supporting documentation;

The level of qualification and training of personnel;

The quantity, level of detail and retention times of records;

The level of detail and frequency of testing, surveillance and inspection;
The equipment to be included in the configuration management at the
facility;



)
(2
(h)
(i)
0)
(k)

M

(m)
(n)

Key performance indicators;

Equipment calibration;

The need to monitor the condition of equipment, waste and the facility;
The traceability of items, including radioactive waste;

The availability of storage, conditions of storage and control of associated
records;

The level of reporting and the authority to act on non-conformances and to
implement corrective actions;

The maturity of the safety assessments and safety cases and how well they
represent the current state of the facilities and activities, and the requirements
for periodic safety assessment;

The scope, frequency and detail of safety audits of radioactive waste
management facilities and activities;

The scope and detail of any environmental monitoring programme.

5.58. Further information on the use of a graded approach in the application
of the management system requirements for facilities and activities can be
found in Ref. [31].

Documentation of the management system

5.59. Requirement 8 of GSR Part 2 [5] states that “The management system
shall be documented. The documentation of the management system shall
be controlled, usable, readable, clearly identified and readily available at
the point of use.”

5.60. GSR Part 2 [5] also states:

“4.16. The documentation of the management system shall include as a
minimum: policy statements of the organization on values and behavioural
expectations; the fundamental safety objective; a description of the
organization and its structure; a description of the responsibilities and
accountabilities; the levels of authority, including all interactions of those
managing, performing and assessing work and including all processes;
a description of how the management system complies with regulatory
requirements that apply to the organization; and a description of the
interactions with external organizations and with interested parties.

“4.17. Documents shall be controlled. All individuals responsible for
preparing, reviewing, revising and approving documents shall be competent
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to perform the tasks and shall be given access to appropriate information on
which to base their input or decisions.

“4.18. Revisions to documents shall be controlled, reviewed and recorded.
Revised documents shall be subject to the same level of approval as the
initial documents.

“4.19. Records shall be specified in the management system and shall
be controlled. All records shall be readable, complete, identifiable and
easily retrievable.

“4.20. Retentiontimes ofrecords and associated test materials and specimens
shall be established to be consistent with the statutory requirements and with
the obligations for knowledge management of the organization. The media
used for records shall be such as to ensure that the records are readable for
the duration of the retention times specified for each record.”

Documenting the management system

5.61. The documentation of the management system should be developed to be
understandable, unambiguous and user friendly using a hierarchical approach
where appropriate. A controlled document is a document that is approved
and maintained. Controlled documents should be readable, complete, readily
identifiable and easily available at the point of use. Controlled documents should
be signed and dated and should bear a reference including the revision state. The
number of pages and annexes in a controlled document should be clearly shown.
Changes between revisions of controlled documents should be clearly marked.
Further guidance on the document control process can be found in IAEA Safety
Standards Series No. GS-G-3.1, Application of the Management System for
Facilities and Activities [32].

5.62. Policies (i.e. statements of goals and objectives), strategies, plans, safety
cases, safety assessments, management system processes and procedures,
instructions, specifications and drawings (or representations in other media),
training materials and any other documents that describe radioactive waste
management processes and activities, specify requirements or establish waste
package specifications should be controlled. It should be ensured that document
users are aware of, and use, appropriate and correct documents.

5.63. Radioactive waste management activities differ greatly in size and
complexity, may involve a number of organizations and may continue over
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extended periods of time'®, during which management practices and operating
processes can evolve significantly. Particular attention should be paid to ensuring
that the documents used to control work processes remain relevant, current and
understandable, and are available to the organizations involved at the locations
and times at which they are needed.

Record keeping and management

5.64. In addition to documenting the management system, traceable records
should be created that describe and characterize the radioactive waste and the
waste management activities undertaken. The records should include various
types of information, including the following, as appropriate:

(a) The origin of the waste and the processes by which it was generated;

(b) The physical and chemical forms and properties of the waste (e.g. of the
materials used in waste conditioning and their radionuclide retention
properties);

(¢) The activity concentration and total activity of radionuclides in the waste;

(d) The mass, activity concentration and total activity of fissile nuclides in the
waste;

(e) The type of waste package;

(f) The radiation level at the surface of the waste package;

(g) The level of surface contamination on the waste package;

(h) The mass and weight of the waste or waste package;

(1)  The dates of waste processing;

()  The methods and instruments used to describe and characterize the waste.

5.65. The range of information and the level of detail to be recorded should be
specified in the management system, taking account of the graded approach (see
paras 5.52-5.58). The management system should include provisions for the
information recorded to be checked periodically against the actual state of the
radioactive waste, updated as necessary, and then managed to preserve knowledge
of the results of waste processing (i.e. pretreatment, treatment and conditioning) and
of the status of waste storage and disposal. All important safety related information
about radioactive waste management should be retained and controlled.

13 Extended periods of time may apply in cases such as a long-standing industrial
operation that generates radioactive waste, the operating and decommissioning periods in the
lifetime of a nuclear power plant, the storage of waste awaiting disposal, the disposal of the
waste and institutional control during the post-closure period of a disposal facility.

35



5.66. Records describing the history of the radioactive waste management facility
such as data obtained during facility design, construction, commissioning,
operation and closure, should also be created and retained. These records should
include the following, as appropriate:

(a) Authorizations (e.g. licences, permits, amendments);

(b) Commissioning records;

(c) The safety case and safety assessments;

(d) The environmental impact assessment;

(e) Peer review reports;

(f)  Technical specifications and amendments;

(g) Design options, concepts, documents, calculations and drawings;

(h) Records of the facility actually constructed (‘as-built’ records);

(i) Approved design changes;

(j)  Procurement records for structures, systems and components;

(k)  Operating procedures;

(I)  Records of the implementation, review, updating and maintenance of
emergency preparedness and response arrangements, including records of
training, exercises, response to actual emergencies, lessons identified and
corrective actions implemented;

(m) Waste emplacement plans;

(n) Records generated during facility operation, including records of emplaced
waste packages;

(0) Records of assessments, inspections and verifications of processes and
activities;

(p) Records of any non-conformances and corrective actions;

(q9) Records of the training, experience and qualification of personnel;

(r) Monitoring data;

(s) Records of any incidents, including accidents, that have occurred;

(t) Records of interactions between the operating organization and the
regulatory body (e.g. meetings, inspections).

5.67. The licensee should define where and how (e.g. the media to be used) the
records are to be stored and this should be documented in the management system.
Decisions on record keeping should take account of regulatory requirements and
authorization conditions.

5.68. Arrangements should be made to ensure that records are maintained for the

appropriate period of time. Retention periods may differ depending on the nature
of the waste management facilities and activities, and on the levels of activity and
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half-lives of the radionuclides involved. The arrangements for maintaining and
retaining records should comply with regulatory requirements.

5.69. Information that needs to be retained for an extended period should be subject
to regular, periodic and systematic review to examine the implications of any
changes that have occurred in the governmental, legal and regulatory framework
and in regulatory requirements, and any implications of new organizational,
technological and scientific developments.

5.70. Records for a radioactive waste management facility that need to be
retained for an extended period should be stored in accordance with regulatory
requirements and in a manner that minimizes the likelihood and consequences of
loss, damage or deterioration due to events such as fire, flood or other occurrences.
The condition of the records should be assessed periodically. When unpredictable
events lead to the inadvertent damage to or destruction of records, the condition of
any surviving records should be assessed, and the importance and means of their
retention and their retention period should be re-evaluated.

5.71. The records should be backed up, retrievable and readable for the specified
retention period. Where records are preserved electronically, software and
computer hardware should beupdated and replaced, and datamigrated, asnecessary.
Irrespective of the storage media used (electronic or other), consideration should
be given to the storage of multiple copies in several different locations that have
independent systems for the preservation of records.

5.72. If the responsibility for managing radioactive waste is transferred from
one organization to another, relevant records and information about the waste
and the associated facility should be transferred to the successor organization.
The information to be transferred between the organizations should be set out
in a document that describes the interfaces and the interactions between the
organizations. The information should be provided in a form that the successor
organization can read.

5.73. Information on a radioactive waste management facility and its contents
may have to be made public, transferred between successive sets of personnel
within an organization and made accessible over a long time period. To
make it possible for future generations to read, understand and interpret the
information, contextual information should be collated, retained and transferred
(e.g. information on the governmental, legal and regulatory framework and the
regulatory requirements relevant to the facility; the rationale for safety related
and optimization decisions; explanations of language and technical terminology;
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summaries of scientific understanding; the methods used for collecting, analysing
and interpreting measurements) together with the records themselves. The safety
case for a facility can be used as a vehicle for the integration and synthesis of
this type of information. Consideration should be given to the information,
recording media, equipment and systems that will be needed to ensure, as far as
possible, that the information will be available in the future. Further information
on the preservation of records, knowledge and memory across generations, with
particular regard to geological disposal facilities, can be found in Ref. [33].

5.74. The safety case should explain the approach that has been adopted to ensure
the safety of the facility. For long term radioactive waste management programmes
(and in cases where there is heightened public interest, such as in relation to the
siting of disposal facilities), it is especially important to record the reasons why
decisions were made and to make this information available and easily traceable
for both present and future generations.

MANAGEMENT OF RESOURCES
Provision of resources

5.75. Requirement 9 of GSR Part 2 [5] states that “Senior management shall
determine the competences and resources necessary to carry out the activities
of the organization safely and shall provide them.”

5.76. Resources include individuals (both the number of individuals and
their competences), infrastructure, the working environment, knowledge and
information, and suppliers, as well as material and financial resources (see
footnote 10 of GSR Part 2 [5]).

5.77. The management system should include provisions to ensure that there are
sufficient numbers of competent personnel at all levels, that these personnel are
suitably qualified and experienced for the tasks allocated to them, and that they
understand the safety implications of their work.

5.78. In a typical radioactive waste management process, each step is dependent
upon the satisfactory completion of the previous step. Specific training should be
provided for personnel involved in the operation of facilities in which radioactive
waste is generated or managed, to ensure that they sufficiently understand the
processes involved and the interdependencies between all steps in the process of
radioactive waste management, and are aware of the potential consequences for
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safety and the generation of radioactive waste that could arise owing to operator
error. Without such understanding, for example, a waste package could be produced
that would not meet the acceptance criteria for subsequent storage or disposal.

5.79. Personnel who select, develop and/or implement process technologies for
radioactive waste management should be suitably qualified and experienced, and
should be trained and competent to perform their assigned tasks. For all stages
of radioactive waste management, the operating organization should ensure that
operating personnel (including maintenance and technical staff) understand the
nature of the waste and its associated hazards, the relevant operating procedures,
and the procedures to be followed in the event of incidents, including accidents.

5.80. Human resource plans should be developed and should incorporate
measures to ensure the continuous availability of a sufficient number of
competent personnel throughout the lifetime of a radioactive waste management
facility. For a radioactive waste disposal facility, this includes the period after
waste emplacement and the period of active institutional control during the
post-closure period.

5.81. Training programmes, procedures and succession plans should be established
to ensure that suitable competency is achieved and maintained, and to avoid the
potential loss of knowledge, practical experience and technical expertise over
time. Senior management is required to ensure that training and refresher training
needs are reviewed on a planned basis and updated as required (see para. 4.23
of GSR Part 2 [5]). This includes familiarization with the management system
(see para. 4.26 of GSR Part 2 [5]). Further recommendations on the role of the
management system in the areas of training, succession planning, and information
and knowledge management are provided in GS-G-3.1 [32]. Further information
on the preservation of records, knowledge and memory across generations, with
particular regard to geological disposal facilities, can be found in Ref. [33].

5.82. Refresher training should be arranged to ensure that personnel adequately
understand the implications of changes such as the following:

(a) Modifications to equipment and materials;

(b) The installation of new equipment;

(¢) Changes in procedures;

(d) Changes in technologies for radioactive waste management;

(e) Any tightening or relaxation of controls (e.g. on the number of waste
packages that may be moved at any given time);

(f) The introduction of additional controls;
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(g) Changes in the governmental, legal and regulatory framework;
(h) Changes in regulatory requirements.

5.83. Accumulated experience, including lessons from operations and incidents
(including accidents), should be reviewed periodically and used in revising training
programmes and in decision making. For long term waste storage facilities and
waste disposal facilities, the roles of individuals may change. The knowledge
that individuals possess is required to be managed as a resource (see para. 4.27 of
GSR Part 2 [5]) and this implies that organizations should take concrete steps to
capture the knowledge of their staff.

5.84. Responsibilities, mechanisms and schedules for providing the funds
necessary for radioactive waste management should be established in advance,
before the funds are needed.

5.85. Senior management should ensure that the management system for
radioactive waste management activities includes provisions to deal with funding
challenges such as the following:

(a) If the necessary funds cannot be obtained from the waste generator (e.g. as
a result of bankruptcy, cessation of business, inadequate financial planning
or the transfer of ownership of the waste to other parties), other means of
applying the ‘polluter pays’ principle would need to be considered.

(b) If funds are planned to come from public sources, other demands for such
funding may make it difficult to gain access to adequate funds on a timely
basis.

(c¢) It may be difficult to make realistic estimates of costs for radioactive waste
management activities that are still in the planning stage and for which little
or no experience has been accumulated.

(d) It may be difficult to estimate anticipated costs for activities that will
only begin in the long term, because these costs will depend strongly on
assumptions made about future inflation rates, bank interest rates and
technological developments.

(e) It may be difficult to incorporate appropriate risk and contingency factors
into estimates of future costs, owing to the uncertainties associated with
future changes in societal demands, political imperatives, public opinion
and the nature of unplanned events.

(f) Experience has shown that costs for large projects tend to increase compared
with initial estimates (see e.g. Ref. [34]).
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(g) If several organizations are involved in the waste management process, the
necessary financial arrangements could be complex and ensuring adequate
continuity of funding could be problematic.

5.86. Each operating organization should ensure that adequate commercial
arrangements are in place to manage each of the identified waste streams and to
ensure that these arrangements are likely to endure for the period necessary to
complete the waste management programme. The government and the regulatory
body should ensure that adequate contingency planning is included in these
arrangements. If the financial arrangements prove to be inadequate, then the
government may have to take measures to ensure that the waste continues to be
managed safely.

MANAGEMENT OF PROCESSES AND ACTIVITIES
Management of processes and activities

5.87. Requirement 10 of GSR Part 2 [5] states that “Processes and activities
shall be developed and shall be effectively managed to achieve the
organization’s goals without compromising safety.”

5.88. GSR Part 2 [5] states:

“4.28. Each process shall be developed and shall be managed to ensure
that requirements are met without compromising safety. Processes shall
be documented and the necessary supporting documentation shall be
maintained. It shall be ensured that process documentation is consistent with
any existing documents of the organization. Records to demonstrate that the
results of the respective process have been achieved shall be specified in the
process documentation.

“4.29. The sequencing of a process and the interactions between processes
shall be specified so that safety is not compromised. Effective interaction
between interfacing processes shall be ensured. Particular consideration
shall be given to interactions between processes within the organization,
and to interactions between processes conducted by the organization and
processes conducted by external service providers.

“4.30. New processes or modifications to existing processes shall be
designed, verified, approved and applied so that safety is not compromised.
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Processes, including any subsequent modifications to them, shall be aligned
with the goals, strategies, plans and objectives of the organization.

“4.31. Any activities for inspection, testing, and verification and validation,
their acceptance criteria and the responsibilities for carrying out such
activities shall be specified. It shall be specified when and at what stages
independent inspection, testing, and verification and validation are required
to be conducted.

“4.32. Each process or activity that could have implications for safety shall
be carried out under controlled conditions, by means of following readily
understood, approved and current procedures, instructions and drawings. These
procedures, instructions and drawings shall be validated before their first use
and shall be periodically reviewed to ensure their adequacy and effectiveness.
Individuals carrying out such activities shall be involved in the validation and
the periodic review of such procedures, instructions and drawings.”

5.89. Many processes support waste minimization, handling, pretreatment, treatment,
conditioning, transport, storage and disposal. The management system should provide
assurance that these processes comply with all applicable requirements, and should
encourage the application of the principle of carrying out work correctly the first time.

5.90. All radioactive waste management processes should be specified, and
individual ‘process owners’ should be appointed by senior management. The
authorities and responsibilities of process owners should be documented. The
following processes should be considered, as appropriate:

(a)
(b)
(©)
(d)
(e
)
(&)
(h)
(i)

W)
(k)
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Research and development;

Commissioning, calibration and testing of new equipment;

Commissioning of new processes and activities;

Safety case development, including safety and performance assessments;
Facility design and optimization, and facility construction;

Environmental protection, environmental monitoring and surveillance;
Control of products (e.g. waste containers, waste packages);

Providing for traceability of waste;

Condition monitoring, particularly during any long term storage and when
radioactive waste is in a disposal facility prior to the closure of that facility;
Retrieval of waste from waste management facilities;

Knowledge and information management, including the control, transfer and
keeping of records;



()  Development of waste acceptance criteria, acceptance of waste and transfer of
responsibility;

(m) Radiation protection;

(n) Ensuring legal compliance;

(o) Risk management;

(p) Applying a graded approach to the application of management system
requirements;

(qQ) Process management;

(r)  Decision making;

(s) Communication with interested parties;

(t) Human resources management;

(u) Procurement;

(v) Management of organizational change and resolution of conflicts;

(w) Documentation of the management system and measurement, assessment and
improvement of the management system;

(x) Managing interactions between the management system processes;

(y) Emergency preparedness and response;

(z) Post-closure institutional control and monitoring of a disposal facility.

5.91. The possibility of human error should be taken into account when defining
processes and activities. The processes and activities should be planned so as to
minimize potential human errors.

Development of processes

5.92. The management system should include procedures for the design of
radioactive waste management processes. The design of these processes should
take into account the hierarchy of hazard controls; that is (in order of decreasing
effectiveness), hazard elimination, hazard substitution, engineered controls,
administrative controls and the use of personal protective equipment. Examples
of hazard elimination include minimizing the generation of waste and reusing or
recycling a disused sealed radioactive source. Examples of hazard substitution
include the storage of vitrified high level waste instead of liquid high level waste
and the storage of uranium in oxide form instead of as uranium hexafluoride.
Examples of engineering controls include the use of shielding or remote handling
technologies. Examples of administrative controls include training, supervision
and operating procedures. Personal protective equipment includes protective
clothing and face masks to avoid skin contamination and internal contamination.

5.93. The design of processes for the predisposal management of radioactive
waste should take into account the detailed sequence of tasks involved, and
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issues relating to the specific work processes and products (e.g. waste packages),
including, for example, the following:

(a)

(b)

(©
(d)

(©)
®

(2

(h)
(1)
W)
(k)
M
(m)

The planning and implementation of a radiation protection programme'*
for facility operation, including the use of protective clothing and shielded
equipment and facilities;

The use of special handling equipment, tools and techniques for the
emplacement of waste packages in, and their retrieval from, storage facilities;
Testing and assay requirements (e.g. equipment, methods, materials);

The design of non-destructive systems and chemical analysis methods for
waste characterization;

The need for waste pretreatment, treatment and conditioning;

The design of waste containers and waste packages on the basis of detailed
specifications for materials, geometry, mechanical properties, sealing and
containment capability, stability, robustness and durability (see IAEA Safety
Standards Series Nos SSG-40, Predisposal Management of Radioactive
Waste from Nuclear Power Plants and Research Reactors [36], and SSG-41,
Predisposal Management of Radioactive Waste from Nuclear Fuel Cycle
Facilities [37]);

The design of waste transport containers and waste storage facilities for use
before development of a disposal facility, taking into account the uncertainty
in the possible design of the disposal facility;

The length of time that waste is to be stored, taking into account the
characteristics of the waste, the waste package and the store;

Events and processes that could lead to the degradation and possible failure
of waste packages in storage;

The design of methods for examining waste packages that may have
degraded while in storage;

The need to inspect, move, repair and/or re-engineer waste packages in
storage;

The need for equipment to be maintained and replaced during operations
and the possible need for any specialized equipment in the future;

The need to maintain storage facility buildings, potentially over a very long
lifetime.

14 Requirements for the protection of workers, including the establishment of a radiation

protection programme are established in IAEA Safety Standards Series No. GSR Part 3, Radiation
Protection and Safety of Radiation Sources: International Basic Safety Standards [35].
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5.94. The design of processes for the disposal of radioactive waste should take into
account the detailed sequence of tasks that will be involved and issues relating to
the specific work processes, including, for example, the following:

(a) Planning and implementation of site investigations while minimizing
disruption to the integrity of the natural environment and the host geological
formation;

(b) Planning, use and sealing of site investigation boreholes that if not sealed
might affect the safety of the disposal system;

(c) Design and construction of facilities (e.g. near surface disposal vaults, the
excavation of underground cavities) while minimizing damage to the natural
environment and the host geological formation;

(d) Planning and implementation of a radiation protection programme for
facility operation, including the use of protective clothing and shielded
equipment and facilities;

(e) The use of special handling equipment, tools and techniques for the
emplacement of waste in disposal facilities;

(f) The installation of engineered barriers (e.g. buffers, backfills, seals, closure
components);

(g) Protection of waste packages from degradation (e.g. due to rock fall or
corrosion) before the facility is closed;

(h) Monitoring activities.

5.95. Experiments, pilot scale tests and commissioning procedures carried out to
support the design of processes that are to be implemented full scale in radioactive
waste management should have the following aims:

(a) To provide assurance that it will be possible to quantify, either by direct
measurement or by process control, the important waste parameters and
characteristics (e.g. mass of fissile material, isotopic composition, chemical
composition and physical state, decay heat) necessary to control the
processes;

(b) To determine the process variables that are important to the acceptability of
the end product and the parameters that are potentially important to safety.

5.96. Investigations that are performed to support the design of processes and that
employ simulated waste or simulated waste constituents should be focused on

ensuring the following:

(a) That the compositions of simulated waste are, as far as possible,
representative of the actual waste to be processed;
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(b) That any anticipated conditions that might result in a significant reduction
in the quality of waste packages are considered.

5.97. Any previously unrecognized variations (e.g. in the composition of waste
streams) should be considered to determine whether they necessitate adjustment
of the design of processes or of the specifications for the materials currently being
used for waste conditioning.

5.98. For long term waste management activities, future infrastructural needs
should be specified and the operating organization should develop plans to ensure
that these needs will be met. In such planning, consideration should be given to
the continuing need for the following:

(a) Support services;

(b) Spare parts for equipment that might cease to be manufactured during the
long operational period of the facility;

(¢) Equipment upgrades to meet new regulatory requirements or to make
operational improvements;

(d) Provisions to address the evolution and obsolescence of computer hardware
and software.

5.99. Procedures should be established to ensure that the status of waste being
processed and the status of equipment, tools, materials and other items important
to safety are known and controlled at all times in order to ensure the following:

(a) Required tasks, inspections or tests are not inadvertently omitted;

(b) Non-conforming equipment is not installed, used or relied on;

(c) Tools and items of test equipment that are possibly damaged, defective or
out of calibration are not used;

(d) Non-conforming materials and items (e.g. waste, immobilizing agents,
waste containers) are identified and segregated and are not processed further
until the non-conformance is resolved.

5.100. The development of management processes for radioactive waste
management activities should take into account the following aims:

(a) To ensure the continuity of control of the waste and waste management
activities;

(b) To maintain links and relationships between organizations, where more than
one organization is involved;
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(¢) To plan for the long duration of the waste management activities, where
appropriate;

(d) To ensure that safety will be maintained throughout the long lifetime of a
disposal facility;

(e) To ensure the retention of knowledge of the waste and of the waste
management activities.

5.101. The management processes should be suitable for the relevant stage of the
waste management programme. The development of each process should ensure
that the requirements and the risks relating to the waste management activities
have been identified, and that interfaces and interactions with other processes
have been taken into consideration.

Special processes

5.102. Special processes are processes for which one or both of the following
apply:

(a) The output from the process depends strongly on the control of the process,
the skill of the operating personnel or both;

(b) It is not possible to fully confirm the conformity of the output with the
specified acceptance criteria by inspection or testing after the process
has been conducted (e.g. the welding of lids onto certain types of waste
containers, the backfilling of a radioactive waste disposal facility).

5.103. Special processes in the predisposal management of radioactive waste
include the following:

(a) The use of certain analytical methods and sampling protocols in waste
characterization and process control;

(b) Non-destructive examination and testing of structures, systems and
components (e.g. waste containers);

(c) Welding;

(d) Heat treatment;

(e) Painting and coating of containers of waste that generate high radiation
levels;

(f) Non-destructive examination and testing of waste (e.g. radiography in real
time, gamma and neutron measurement techniques);

(g) Corrective actions for waste containers and waste packages that do not
comply with specified requirements (e.g. closure welding of lids on
overpacks).
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5.104. Special processes in the disposal of radioactive waste include the
following:

(a) Processes involving remote handling methods (e.g. for controlled
emplacement of waste packages and backfill materials in the presence of
high radiation levels);

(b) Certain waste emplacement activities (e.g. emplacement of large spent fuel
containers);

(c) The construction, installation, maintenance and monitoring of structures,
systems and components (e.g. engineered barriers);

(d) The retrieval, repair and relocation of waste packages if problems arise after
they have been emplaced.

5.105. Special processes should be witnessed by suitably qualified and
experienced personnel and shown to be effective for the conditions in which they
will be applied, and any limitations should be documented.

5.106. The validation of non-destructive gamma or neutron techniques for the
analysis of radioactive waste should involve the following:

(a) Use of empirical data to validate algorithms for measuring the activity of
radionuclides;

(b) In developing the method or in calibrating the equipment, use of reference
materials that have the same attenuation properties and moderating properties
as the radioactive items to be measured (e.g. waste or waste packages);

(c¢) Quantification of the uncertainties associated with the analysis of the waste.

5.107. Special processes should be performed by suitably qualified and
experienced personnel and conducted in accordance with approved procedures.
Appropriate records of special processes should be made and retained. Where
industry standards apply to special processes, the requirements of such standards
should be complied with. When any changes are made (e.g. to samples and
conditions, methods, equipment, or qualification of personnel), the special
processes should be revalidated.

Inspection and testing of processes
5.108. Inspection and testing are important for controlling work processes
and should be planned, documented, executed and recorded to ensure that

important parameters of waste management processes are controlled, that waste
and waste packages meet design specifications and acceptance criteria, and that
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disposal facility conditions at the time of waste emplacement meet the design
specifications and expected initial state. Inspection criteria should be specified for
each inspection and testing step in radioactive waste management.

5.109. Inspections carried out as part of radioactive waste management should
include the following, as appropriate:

(@)
(b)

(©)
(d)
(e)
()
(2
(h)
(i)
©)
(k)

M
(m)

(n)

(0)

Inspection at source of items important to safety for which the quality is
difficult to verify upon receipt;

Inspection and testing, as appropriate, on receipt of items important to
safety (e.g. waste packages), including verification of related certification
and documentation;

Inspection of installed items that are important to safety, including
witnessing of equipment or system operational tests;

Appropriate acceptance inspections to validate structures, systems and
components;

Inspection of radioactive waste treatment processes;

Inspection of processes (e.g. by non-destructive analysis or real time
radiography) used for determining whether waste forms are suitable and
can be accepted;

Inspection of radioactive waste processing facilities and activities;

Final inspection of waste forms, waste containers and waste packages
destined for storage;

Inspection of radioactive waste containers and waste packages that are
designed to comply with the requirements established in SSR-6 (Rev. 1) [8];
Periodic, non-invasive inspection of the integrity and identification of
radioactive waste in storage;

Inspection of the radioactive waste management facility construction
processes;

Inspection of the facility before radioactive waste is accepted for receipt;
Inspection of radioactive waste emplacement and engineered barrier
installation processes;

Inspection (e.g. by non-destructive analysis or real time radiography) of
radioactive waste destined for disposal (e.g. on receipt at the radioactive
waste disposal facility, during storage awaiting disposal), including either
comprehensive inspection or random sampling inspection;

Regular inspection to verify the operability of equipment or systems used
for the prevention, detection or mitigation of accidents.

5.110. For inspections and tests designed to verify the characteristics of
a radioactive waste container or waste package (e.g. geometry, mechanical
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properties, sealing and containment capability, stability, robustness, durability;
see SSG-40 [36] and SSG-41 [37]), methods should be used that have been
demonstrated to be effective on the materials to be tested and test conditions
should be representative of (or more severe than) the conditions that will be
encountered during storage or disposal.

Validation and verification of processes

5.111.  Work processes should be validated to ensure that they are appropriate
for achieving their intended function. The results and outputs of the processes
implemented should be verified to determine whether they are of the necessary quality.

5.112. The validation of work processes should be performed in accordance
with documented and approved procedures, and the results should be reported.
Validation of work processes, where feasible, should include the following:

(a) Identification of the process variables that should be controlled to ensure the
adequacy of radioactive waste management activities;

(b) Establishment of the limits or tolerances for the process variables;

(c) Identification of adequate control methods for the process variables,
including the frequency of sampling and testing of waste forms and packages.

5.113.  The verification of process outputs should include establishing and
implementing an appropriate testing and monitoring programme with which to
verify the quality of the outputs at each stage of the waste management programme
(e.g. radioactive substances discharged, materials cleared from regulatory control,
waste, waste forms and waste packages for storage and disposal). The rationale
for the design of the testing and monitoring programme should be documented.

5.114. Radioactive waste management processes should include appropriate
‘hold points’ at which the acceptability of important results or outputs should be
verified. Procedures should specify that the process should not proceed beyond
hold points until designated personnel have given their approval. Independent
verification should be provided, where appropriate, commensurate with the safety
significance of the activity (i.e. in accordance with a graded approach). Where
appropriate, hold points may be waived if a satisfactory justification on grounds
of safety or quality is documented and approved.

5.115.  If reports and records relating to the manufacture of waste containers

and the conditioning of waste to produce waste packages do not demonstrate that
the waste packages meet the acceptance criteria for disposal (e.g. because the
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waste packages were produced before waste acceptance criteria for a disposal
facility were set), then further assessment should be undertaken to determine
whether the waste packages meet the waste acceptance criteria for disposal. If the
waste packages do not meet the waste acceptance criteria for disposal, the need to
rework the packages should be considered.

5.116. Appropriate reports and records of the validation of work processes and
the verification of process outputs should be kept. Reports and records of the
verification of process outputs should be made available to all subsequent waste
processors, storage facilities, consignors, radioactive waste disposal facilities and
the regulatory body.

Optimization of processes

5.117. The management system should include a process and procedures for
optimizing work processes, and these should be applied before and throughout
each stage of facility development in an iterative, systematic and transparent
manner. Optimizing waste management work processes should include the
following activities, as appropriate:

(a) For the production of waste packages: providing guidance and training to
waste generators on the waste acceptance criteria at the relevant radioactive
waste disposal facility as early as possible.

(b) For site characterization: maximizing understanding of baseline conditions
and knowledge drawn from non-invasive investigations of a site, in addition
to the use of selective and justified invasive methods such as borehole
investigations.

(c) For environmental impact assessment: minimizing disturbance of the
environment.

(d) For facility design: coordinating the interaction between the activities and
teams involved in facility design, site characterization and safety case
development.

(e) For construction: selecting techniques and equipment that will minimize
disturbance to the site, including the host geological formation, especially
close to major discontinuities and zones of structural weakness.

(f) For operation of storage facilities and disposal facilities: emplacing waste
packages intact and without significant damage and in accordance with any
waste emplacement strategy included in the safety case for the facility.

(g) For operation and closure of a disposal facility: emplacing backfill and
installing seals at the correct densities to achieve the intended hydraulic
conductivities at the necessary locations in accordance with the design
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requirements; installing the cap over a near surface disposal facility so as to
minimize the flow of water to the waste.

(h) For the post-closure period: arranging for archiving of relevant materials
and information.

Management of non-conformances

5.118. The management system should include a process and procedures to
deal with non-conforming items. The process and procedures should include the
following actions:

(a) Timely identification, reporting and documentation of counterfeit or
fraudulent items and other non-conformities;

(b) Segregation of non-conforming items to prevent them from being used or
transferred to another organization before the non-conformance is resolved,;

(c) Clear identification of non-conforming items and process equipment (e.g.
tagging, labelling, stickers, marking);

(d) Assessment of the condition of non-conforming items, resolution of
non-conformances (e.g. rework, repair, reject), and determination of the
causes for non-conformances so that corrective actions can be taken to
prevent the non-conformances from recurring;

(e) Appropriate follow up, as necessary, to evaluate the effectiveness of
corrective actions.

5.119. The consequences of the non-conformance of an item should be evaluated
to assess whether the item can be accepted, or whether it should be reworked or
repaired to bring it back into conformity. If none of these options is practicable,
or if the item is found to be a counterfeit or fraudulent item, the item should
be rejected. The management system should include a process and procedures
that describe how such rejected items are to be managed. In the case of a waste
package for which neither repair nor rejection is a viable option, consideration
should be given to reworking the package, overpacking or taking other measures
(e.g. using a new waste container) to bring the package into compliance with the
waste acceptance criteria. Any non-conformance that is important to safety that is
found after the emplacement of the waste (e.g. a design fault, defective package
material or damage affecting the integrity of the package) should be rectified as
far as possible. If the non-conformance cannot be rectified, its impact on safety
should be subjected to a detailed analysis, which should be used as appropriate to
optimize the situation. For example, if a waste package that has been emplaced in
a facility is found to have been damaged, its effect on safety should be assessed
and the results of the assessment should be used, together with other information
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on potential management options, to decide on the management option to be
implemented (e.g. it may not be possible to re-weld a damaged waste package,
but it might be possible and justified to provide an overpack).

5.120. Non-conformance data should be analysed periodically to identify
trends (e.g. in the quality of waste containers and waste packages), and these
analyses should be reported to the responsible manager for review. Corrective
actions should be initiated to remove or eliminate the underlying causes of the
non-conformances where these are important to safety.

Management of the supply chain

5.121. Requirement 11 of GSR Part 2 [5] states that “The organization shall
put in place arrangements with vendors, contractors and suppliers for
specifying, monitoring and managing the supply to it of items, products and
services that may influence safety.”

5.122. GSR Part 2 [5] also states:

“4.33. The organization shall retain responsibility for safety when contracting
out any processes and when receiving any item, product or service in the
supply chain'’.

“4.34. The organization shall have a clear understanding and knowledge of
the product or service being supplied'?. The organization shall itself retain
the competence to specify the scope and standard of a required product or
service, and subsequently to assess whether the product or service supplied
meets the applicable safety requirements.

“4.35. The management system shall include arrangements for qualification,
selection, evaluation, procurement, and oversight of the supply chain.

“4.36. The organization shall make arrangements for ensuring that suppliers
of items, products and services important to safety adhere to safety
requirements and meet the organization’s expectations of safe conduct in
their delivery.

“II The supply chain, described as ‘suppliers’, typically includes: designers, vendors,
manufacturers and constructors, employers, contractors, subcontractors, and consigners
and carriers who supply safety related items. The supply chain can also include other
parts of the organization and parent organizations.
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“I12 The capability of the organization to have a clear understanding and knowledge of the

product or service to be supplied is sometimes termed an ‘informed customer’ capability.”

5.123. In cases where there are long time periods involved in radioactive waste
management, the responsible organization should plan how it will manage the
availability and quality of equipment and the procurement of any structures,
systems or components that need to be replaced. The organization should
monitor suppliers so that they do not cease operation without prior warning, and
ensure that there is a diversity of supply. The organization should ensure that it
has sufficient spare parts. In some instances, research and development may be
necessary to provide an advance warning of the potential failure of equipment
or structures, systems or components, or to identify potential replacements.
Financial arrangements should be put in place to accommodate long term needs,
and procurement plans should be consistent with these.

5.124.  Organizations that commission services, items or processes should have
sufficient capabilities in house to act as an ‘intelligent customer’ (e.g. see IAEA
Safety Standards Series Nos GS-G-3.5, The Management System for Nuclear
Installations [38] and GSG-12, Organization, Management and Staffing of the
Regulatory Body for Safety [39]). Services, items and processes supplied by other
organizations should be controlled through contractual arrangements that, for
example, include the following:

(a) Management system requirements;

(b) Specifications for services, items and processes, as appropriate;
(c) Validation and verification criteria;

(d) Regulatory requirements;

(e) Resource requirements and constraints.

5.125. Potential suppliers should be provided with a clear description of the
items and services to be supplied. The process to be used for evaluating proposals
from potential suppliers and for selecting suppliers should also be made available.
Use of a list of approved and preferred suppliers prevents redundant effort in
procurement and helps ensure consistency of acceptance of the suppliers.
Acceptability of proposals and suppliers should be based on appropriate selection
criteria, such as capability to meet purchasing requirements, the qualifications
and experience of the individuals identified to manage and conduct work, the
proposed approach for supplying the items and services, the track record of the
organizations being subcontracted (especially in terms of safety performance),
client and third party audits of suppliers and subcontractors, costs and the
acceptability of any gaps in the supplier’s proposals. The details of the procurement
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process — including the reasons for selecting the chosen supplier and the contract
documentation — should be recorded.

5.126. In planning for procurement, consideration should be given to the
availability and quality of equipment (e.g. monitoring instrumentation), materials
and other items important to safety over the extended periods of waste storage and
disposal. Consideration should also be given to the financial arrangements and
controls that may be necessary over such extended periods of time.

5.127. The management systems of organizations in the supply chain should
be reviewed and revised as necessary so that they can be accepted before work
commences. The management systems of organizations in the supply chain should
include arrangements for oversight of contractors by the organization that procures
the work. Oversight of contractors should include surveillance, inspection of
activities, ongoing monitoring, periodic review by experts, acceptance of plans
and deliverables, and review of changes to activities.

Application of the management system to the development of the safety case
for radioactive waste management facilities and activities

5.128. Requirement 13 of GSR Part 5 [3] states:

“The operator shall prepare a safety case and a supporting safety
assessment. In the case of a step by step development, or in the event of
modification of the facility or activity, the safety case and its supporting
safety assessment shall be reviewed and updated as necessary.”

5.129. Requirement 12 of SSR-5 [4] states:

“A safety case and supporting safety assessment shall be prepared and
updated by the operator, as necessary, at each step in the development
of a disposal facility, in operation and after closure. The safety case and
supporting safety assessment shall be submitted to the regulatory body
for approval. The safety case and supporting safety assessment shall
be sufficiently detailed and comprehensive to provide the necessary
technical input for informing the regulatory body and for informing
the decisions necessary at each step.”

5.130. The senior management of the operating organization of a radioactive

waste management facility is responsible for developing, reviewing and
maintaining a safety case to provide the basis for decisions on facility design,

55



construction, commissioning, operation and decommissioning or closure, as
appropriate. Recommendations on the development of safety cases and supporting
safety assessments for facilities for predisposal management of radioactive waste
and for radioactive waste disposal facilities are provided in GSG-3 [16] and
SSG-23 [17], respectively.

5.131. The management system relates to the safety case in several
ways as follows:

(a)

(b)

(©

(d)

©)

®
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The management system should ensure that the safety case has been
appropriately prepared, reviewed and updated by suitably qualified and
experienced personnel.

The management system should ensure that all relevant requirements
relating to the safety case and the safety of the facility are met. Furthermore,
the management system should provide confidence that the relevant
requirements will continue to be met throughout all steps in the lifetime of
the waste management facility.

The management system should include processes and procedures to ensure
the quality of all activities associated with the safety case, such as data
collection and safety assessment modelling. The safety case for a disposal
facility may need to deal with particular uncertainties relating to the length
of the assessment period (e.g. thousands of years) and the need to consider
and model the behaviour of the natural system at the site and its evolution;
where relevant, the management system should include specific processes
and procedures for the management of such uncertainties.

The management system should identify the process for developing
and applying waste package specifications and waste acceptance criteria
consistent with, and derived from, the relevant safety cases (including, as
appropriate, the safety case for the subsequent waste management facility),
in accordance with Requirement 12 of GSR Part 5 [3] and Requirement 20
of SSR-5 [4].

The management system should include processes and procedures for the
periodic review and updating of the safety case (e.g. to take account of
operational experience, new or revised standards and other newly available
information).

The safety case should acknowledge the existence of unresolved issues and
provide guidance for work to resolve these issues in future development
stages. The management system should include processes and procedures
for initiating and managing tasks aimed at addressing unresolved issues. The
safety case should also enable the parties involved to judge the level of safety



provided by the waste management facility throughout its development and
as new information is obtained.

(g) The management system should include processes and procedures to ensure
that personnel involved in the development of the safety case are suitably
qualified and experienced and that they have an understanding of the waste
management system and its associated risks and of the process used for the
review of the safety case.

5.132. The safety case is part of the information to be provided to the regulatory
body for review and approval in support of facility authorization. The management
system should include processes and procedures for the provision of appropriately
detailed and comprehensive information to the regulatory body to fulfil regulatory
requirements throughout the lifetime of the facility.

5.133.  The management system should include arrangements for establishing,
as appropriate, waste package specifications, waste acceptance criteria and other
conditions to be applied at the facility. The management system should also include
arrangements (e.g. by establishing technical specifications based on the safety
case and safety assessments) to ensure that the facility is designed, constructed,
operated and decommissioned or closed, as appropriate, in accordance with the
safety case and the authorization.

5.134. The management system should include processes and procedures for
the retention and archiving of information relevant to the safety case and the
safety assessments (see Requirement 15 of GSR Part 5 [3] and Requirement 14
of SSR-5 [4]), as well as records of facility operation and inspections that
demonstrate compliance with regulatory requirements, technical specifications,
waste package specifications, waste acceptance criteria and other conditions.
Such information and records should be retained with other important records, as
described in paras 5.64-5.74.

5.135.  The following aspects should be taken into account in the management
system for the development of a safety case:

(a) The need for internal and external audits, as appropriate, of information
and activities relating to the safety case, to determine the adequacy of the
management system and its implementation;

(b) The need to demonstrate the suitability of personnel involved in the
preparation of the safety case (e.g. conducting safety assessments,
undertaking safety case reviews) by documenting their qualifications and
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experience, and by providing further relevant training (e.g. through their
participation in international projects);

(c) The need to take into account the views of interested parties on the safety
case;

(d) Theneed to ensure consideration of applicable international safety standards
in the development of the safety case;

(e) The need for robust processes and procedures to ensure the quality of data,
models, software and calculations used to underpin the safety case;

(f) The need to develop and maintain competence with regard to the safety
case, both within the operating organization and within the regulatory body,
over the whole project time frame.

5.136. The management system should, in particular, include processes and
procedures for ensuring the traceability and transparency of the safety case, for
research and development, for the treatment of uncertainty and for the integration
of safety case development with the design and optimization of the facility.

Traceability and transparency

5.137. A coherent referencing system supporting the safety case should be
established. This should include structured information on when, on what basis
and by whom decisions and assumptions were made, on how these decisions and
assumptions were implemented, on what modelling tools were used, and on the
original sources of the information used in the safety case.

5.138. The management system should include a transparency policy that
provides for and ensures openness, communication and accountability. Because of
the longevity of the hazards associated with some radioactive waste management
facilities (particularly disposal facilities for long lived radioactive waste), the need
for transparency when interacting with interested parties is particularly important.

5.139. The safety case and safety assessment should be documented in a clear,
open and unbiased way that describes the safety features of the radioactive waste
management system and any associated uncertainties. The aim should be to provide
a clear picture of what has been done in the safety assessments, what the results
and uncertainties are, why the results are as they are and what the key issues are,
in order to inform decision makers. To increase transparency, the documentation
of the safety case should, to the extent possible, taking account of circumstances
relating to security or commercial confidentiality, be made available to the public
and should be prepared taking account of the graded approach and in a manner
and at a level of detail that is suitable for the intended audience.
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Research and development

5.140. In relation to the predisposal management of radioactive waste,
para. 3.10 of GSR Part 5 [3] states that “the regulatory body, where appropriate,
may undertake research”. Paragraph 5.12 of GSR Part 5 [3] states that “the
safety assessment has to be reviewed and updated...[w]hen there are significant
developments in knowledge and understanding (such as developments arising
from research...)".

5.141. In relation to the disposal of radioactive waste, para. 2.32 of
GSR Part 1 (Rev. 1) [18] states that “The government shall make provision for
appropriate research and development programmes in relation to the disposal of
radioactive waste, in particular programmes for verifying safety in the long term.”

5.142. In relation to the disposal of radioactive waste, para. 3.13 of
SSR-5 [4] states:

“The operator has to conduct or commission the research and development
work necessary to ensure that the planned technical operations can be
practically and safely accomplished, and to demonstrate this. The operator
likewise has to conduct or commission the research work necessary to
investigate, to understand and to support the understanding of the processes
on which the safety of the disposal facility depends.”

5.143. To address these requirements, the management systems of the relevant
organizations should include provisions for the development, review and
maintenance of a high level document that describes the research and development
programme for the establishment of a radioactive waste disposal facility. The
identity of the relevant organizations will depend on national arrangements, but
it is typically the operating organization that takes the leading role in conducting
or commissioning the research and development. The research and development
programme document should describe conducted, ongoing and planned research
relevant to the safety of the facility and should integrate the research outputs that
could be used to support the safety case; an example is provided in Ref. [40]. The
research and development programme should address the scheduling of activities
and how the research and development programme is connected to the future
development of the safety case and safety assessments, and to the facility design
and waste management activities.

5.144. Because of the longevity of some radioactive waste management
facilities, especially disposal facilities, research may need to be initiated well
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in advance of operation and be capable of assessing long term behaviour and,
consequently, should inform the development of waste acceptance criteria. The
operating organization should take account of experience and lessons from
other States and should conduct or commission the research work necessary to
investigate and understand the waste management system, the structures, systems
and components on which the safety of the facility depends, and the events and
processes that could affect its performance. This should include obtaining all the
data necessary for safety assessment, including assessing the suitability of the
materials used in the facility.

5.145. The research and development activities involved in developing and
assessing the safety of a radioactive waste disposal facility can be very wide ranging
and may be conducted both in the laboratory and in the field. The provisions in the
management system that manage research and development activities should be
capable of dealing with a wide range of studies and conditions (e.g. surface and
underground laboratory conditions, investigations in natural environment) and
timescales (e.g. from days to years or decades). The management system should
recognize that there will always be uncertainty in the results from research and
development activities and should include processes and procedures for dealing
with these uncertainties.

Treatment of uncertainties

5.146. Themanagement system should ensure that uncertainties (e.g. in assessing
the behaviour of natural systems and engineered systems) are, as far as possible,
identified and that the basis for their quantification, where this is considered
appropriate, is clearly documented. Recommendations on the management
of uncertainties in the preparation of the safety case and safety assessment for
predisposal management of radioactive waste are provided in GSG-3 [16] and, for
the disposal of radioactive waste, in SSG-23 [17]. Further information is provided
in Refs [41, 42].

5.147. At any particular stage in assessing the safety of a radioactive waste
management facility, there might not be sufficient information available to provide
the necessary level of confidence. This might be the case if the information used
in the safety assessment is derived from the following:

(a) Generic (i.e. not site specific) studies;

(b) Estimated values;

(c) Extrapolated values;

(d) Studies that were conducted for other purposes.
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5.148. Uncertainties associated with insufficient information can be addressed
by using appropriate approaches to safety assessment, including conservative
deterministic safety assessment calculations, sensitivity and uncertainty analyses,
and probabilistic risk assessments. Even if these approaches are used, further
research and uncertainty management may still be necessary.

5.149. The compilation and use of data should be clearly described, justified and
recorded. As more data are collected — for example, during a site characterization
programme — the level of reliance on generic studies and on estimated and
extrapolated values should decrease, and with appropriate management of
uncertainties, the level of confidence in the safety case should increase.

5.150. When statistical data that have been compiled on a large scale (e.g. regional
data on geological or hydrogeological characteristics) are used, special consideration
should be given to how such data can be applied to the particular site of the disposal
facility and its immediate surroundings. Similarly, special consideration should be
given to how data collected on a small scale (e.g. in the laboratory) can be applied
to the full scale operation of the disposal facility. The management system should
address any issues associated with the scaling of data.

5.151. When computer software and models are used to support radioactive
waste management activities, the management system should ensure that
appropriate model and software verification and validation are carried out, taking
into account the uncertainties associated with modelling the long term behaviour
of disposal systems.

Optimization of radioactive waste management

5.152. The overall process of radioactive waste management should be
optimized. In addition, each stage of radioactive waste management, including
predisposal management activities and their design, and throughout the lifetime
of predisposal management facilities and disposal facilities (i.e. during site
selection and characterization, and facility design, construction, operation
and decommissioning or closure, as appropriate) should be optimized.
The management system should include a process and procedures for considering
a wide range of technical, socioeconomic and environmental factors, including
using the safety case and safety assessment, to guide stepwise and iterative
decision making on the selection of options in each circumstance.
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Application of the management system to all steps in the management of
radioactive waste

5.153. Requirement 7 of GSR Part 5 [3] states that “Management systems
shall be applied for all steps and elements of the predisposal management of
radioactive waste.” Furthermore, para. 3.24 of GSR Part 5 [3] states:

“To ensure the safety of predisposal radioactive waste management facilities
and the fulfilment of waste acceptance criteria, management systems are
to be applied to the siting, design, construction, operation, maintenance,
shutdown and decommissioning of such facilities and to all aspects of
processing, handling and storage of waste.”

5.154. Requirement 25 of SSR-5 [4] states (footnote omitted):

“Management systems to provide for the assurance of quality shall
be applied to all safety related activities, systems and components
throughout all the steps of the development and operation of a disposal
facility. The level of assurance for each element shall be commensurate
with its importance to safety.”

Generation and management of radioactive waste away from facilities primarily
intended for radioactive waste management

5.155.  Some predisposal management activities take place away from facilities
that are primarily intended for radioactive waste management. For example, some
radioactive waste is managed where it is generated (e.g. in hospitals or in industrial,
agricultural or research facilities). Some radioactive waste management activities
are conducted using mobile equipment and facilities. GSR Part 5 [3] and IAEA
Safety Standards Series No. SSG-45, Predisposal Management of Radioactive
Waste from the Use of Radioactive Material in Medicine, Industry, Agriculture,
Research and Education [43] address various approaches to managing radioactive
waste, including ‘delay and decay’, ‘concentrate and contain’, ‘isolate’ and ‘dilute
and disperse’, and address the need for minimization and characterization of
radioactive waste. SSG-45 [43] provides specific guidance on the application of
the management system to activities in medicine, industry, agriculture, research
and education that generate radioactive waste.
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Siting of radioactive waste management facilities

5.156. Siting is an important process for radioactive waste management
facilities. Site characterization supports siting decisions, but also continues after
site selection. Site characterization is an important process that contributes to the
development of sufficient understanding of the site and that supports development
of the safety case for the facility. This is especially the case for disposal facilities
because the site forms part of the disposal system and contributes to the safety of
disposal. The siting process for radioactive waste management facilities should be
clearly defined, transparent and agreed among interested parties, as appropriate.
The process should enable the necessary site characterization activities and
safety case development work to inform decisions regarding the selection of a
site and the design and development of the facility. Siting decisions should be
evidence based, and consideration should be given to the views of interested
parties. Recommendations on the siting of different types of radioactive waste
management facility are provided in the following Safety Guides:

(a) TAEA Safety Standards Series No. WS-G-6.1, Storage of Radioactive
Waste [44];

(b) TAEA Safety Standards Series No. SSG-1, Borehole Disposal Facilities for
Radioactive Waste [45];

(c) TAEA Safety Standards Series No. SSG-14, Geological Disposal Facilities
for Radioactive Waste [46];

(d) TAEA Safety Standards Series No. SSG-29, Near Surface Disposal Facilities
for Radioactive Waste [47].

5.157. The management system for radioactive waste management should
include a process and procedures for developing and implementing a reasoned,
scientifically based site characterization programme. The site characterization
programme should be designed to collect information, as necessary, to assess and
demonstrate safety and inform the design of the facility. The management system
should include a process and procedures for the periodic review and modification
of the site characterization programme as data are collected.

5.158. In accordance with the graded approach, the scale and duration of the
site characterization programme should reflect the magnitude of the hazard posed
by the waste to be managed and the complexity of the situation. For example,
the site characterization programmes for a small waste store and for a borehole
disposal facility for a small inventory of disused sealed radioactive sources
(see SSG-1 [45]) might be considerably less extensive than that for a geological
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disposal facility for high level radioactive waste, especially one for a wide range
of waste streams (see SSG-14 [46]).

5.159. The management system should include a process and procedures for
the operating organization, particularly for that of a disposal facility, to ensure
that site characterization does not unduly disturb the surrounding environment
(e.g. the hydrogeochemical environment). This should include monitoring
procedures, as appropriate, to determine the extent of disturbance by site
characterization activities.

5.160. A systematic process should be defined and applied for collecting
and analysing site characterization and environmental data in support of site
selection, the development of the safety case, facility design and, where needed,
the development of an environmental impact assessment. Such data should be
collected prior to facility construction, during construction, during operation
and after the closure of a disposal facility as required by the safety case and any
applicable regulations. Recommendations on the preparation of an environmental
impact assessment are provided in IAEA Safety Standards Series No. GSG-10,
Prospective Radiological Environmental Impact Assessment for Facilities and
Activities [48].

5.161. All new data should be collected in accordance with the management
system. Written procedures should be developed and used to ensure that data
collected are of high quality, that the methods and instruments used for data
collection are appropriate and properly calibrated, and that the data collected
are fully and thoroughly documented. When developing these procedures,
consideration should be given to the number of replicate and repeat measurements
needed, as determined by appropriate statistical methods. Consideration should be
given to the need for the peer review of data collection activities and results. The
data should be traceable to their origin and should be developed into a coherent,
well documented description and interpretation of site characteristics. The
management system should, as appropriate, include processes and procedures for
the qualification of data (see e.g. Ref. [49]) that were not collected in accordance
with the management system.

5.162. The process and procedures for site characterization included in the
management system should facilitate the development of the safety case and the
conduct of safety assessments, and should allow for the prompt identification of
potentially significant gaps in information.
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5.163. Theinitiation offield based activities ata site—surveys, forexample—may
heighten the awareness of local people and other interested parties. The process
for initiating on-site activities should be carefully planned and implemented. The
process should include complying with all applicable regulatory requirements,
including giving appropriate notifications to the regulatory body, and engaging
with local people and other interested parties, for example on the following:

(a) Which field based activities could be conducted;
(b) What the objectives and limits of the field based activities could be;
(c) How decisions regarding the field based activities could be taken.

5.164. A carefully designed and agreed site characterization programme
(e.g. involving non-intrusive techniques such as surface based geophysics) should
be developed and followed in order to develop a sufficient understanding of the
baseline conditions (e.g. environmental, hydrogeochemical) at the site before
it is subject to significant disturbance by intrusive activities (e.g. the drilling of
boreholes, excavation).

Design of radioactive waste management facilities and activities

5.165. The management system should recognize that the design process for a
radioactive waste management facility should be part of a larger iterative process
of optimization that involves the development of the safety case for the facility
(see para. 5.3 of GSR Part 5 [3] and para. 4.12 of SSR-5 [4]). Site knowledge,
facility design and safety arguments and assessments should be refined iteratively
to develop a robust safety case and well founded technical specifications to ensure
that the facility will be safely constructed, operated and closed or decommissioned,
as appropriate. Typically, this proceeds as follows:

(a) Development of a preliminary, conceptual design for the radioactive waste
management facility;

(b) Assessment of the level of safety that would be provided by the conceptual
design for different combinations of waste, facility characteristics, site
properties and assumed system performance (e.g. the behaviour of the host
rocks for a geological disposal facility);

(¢) Evaluation of the robustness and reliability of the design using the results of
the safety assessment and other safety case arguments;

(d) Refinement, as necessary, and more detailed specification of the design in
order to improve safety, environmental protection and the overall feasibility
of the design;

(e) Revision of the safety case using the revised design.
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5.166. The optimization process described in para. 5.165 is usually repeated
several times until a coherent set of detailed specifications for the facility design
and associated safety assessments are obtained and compiled in the safety case.
The management system should include processes for appropriate review and
approval of the facility design. The operating organization should ensure that
there is regular and frequent communication and reporting of progress between
the organizations involved in safety assessment and facility design.

5.167. The management system should ensure that the facility includes design
features and measures (including inspections, maintenance of structures, systems
and components, and monitoring) to optimize protection and safety and waste
management activities, and to facilitate operation and closure or decommissioning,
as appropriate.

5.168. Themanagement system should include specific procedures for the design
of facilities and activities for the management of heat generating waste (including
the processing and interim storage of liquid high level waste (see WS-G-6.1 [44],
Refs [50-52] and IAEA Safety Standards Series No. SSG-42, Safety of Nuclear
Fuel Reprocessing Facilities [53]) and the storage of spent fuel that is considered
radioactive waste (see IAEA Safety Standards Series No. SSG-15 (Rev. 1),
Storage of Spent Nuclear Fuel [54])). Particular consideration should also be
given to the thermal dimensioning of disposal facilities for high level radioactive
waste, which involves determining appropriate combinations of waste thermal
power, waste package and disposal tunnel spacing, and temperatures, particularly
in the engineered barrier system, given the environmental conditions and thermal
properties of the disposal site (see Refs [55, 56]).

5.169. The management system should include processes to acquire, review,
track, quantify and qualify all design data and to demonstrate their suitability
before they are used as input data in any system, computer program or computer
model. This includes data from literature searches, laboratory tests, field tests and
observations, seismic analyses, monitoring and measurements, and test results
from other relevant sources.

5.170. There are always uncertainties associated with data, including data
on natural systems and data on engineered structures and components. The
management system should ensure that uncertainties in data and the basis for
their estimation are clearly documented so that these uncertainties can be taken
into account during the facility design and safety assessment process.
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5.171. The management system should include a process for ensuring that
lessons, knowledge and experience from comparable facilities and projects,
including those conducted nationally and internationally, are taken into account at
all stages in the design of a radioactive waste management facility.

Construction of radioactive waste management facilities

5.172. The management system should include a process and procedures
to ensure that the facility is constructed in accordance with the design, as
described in the safety case approved by the regulatory body, the conditions of
the authorization and any other relevant requirements (e.g. for environmental
protection during construction works) (see Requirement 18 of GSR Part 5 [3] and
Requirement 17 of SSR-5 [4]).

5.173. The management system should include the establishment of clear lines
of communication between the organizations involved in safety assessment,
facility design and construction. Procedures should be put in place for the control
and issue of design information and work instructions. The operating organization
should ensure that there is regular and frequent communication and reporting of
progress between the organizations involved in safety assessment, facility design
and construction.

5.174. The management system should include a process and procedures
to ensure that, prior to starting construction, the construction organization
confirms that the information it has from the design process is up to date and
properly informed by the current understanding of site conditions. Procedures
should also be included for the gathering of information during construction
(e.g. on the nature of the geological formations and their physical-mechanical and
hydrogeochemical responses to the construction activities), for the interpretation
of this new information and for the updating of the safety case and the facility
design, as necessary.

5.175. The management system should include a process and procedures for
the operating organization, particularly of disposal facilities, to ensure that the
construction works do not unduly disturb the surrounding (e.g. hydrogeochemical)
environment. This should include appropriate monitoring to determine the extent
of disturbance caused by the construction of the facility. The operator of a
geological disposal facility should include in its management system a process
and procedures for responding to unexpected rock and groundwater conditions
that may be encountered during construction.
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5.176.  With regard to the construction of radioactive waste disposal facilities,
para. 4.33 of SSR-5 [4] states that “Sufficient flexibility in engineering techniques
has to be adopted to allow for variations to be encountered, such as variations in
rock conditions or groundwater conditions in underground facilities.”

5.177. The management system should include procedures to demonstrate
that any changes to the construction approach, facility design or detailed layout
are consistent with safety and are documented together with information on the
associated decision making processes.

Operation of radioactive waste management facilities

5.178. The management system should include a process and procedures to
ensure that facilities are operated in accordance with applicable international
standards, national regulations, authorization conditions and the design
assumptions described in the safety case approved by the regulatory body.

5.179. The management system should include a process and procedures for
the measurement and recording of appropriate data with which to identify and
characterize waste at each step in the waste management programme. The process
and procedures should ensure that all measurements are made with appropriately
calibrated equipment, and that waste items (e.g. individual waste packages) are
identified in a unique way and the identification is traceable to the associated
records. The procedures should include consideration and specification of the
levels of variability and uncertainty in the waste characterization data that are
acceptable. Appropriate records should be kept of the inventory of radioactive
waste in individual waste packages, particularly in cases where the waste stream
might be heterogeneous; these records should focus on waste and radionuclides
that are important to safety. The procedures should take account of the need for
continued identification and characterization of waste even if a waste item is
divided or modified (e.g. repackaged).

5.180. The management system should include a process and procedures to
ensure that it is readily possible to determine the history of a waste item from
its documentation. This involves ensuring that information on the nature and
history of the waste item is retained and is made available when needed. This is
particularly pertinent for radioactive waste that has been emplaced in radioactive
waste storage and disposal facilities, especially where the storage conditions are
potentially corrosive. The methods used for the physical identification of waste
items should be suitably durable. The status of a waste item should be marked
either directly on the item, or in documents that are traceable to the item, or both,
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depending on the circumstances. Consideration should be given to the effects of
any marking of waste packages on their degradation. The status of a waste item
may in addition be indicated by tags, stamps or other suitable means.

5.181. The management system should include a process and procedures for the
development of waste package specifications for the radiological, physical and
chemical characteristics of waste and waste packages. The specifications should
also identify which sources may be cleared from regulatory control and which
substances may be discharged from waste management facilities.

5.182. The feasibility of satisfying the waste acceptance criteria in successive
waste management steps should be taken into account when defining waste
package specifications. The management system should include provisions
to ensure that the waste package specifications are consistent with the safety
assessments, especially the safety assessments for waste storage and disposal.

5.183. Specification of waste package characteristics alone might be insufficient,
given the impracticality of testing some active waste forms and waste packages.
In such cases, the management system should include provisions to ensure that
waste specifications also include the composition of feed materials, so that any
unexpected variation in the composition of feed materials prompts a reassessment
or a non-conformance designation, as appropriate. The management system
should also include a procedure for defining the critical operating parameters
(e.g. maximum temperatures) of waste processing processes on the basis of the
relevant safety assessment.

5.184. The management system should include a process for ensuring that
the relevant organizations are involved in deriving and agreeing specifications
for waste and waste packages. These organizations will normally include the
following:

(a) The operating organization of the disposal facility;

(b) The generator of the waste;

(c) The owner of the waste (where appropriate);

(d) The operating organizations of predisposal management facilities;
(e) The regulatory body.

5.185. The management system should include a process for ensuring that the
specifications for waste and waste packages are used, where relevant, by any
organizations that supply services, that manufacture or supply waste containers,
or that condition waste.
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Waste acceptance at radioactive waste management facilities

5.186. Waste acceptance criteria that are consistent with the safety case are
required to be derived by the operating organization of a radioactive waste
management facility (see Requirement 12 of GSR Part 5 [3] and Requirement 20
of SSR-5 [4]). The waste acceptance criteria should also be consistent with other
relevant requirements, including those relating to the transport of the waste. The
waste acceptance criteria should be discussed with, and explained to, the waste
generators and other organizations involved in the management of the waste and
should be agreed with the regulatory body.

5.187. The management system should include procedures for waste acceptance
to ensure that the facility only accepts waste that is consistent with the safety
case. The management system should include processes and procedures to
regularly maintain safety equipment and, in particular, to ensure that equipment
used for waste acceptance purposes is suitably calibrated on a regular basis.
As stated in para. 4.26 of GSR Part 5 [3], “The operators’ procedures for the
reception of waste have to contain provisions for safely managing waste that fails
to meet the acceptance criteria; for example, by taking remedial actions or by
returning the waste.”

5.188. The management system for a storage facility for radioactive waste should
include provisions to ensure that prior to storing waste the following are confirmed:

(a) The waste meets the waste acceptance criteria for the facility.

(b) The waste is properly identified.

(c) The required documentation and records are available and acceptable.

(d) All necessary processes for waste processing have been undertaken and
completed satisfactorily.

(e) The waste and waste packages do not show signs of unacceptable
deterioration.

(f) If applicable, measures for criticality control are in place, are effective and
are maintained.

(g) The intended movements of waste within the storage facility can be
performed safely, preclude inadvertent criticality and optimize occupational
exposures.

(h) Procedures are in place for the following:

(i) Monitoring the integrity of waste packages;
(ii) Monitoring and controlling environmental conditions in the store
(e.g. temperature, humidity, ventilation);
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(1)

(iii) Surveillance of the store and of the status of equipment to facilitate
maintenance and replacement, as needed, and surveillance for the
detection of unintended events and accidents and mitigation of
consequences;

(iv) Ensuring that waste can be readily identified, located and accessed for
inspection and retrieval.

Suitable locations and storage capacity exist within the facility.

5.189. The management system for a disposal facility for radioactive
waste should include provisions to ensure that prior to emplacing waste the
following are confirmed:

(a)
(b)
(©)
(d)
(e
®
(&)

(h)

(1)

The waste meets the waste acceptance criteria for the facility.

The waste is properly identified.

The required documentation and records are available and acceptable.

All necessary processes for waste processing have been undertaken and

completed satisfactorily.

The waste and waste packages do not show signs of unacceptable

deterioration.

If applicable, measures for criticality control are in place, are effective and

are maintained.

Intended movements of waste within the disposal facility can be performed

safely, preclude inadvertent criticality and optimize occupational exposures.

Procedures are in place for the following:

(i) Monitoring the integrity of waste and waste packages;

(ii) Monitoring and controlling environmental conditions in the disposal
facility (e.g. temperature, humidity, ventilation, rock fall, water
inflow);

(i) Surveillance of the disposal facility and of the status of equipment to
facilitate maintenance and replacement, as needed, and surveillance
for the detection of unintended events and accidents and mitigation of
consequences;

(iv) Ensuring that waste can be readily identified, located and accessed for
inspection.

Suitable locations and space exist within the facility for the waste. The
management system for geological disposal facilities may also need to
include a process and procedures to ensure the suitability of the host rock
surrounding the disposal locations (see e.g. Ref. [57]). Such a process might,
for example, seek to avoid locations in highly fractured or hydraulically
conductive rock.
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5.190. The management system should contain procedures to ensure
conformance of waste to the relevant waste acceptance criteria for the facility, and
this should be independently verified by personnel other than those who prepared
the waste and waste packages. The manner in which such verifications are carried
out will differ in accordance with the waste and with a graded approach. For
example, for low level radioactive waste that can be safely handled manually,
verification may consist of directly examining and measuring the characteristics
of the individual waste packages. This method is unlikely to be acceptable for
intermediate level radioactive waste or high level radioactive waste packages
because of the high radiation levels generated. For packages containing waste
of these types, verification should be carried out using a combination of indirect
methods, such as the following:

(a) Video surveillance of the waste management processes (e.g. waste
immobilization by cementation or vitrification, testing of package closure
welds);

(b) Sample checks on activities critical to the quality of waste packages
(e.g. production of metal used to fabricate metal containers, preparation of
concrete for overpacks);

(c) Remote measurement of radiation levels around packages and video
surveillance checks of the external condition of packages;

(d) Examination of the data recorded for each waste package.

Waste emplacement and installation of engineered barriers

5.191. The management system for a radioactive waste management facility
should include provisions to ensure that waste is emplaced in the facility in
accordance with the safety case and in compliance with the authorization for the
facility, and that waste emplacement is undertaken in accordance with defined
procedures. These procedures should specify how operating personnel should
respond to the occurrence of unintended events and accidents, for example
equipment failure or the dropping of a waste package.

5.192. The management system for a radioactive waste disposal facility should
include processes and procedures to ensure that only appropriate materials
are used in constructing engineered barriers and that the engineered barriers
are manufactured and emplaced or installed in accordance with the design
requirements and the safety case and as approved by the regulatory body. One
approach to this is the compilation of relevant information and the definition of
‘production lines’ for the construction of disposal facility components such as
waste packages, buffer, backfill and closure (see e.g. Ref. [58] and references
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therein), and the implementation of arrangements for the inspection of engineered
barriers. These arrangements should address the supply of materials, their quality
management, their interim storage under suitable environmental conditions,
barrier manufacture and installation, and barrier inspection and testing. The
management system should take into account the various restrictions that may
be imposed on the manufacture, emplacement and installation of barriers, for
example by environmental conditions, interactions between different materials,
interactions with other ongoing construction processes, the rate of disposal of
radioactive waste and the rate at which engineered barriers need to be installed.
The management system should also include procedures to record the quantities
of other (i.e. non-radioactive) materials emplaced in a disposal facility so that
their possible effects on safety can be assessed.

5.193. Consideration should be given to the demands that will be placed on
the structures, systems and components by the conditions that might occur in
the facility. Waste stores may experience considerable temperature changes.
Radioactive waste disposal facilities might at different times be hot, dry, dusty,
humid, wet or cold. Account should also be taken of any restrictions on operations
(e.g. due to limited space and accessibility, or high radiation levels).

5.194. Themanagement system should include procedures for fully documenting
the inventory of waste received at and emplaced in the facility, including details of
the radionuclides and activity levels, relevant properties of the waste forms and the
locations of the waste packages emplaced in the facility. The management system
should include a process and procedures to ensure that the waste emplacement
plans are developed in accordance with the waste acceptance criteria and the
assumptions in the safety case (e.g. to prevent undesirable interactions between
different wastes, to prevent criticality).

Decommissioning or closure of radioactive waste management facilities

5.195. The management system should include a process and procedures
to ensure that radioactive waste management facilities are decommissioned or
closed, as appropriate, in accordance with the conditions of the authorization and
the relevant decommissioning plan and safety case (see also Requirement 20 of
GSR Part 5 [3] (in relation to decommissioning) and Requirement 19 of SSR-5 [4]
(in relation to closure)).

5.196. Requirements for the management system for the decommissioning of

facilities, including predisposal management facilities, are established in IJAEA
Safety Standards Series No. GSR Part 6, Decommissioning of Facilities [59]. In
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particular, Requirement 7 of GSR Part 6 [59] states that “The licensee shall ensure
thatits integrated management system covers all aspects of decommissioning.”
Paragraph 4.2 of GSR Part 6 [59] states that “The integrated management system
shall enable the planning and implementation of decommissioning actions with
the prime goal of ensuring that decommissioning is conducted safely.”

5.197. In accordance with paras 4.4 and 4.6 of GSR Part 6 [59],
decommissioning is required to be conducted by suitably qualified and
experienced personnel and controlled by the use of written procedures.

5.198. The management system should include processes and procedures
to ensure that there is traceability for all waste generated, including during
decommissioning. This involves maintaining up to date records of the waste
generated, stored in the facility and transferred to another authorized facility,
specifying the waste quantities, characteristics, treatment methods and destination.

5.199. Requirement 19 of SSR-5 [4] states:

“A disposal facility shall be closed in a way that provides for those
safety functions that have been shown by the safety case to be important
after closure. Plans for closure, including the transition from active
management of the facility, shall be well defined and practicable, so
that closure can be carried out safely at an appropriate time.”

5.200. The management system should include plans for the sealing of any
preferential pathways (i.e. routes for the migration of radionuclides) that may
have been introduced as a result of site characterization or other investigations or
of the construction and operation of the disposal facility (e.g. by the drilling of
boreholes or the opening of fractures).

5.201. The management system should include processes and procedures to
ensure that the disposal system remains safe and that records are adequately
maintained after the closure of the facility. Requirement 22 of SSR-5 [4] states:

“Plans shall be prepared for the period after closure to address
institutional control and the arrangements for maintaining the
availability of information on the disposal facility. These plans shall be
consistent with passive safety features and shall form part of the safety
case on which authorization to close the facility is granted.”
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Monitoring of radioactive waste management facilities

5.202. The management system should include a process and procedures to
ensure that facilities are monitored in accordance with the authorization and with
the safety case approved by the regulatory body.

5.203. Prior to the construction and operation of a radioactive waste disposal
facility (or any associated underground research facility), monitoring should be
carried out to gather information and thereby provide a baseline of the existing,
undisturbed (e.g. hydrological, geochemical) conditions at the site. Further
recommendations on establishing these baseline conditions are provided in IAEA
Safety Standards Series No. SSG-31, Monitoring and Surveillance of Radioactive
Waste Disposal Facilities [60].

5.204. The management system should also include provisions for the
establishment of a monitoring programme to be implemented during the operation
of the radioactive waste management facility. This programme should gather
information to confirm the safety of workers and members of the public, the
protection of the environment and the condition of the facility. This will include,
for example, monitoring radiation levels and contamination levels, as well as other
parameters, as appropriate, such as ventilation, humidity, groundwater conditions,
rock creep and rock stress, and temperature. Monitoring should also be carried
out during the operational period to confirm the absence of any conditions that
could affect the safety of the site after facility decommissioning or closure, as
appropriate. The management system should include procedures, as necessary, for
the monitoring of active control systems (e.g. temperature, humidity, ventilation,
alarm systems), of waste package integrity, of other relevant equipment (e.g. for
the detection and mitigation of accidents) and of the maintenance of waste package
identification measures.

5.205. Particular consideration should be given in the management system to
the need to develop and implement monitoring programmes for long periods
of radioactive waste storage, disposal facility operation and post-closure active
institutional control of disposal facilities. These monitoring programmes should
be developed by considering the following:

(a) Regulatory requirements;

(b) The objectives of monitoring;

(c) The views of interested parties;

(d) The characteristics of the facility and the site and its surroundings;
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(e) The events and processes that may affect the facility (e.g. earthquakes,
corrosion and other waste degradation processes);
(f) The practicalities of monitoring and the available technologies.

5.206. The monitoring programmes and their justification should be documented
in the safety case.

5.207. The management system should include procedures for taking actions, as
necessary, in response to the results obtained from the monitoring programme and
for communicating with interested parties on monitoring results.

5.208. Further recommendations on monitoring and surveillance of radioactive
waste disposal facilities are provided in SSG-31 [60].

6. CULTURE FOR SAFETY

6.1. Requirement 12 of GSR Part 2 [5] states that “Individuals in the
organization, from senior managers downwards, shall foster a strong safety
culture. The management system and leadership for safety shall be such as to
foster and sustain a strong safety culture.”

6.2. Senior management should be committed to developing a culture for safety,
and should communicate this within the organization and demonstrate this through
their own actions.

6.3. Paragraph 5.2 of GSR Part 2 [5] states:

“Senior managers and all other managers shall advocate and
support the following:

(a) A common understanding of safety and of safety culture, including:
awareness of radiation risks and hazards relating to work and to
the working environment; an understanding of the significance of
radiation risks and hazards for safety; and a collective commitment to
safety by teams and individuals;

(b)  Acceptance by individuals of personal accountability for their attitudes
and conduct with regard to safety;
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(©
(d)

(e)

®

(2
(h)

An organizational culture that supports and encourages trust,
collaboration, consultation and communication;

The reporting of problems relating to technical, human and
organizational factors and reporting of any deficiencies in structures,
systems and components to avoid degradation of safety, including the
timely acknowledgement of, and reporting back of, actions taken;
Measures to encourage a questioning and learning attitude at all levels
in the organization and to discourage complacency with regard to
safety;

The means by which the organization seeks to enhance safety and
to foster and sustain a strong safety culture, and using a systemic
approach (i.e. an approach relating to the system as a whole in which
the interactions between technical, human and organizational factors
are duly considered);

Safety oriented decision making in all activities;

The exchange of ideas between, and the combination of, safety culture
and security culture.”

6.4. Managers should also support the identification of relevant actual and
potential incidents (including accidents) and non-conformances and be involved
in discussions on how these should be rectified and prevented in the future.

6.5. The highest level of documentation in the management system should
make leadership for safety the utmost priority, forming a basis for promoting
safety culture. The management system documentation should describe the
responsibilities of leadership roles (e.g. senior managers, managers) and of the
roles of workers for safety and for the development, implementation and fostering
of a culture for safety. Internal communication relevant to fostering a culture for
safety should cover aspects such as the following:

(@)
(b)
(©
(d)

(©)
®

(2

Management policy, objectives and strategy;

The management system documentation;

Assessments of the culture for safety;

Processes and procedures for conducting radioactive waste management
activities;

Organizational changes;

The safety case for the facility and activities, the status of waste management
activities, and plans for the future;

Technical and quality management issues (e.g. problems and their resolution,
planned improvements and innovations);
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(h) Radiation protection issues (e.g. trends in occupational exposure and in
releases to the environment, evaluation of incidents, including accidents);

(i) Regulatory and statutory issues (e.g. the preparation of information to fulfil
regulatory requirements and licence conditions, preparation for new laws
and requirements on radiation protection and safety, on waste management
and on environmental protection).

6.6. A strong culture for safety supports the safe and successful conduct of
activities in accordance with the management system. A culture for safety is also
an important aspect of organizational effectiveness, safety performance and human
performance. A questioning attitude to prevent mistakes, a ‘no-blame’ attitude
(including a commitment to the freedom to express ideas) and self-reflection
should be demonstrated by all individuals. The management system should
include provisions to ensure that individuals can raise safety issues without fear
of penalty, harassment, intimidation, retaliation or discrimination.

6.7. The management system should support the development, implementation
and continued enhancement of a strong culture for safety, for example by
promoting the adoption of best practices, regardless of the type, scale, complexity,
duration and evolution of the waste management activities.

6.8. The management system should contain provisions to support a culture for
safety throughout all levels in the organizations involved in the waste management
process and for all stages in the lifetime of a waste management facility or activity.

6.9. Senior management should ensure that working conditions and arrangements
promote a strong culture for safety and improve the motivation and competence
of personnel. The management system should include provisions to ensure that
the management and supervision of waste management activities encourage safe
ways of working.

6.10. There are specific aspects of radioactive waste management to be taken into
account when fostering a culture for safety, as follows:

(a) Individuals should not only consider immediate and short term safety,
but should also consider the longer term safety implications of activities,
which in some instances might not be manifested until several generations
later; the management system should provide individuals with sufficient
knowledge to do this. The management system should aim to engender and
implement an enduring culture for safety, for example to ensure consistency
in the production of high quality waste containers and waste packages, in the
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(b)

(©

(d)

(©)

®

7.1.

monitoring of waste and facility degradation, and in the keeping of records
over the potentially very long period of time for which the radioactive waste
will remain hazardous.

The waste hierarchy should be applied and the generation of radioactive
waste should be minimized.

Where radioactive waste is transferred to other organizations, the safety
implications of the actions undertaken at a facility might impact on the
receiving organization.

Mistakes in radioactive waste management could lead to non-conforming
waste packages, which consequently may have no identified treatment or
disposal route; although there might be no immediate safety consequence,
a legacy could be left for subsequent generations to manage (see also
paras 5.118-5.120).

Personnel, particularly at underground facilities, can sometimes be exposed
to non-radiological safety risks that are greater than those posed by
radiological hazards. The operating organization should ensure that risks
are considered in an integrated manner and that effective overall controls
are put in place.

Personnel should use the safety case to determine an appropriate balance
between operational safety and post-closure safety at radioactive waste
disposal facilities.

7. MEASUREMENT, ASSESSMENT AND

IMPROVEMENT OF THE MANAGEMENT SYSTEM

Requirement 13 of GSR Part 2 [5] states that “The effectiveness of the

management system shall be measured, assessed and improved to enhance
safety performance, including minimizing the occurrence of problems
relating to safety.”

7.2.

In particular, GSR Part 2 [5] states:

“6.1. The effectiveness of the management system shall be monitored
and measured to confirm the ability of the organization to achieve the
results intended and to identify opportunities for improvement of the
management system.
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“6.2. All processes shall be regularly evaluated for their effectiveness and
for their ability to ensure safety.

“6.3. The causes of non-conformances of processes and the causes of safety
related events that could give rise to radiation risks shall be evaluated and
any consequences shall be managed and shall be mitigated. The corrective
actions necessary for eliminating the causes of non-conformances, and for
preventing the occurrence of, or mitigating the consequences of, similar
safety related events, shall be determined, and corrective actions shall be
taken in a timely manner. The status and effectiveness of all corrective
actions and preventive actions taken shall be monitored and shall be reported
to the management at an appropriate level in the organization.

“6.4. Independent assessments and self-assessments of the management
system shall be regularly conducted to evaluate its effectiveness and to
identify opportunities for its improvement. Lessons and any resulting
significant changes shall be analysed for their implications for safety.

“6.5. Responsibility shall be assigned for conducting independent
assessments of the management system. The organizations, entities
(in-house or external) and individuals assigned such responsibilities
shall be given sufficient authority to discharge their responsibilities and
shall have direct access to senior management. In addition, individuals
conducting independent assessments of the management system shall not
be assigned responsibility to assess areas under the responsibility of their
own line management.

“6.6. Senior management shall conduct a review of the management system
at planned intervals to confirm its suitability and effectiveness, and its
ability to enable the objectives of the organization to be accomplished, with
account taken of new requirements and changes in the organization.

“6.7. The management system shall include evaluation and timely use
of the following:

(a) Lessons from experience gained and from events that have occurred,
both within the organization and outside the organization, and lessons
from identifying the causes of events;

(b) Technical advances and results of research and development;

(c) Lessons from identifying good practices.



“6.8. Organizations shall make arrangements to learn from successes
and from strengths for their organizational development and
continuous improvement.”

7.3. In cases where radioactive waste has long term safety, societal or economic
implications, organizations that were not originally interested parties could, in
future, inherit responsibility for managing the waste and the associated facilities.
The management system should be sustainable and include provision for its
own review in a planned manner to maintain confidence that it will evolve to
accommodate changes in management goals, strategies, plans and objectives,
in order to meet the needs of future interested parties. Organizations involved
in radioactive waste management should establish and implement a formal
management review process aimed at the improvement of the management system.

7.4. The evaluation of the effectiveness of processes in accordance with
para. 6.2 of GSR Part 2 [5] should address all stages of radioactive waste
management, including the transfer of radioactive waste between organizations
(see para. 5.45). Planning should be done to ensure that monitoring and
measurement of the effectiveness of the management system will be continued, as
appropriate, during any long periods of radioactive waste storage, disposal facility
operation or institutional control of a disposal facility.

7.5. Self-assessment of the management system should include consideration
of the following:

(a) Any changes in organizational structure or in the assignment of
responsibilities and financial liabilities that could have an effect on
radioactive waste management. This should include a consideration
of relevant changes at the national level and, where appropriate, at the
international level.

(b) The continuation of assessments over long periods, where necessary, for
radioactive waste storage and for the operation of a disposal facility as well
as for the post-closure period of institutional control.

7.6. Where assessments and self-assessments are performed in relation to the
management system for the predisposal management of radioactive waste, the
following aspects should be confirmed:

(a) Process variables and controls have not changed from those established in

the original validated processes, as described in the safety case approved by
the regulatory body.
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(b)
(©
(d)

(©)

)
(2

(h)
(1)

Inspections and measurements are being performed in accordance with the
management system, and the associated records are being maintained.

The ownership and characteristics of waste are traceable through any
transfers of waste, and proper controls are implemented during storage.
The instrumentation used to monitor or control waste management activities
has not degraded in service and has not been modified without proper
change control.

Critical parameters associated with waste acceptance criteria or other
specifications are being controlled within established limits.

Facilities are being operated in accordance with regulatory requirements.
Waste management activities are conducted in a manner that is consistent
with the relevant safety assessments.

Waste packages and containers qualified by performance based testing are
used within their qualification limits.

Regulatory requirements and conditions in authorizations that relate to
waste specifications and waste acceptance criteria have been addressed and
are being met.

7.7. Where assessments and self-assessments are performed in relation to the
management system for the disposal of radioactive waste, the following aspects
should be confirmed:

(@)

(b)

(©

82

During the site evaluation stage: Sufficient information is gathered about

the nature of the site, including the geological formations, to establish

baseline conditions before the site is disturbed by construction activities.

All site characterization data can be traced to their origin, and associated

uncertainties are adequately described and explained.

During the design stage: The understanding of the site, the design of the

facility and the safety case (including the supporting safety assessments)

are being developed concurrently in an integrated fashion, and the final
descriptions are adequate and mutually consistent.

During the construction stage:

(i)  Sufficient information is being gathered about the disturbance of the
site by construction activities, including the response of the geological
formation and of the geochemical and geohydrological conditions to
any perturbations induced by the construction activities.

(i) Construction activities are being carried out in accordance with the
safety case and the authorization issued by the regulatory body, and in
a manner that facilitates the optimization of the actual facility layout
(e.g. in relation to the host geological formation).

(iii)) The construction materials are of the required quality.



(d)

(©)

®

(iv)

Construction works meet the design requirements.

During the commissioning stage: Activities are being performed in
accordance with documentation, appropriate data are being collected
and records are being prepared and maintained, and interfaces between
commissioning and operations activities are defined.

During the operational stage:

(@)

(i)
(iii)

(iv)

™)

All prerequisites are being met before waste is emplaced (e.g. waste
packages are being checked against and are satisfying the acceptance
criteria).

Waste is being emplaced in accordance with the safety case and the
authorization issued by the regulatory body.

Monitoring is being conducted in accordance with the monitoring
programme and the associated records are being maintained, and
monitoring instrumentation has not degraded in service and has not
been modified without proper change control.

The safety case and safety assessments are being periodically reviewed
in a systematic, planned manner and are being updated as necessary
in the light of new data, and any necessary actions are being taken
to ensure the continued safety of the facility and waste management
activities.

Any backfilling, sealing and other activities are being carried out in
accordance with the safety case and the authorization issued by the
regulatory body.

During the closure and post-closure stages:

(@)

(i)

(iii)

(iv)

Backfilling, sealing and other activities and closure of the facility
are being carried out in accordance with the safety case and the
authorization issued by the regulatory body.

Monitoring is being conducted in accordance with the monitoring
programme and the associated records are being maintained, and
monitoring instrumentation has not degraded in service and has not
been modified without proper change control.

The safety case and safety assessments are being periodically reviewed
in a systematic, planned manner and are being updated as necessary
in the light of new data, and any necessary actions are being taken
to ensure the continued safety of the facility and waste management
activities.

Appropriate information on the condition of the radioactive waste
disposal facility has been transferred if responsibility for the facility
has been transferred.
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7.8. Individuals at all levels in the organization should review their work
critically to identify areas for improvement. Formal assessments to verify the
implementation and effectiveness of the management system may be performed
by any of the following:

(a) An organizational unit within the organization itself, which is independent
of cost pressure or production pressure, and is independent of the line
management responsible for managing and implementing the process being
assessed;

(b) Other organizations in the waste management programme;

(¢) The regulatory body or other national or local authorities;

(d) International organizations;

(e) A suitably qualified and experienced external organization.

7.9. In conducting reviews of the management system, consideration should be
given to whether the structure and content of the management system are still
suitable, adequate and effective, especially if the waste management activities
continue for a long time or if there is a long period of active institutional control
after closure. In such reviews, experience gained from the waste management
programme and experience from other facilities and programmes within the State
and in other States should be taken into account.

7.10. Reviews of the management system for a radioactive waste management
programme should address all aspects of the management system on a periodic
basis. The frequency of such reviews should be justified and agreed with the
regulatory body, and should take into account the following:

(a) Changes in organizations;

(b) Changes in the governmental, legal and regulatory framework;
(¢) Changes in waste management activities;

(d) Significant non-conformances detected;

(e) The need to verify the adequacy of any corrective actions.

7.11. The management system should include a process through which deficiencies
are addressed and potential improvements are identified and implemented.
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7.12. Reviews of the management system for predisposal management facilities
and activities may focus on specific aspects, such as the following:

(a) The specific radioactive waste management activities (e.g. pretreatment,
treatment, conditioning, storage) under the control of the organization being
assessed;

(b) The safety case and safety assessments for these activities;

(c) The quality of waste packages produced.

7.13. Reviews of the management system for radioactive waste disposal facilities
may focus on specific aspects, such as the following:

(a) Site characterization and the disposal concept;

(b) Facility design and safety case development;

(c) Research and development projects and results;

(d) The quality of waste packages and their performance in fulfilling their
safety functions;

(e) Specific activities such as excavation, waste emplacement and engineered
barrier construction;

(f) Performance of the disposal facility during operation;

(g) Arrangements for closure of the facility and for institutional control;

(h) The safety case;

(i) The performance of the radioactive waste disposal facility as may be
determined by monitoring of the disposal system.

7.14. The reviews of the management system should also aim to identify potential
non-conformances and recommend actions to prevent their occurrence. This is
particularly important when waste management activities are carried out by a
number of different organizations, when organizational arrangements change and
during long periods of waste storage and disposal facility operation.

7.15. Senior management should support the reviews of management system
processes by encouraging the effective identification and correction of
non-conformances and monitoring the corrective actions.

7.16. In addition to identifying lessons from operating experience (including near
misses) and from incidents (including accidents) (see para. 6.7 of GSR Part 2 [5]),
benchmarking by interaction with the operating organizations of other relevant
facilities, as appropriate, may also identify potential improvements that warrant
consideration.
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7.17. Action plans should be developed that identify how, where and when
improvements may be made to the management system and to processes. These
plans should specify how the improvements will be evaluated to demonstrate that
they have been achieved.

7.18. Goals for continuous improvement (e.g. to minimize the number of
non-conformances over time) should be embedded in the overall plans and
objectives of the organization to demonstrate that continuous improvement is an
integral part of normal business and that senior management is fully committed
to its success.

7.19. Requirement 14 of GSR Part 2 [5] states that “Senior management shall
regularly commission assessments of leadership for safety and of safety
culture in its own organization.”

7.20. The operating organization should commit to the achievement of high
standards of leadership for safety and culture for safety by using self-assessments
in which performance is evaluated by reference to internal indicators or by
comparison with the performance of other organizations. Self-assessment may
involve self-evaluation, self-inspection or self-audit. Senior management is
required to ensure that such self-assessment makes use of recognized experts in
the assessment of leadership and of safety culture (para. 6.9 of GSR Part 2 [5]). In
addition, senior management is required to ensure that an independent assessment
of leadership for safety and of safety culture is conducted for enhancement of the
organizational culture for safety (para. 6.10 of GSR Part 2 [5]).

7.21. Senior management should make arrangements to measure the effectiveness
of leadership and of culture for safety and to demonstrate the performance of
managers. Different tools could be used such as surveys, interviews, observations
and analysis of the behaviour and achievements of managers.

7.22. Safety performance indicators for leadership for safety and for culture for
safety should be developed. The following are examples of such indicators:

(a) The number of safety improvement proposals made, and the percentage of
such proposals implemented;

(b) The number of safety inspections conducted by senior management;

(c) Thenumber of safety audit recommendations implemented during a specific
period.

86



7.23. The results of the assessments of leadership for safety and culture for safety,
including the degree to which safety performance indicators are met, should be
communicated within the organization.
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Appendix

ELEMENTS OF THE MANAGEMENT SYSTEM FOR
ORGANIZATIONS INVOLVED IN RADIOACTIVE
WASTE MANAGEMENT OR ITS REGULATION

A.1. This appendix provides a list of elements of the management system for
organizations involved in the management of radioactive waste or its regulation.
Not all the elements listed will be relevant to all organizations involved in the
management of radioactive waste or its regulatory oversight. In some cases,
further processes and procedures may be needed. The precise definitions of,
and the boundaries between, the management system elements included in
an organization’s management system, and the level of detail contained in
the processes and procedures, should reflect the nature of the organization
concerned and its role and situation, and should be applied according to the
graded approach [31].

A.2. Elements relating to the management system include the following:

(a) A process for formally assigning to senior management responsibility for
the management system and for its application to achieve the fundamental
safety objective.

(b) Descriptions of the structure of the organization and the responsibilities and
authorities and decision making powers of individuals for processes.

(c) Processes for ensuring that managers understand the concept of leadership
for safety and possess and demonstrate appropriate leadership capabilities.

(d) A process for establishing the management system.

(e) Processes for defining goals, strategies, plans and objectives, consistent
with the organization’s safety policy.

(f) Processes and procedures for the identification of, interaction with and
involvement of interested parties in decision making.

(g) Processes and procedures to ensure that interdependencies between the
steps in the radioactive waste management process are considered.

(h) A process for integration of all elements of the management system so that
safety is not compromised.

(i) A process for applying and demonstrating the application of the graded
approach to the management system commensurate with the risks associated
with the facilities and activities being controlled.
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A3.

Processes and procedures for documentation of the management system.

This documentation includes the following:

(i) Policy statements of the organization on values and behavioural
expectations;

(i1) A statement of the fundamental safety objective;

(ii1) A description of the organization and its structure;

(iv) A description of responsibilities and accountabilities;

(v) The levels of authority, including all interactions of those managing,
performing and assessing work, for all processes;

(vi) Adescription of how the management system complies with regulatory
requirements;

(vii) A description of the interactions with external organizations and with
interested parties.

Processes and procedures to ensure that the documents comprising the

management system are controlled, usable, readable, clearly identified and

readily available at the point of use.

Processes and procedures for the provision of resources (covering both

financial and human resources) and their management, including for

purchasing and management of the supply chain.

Processes and procedures for recruitment, training and continuing

professional development of personnel and for succession planning.

Processes and procedures for the design, management, inspection, testing,

verification and validation of processes.

Processes and procedures for the development, documentation, maintenance

and use of the safety case for radioactive waste management facilities.

Processes and procedures to ensure the quality of all data, models and safety

assessment results.

Processes for developing, promoting the understanding of, communicating

and fostering a culture for safety among all personnel of the organization.

Processes and procedures for the steps in the management of radioactive

waste (see para. A.4).

Processes and procedures for periodic safety review.

Processes and procedures for measurement, assessment and improvement

of the management system.

Topics that should be considered when developing the management system

include the following:

(a)
(b)
(©
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The development and publication of documents;
Change control;
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Transparency;

Traceability;

Research and development;

Treatment of uncertainties;

Processes and procedures for establishing an integrated national radioactive
waste management strategy and programme;

Optimization of the radioactive waste management system, of radioactive
waste management facilities and activities, and of protection and safety;
Knowledge management;

Record keeping and archiving of relevant information.

Elements relating to the steps in radioactive waste management include the

following, as appropriate:

(a)
(b)
(©)
(d)
(e
(2
(h)
()

0
(k)

M
(m)

(n)
(0)

Processes and procedures for establishing and maintaining the inventory of
radioactive waste;

Processes and procedures for waste characterization and for the recording
of relevant information;

Processes and procedures for the clearance of materials and classification
of waste;

Processes and procedures for identifying appropriate predisposal
management steps and disposal routes for radioactive waste;

Processes and procedures for the siting of facilities;

Processes and procedures for site selection and site characterization;
Procedures for the design of radioactive waste management processes;
Processes and procedures for the design of waste management facilities;
Processes and procedures for controlling the construction of radioactive
waste management facilities;

Processes and procedures for the maintenance of facilities and equipment;
Processes and procedures for establishing arrangements for preparedness
and response for a nuclear or radiological emergency;

Processes and procedures for controlling the commissioning of radioactive
waste management facilities and activities;

Processes and procedures for controlling the operation of radioactive waste
management facilities and activities, addressing issues such as facility
housekeeping and cleanliness;

Processes and procedures for dealing with unexpected occurrences such as
incidents, including accidents;

Processes and procedures for establishing waste package specifications for
radioactive waste (e.g. covering waste containers and outputs from waste
conditioning);
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Processes and procedures for establishing waste acceptance criteria for
radioactive waste management facilities;

Processes and procedures for waste acceptance at facilities, including
compliance checking with the waste acceptance criteria;

Processes and procedures for dealing with non-conformances, such as cases
where waste acceptance criteria are not met;

Processes and procedures for waste storage, for the control of environmental
conditions in storage facilities, for the identification and inspection of stored
waste and for the retrieval of waste from storage;

Processes and procedures for waste emplacement and the installation of
engineered barriers in disposal facilities in accordance with the safety case
and authorization for the facility;

Processes and procedures for controlling the decommissioning and closure,
as appropriate, of radioactive waste management facilities;

Processes and procedures for monitoring of radioactive waste management
facilities and activities and for monitoring of the environment;'®

Processes and procedures for identifying and prioritizing research and
development needs and activities to fill gaps in knowledge that are important
to safety;

Processes and procedures for ensuring compliance with regulatory
requirements (see e.g. Ref. [61]).

A.5. Elements relating to regulatory functions and processes for radioactive
waste management facilities and activities (see also IAEA Safety Standards Series
No. GSG-13, Functions and Processes of the Regulatory Body for Safety [62])
include the following:

(a)
(b)
(©
(d)

Processes and procedures for the authorization of radioactive waste
management facilities and activities;

Processes and procedures for the inspection of radioactive waste
management facilities and activities;

Processes and procedures for the development of regulations and regulatory
guidance on radioactive waste management;

Processes and procedures for review and assessment (e.g. of authorization
applications, safety cases and safety assessments for radioactive waste
management facilities and activities).

15 For example, monitoring of environmental conditions in the facility, monitoring

of the condition and integrity of waste packages, monitoring of equipment, monitoring of
occupational exposures, managing and responding to monitoring data, communicating with
interested parties on the monitoring programme and the results obtained.
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