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FOREWORD

This report arises from the fifth series of peer discussions on regulatory practices entitled
"Approaches relating to decommissioning of nuclear facilities". Senior regulators from 22
Member States participated in three peer group discussions during 1996-1997. This report
presents the outcome of these meetings and recommendations of good practices identified by
senior regulators, which do not necessarily reflect those of the governments of the nominating
Member States, the nominating organizations, nor the IAEA.



EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the
original manuscripts as submitted by the authors. The views expressed do not necessarily reflect
those of the IAEA, the governments of the nominating Member States or the nominating
organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

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

The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be construed as
an endorsement or recommendation on the part of the IAEA.
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1. INTRODUCTION

1.1. BACKGROUND

In 1986, at a Special Session of the IAEA General Conference, it was suggested that the
IAEA could play a role in assisting Member States in the enhancement of regulatory practices
with the objective of increasing the confidence of the public in the safety of nuclear power.
The IAEA subsequently sent out questionnaires on regulatory practices and on inspection and
enforcement. Summaries of the replies to these questionnaires were issued as IAEA-
TECDOCs.

In 1988 it was agreed that the most useful way to develop peer review of regulatory
practices was for small groups of regulators to meet, together with an IAEA co-ordinator, to
discuss selected topics. It was intended that Senior Regulators from different groups of
Member States would discuss the same topic in a series of peer group discussion meetings,
putting emphasis on identifying beneficial aspects of practices rather than on comparing
regimes.

This objective was further enhanced when the Nuclear Safety Standards Advisory
Group (NUSSAG) recommended in 1989 that "to promote the sharing of experience through
increased professional contacts between nuclear safety regulators, a system should be
provided for the identification of commonly accepted good practices and to disseminate them
widely among Member States".

There have been three earlier series of meetings, the first during 1989-1990 discussed
"Regulatory inspection and enforcement good practices"; the second, during 1991-1992,
discussed "Regulatory good practices relating to monitoring and assessment of ageing of
nuclear power plants", and the third, during 1993-1994, discussed "Policy for setting and
assessing regulatory safety goals". The third series culminated in the publication of IAEA-
TECDOC-831.

Starting from the fourth series entitled "The Development of measures to assess the
safety of existing NPPs and the effectiveness of regulations and regulatory actions (including
"prescriptive" and "performance based" approaches)", the report of the peer discussions was
published in the PDRP special report series.

The present report arises from the fifth series of meetings, held during 1996-1997,
which addressed the subject recommended by the ACSS and adopted by the IAEA as:
"Approaches relating to decommissioning of nuclear facilities".

1.2. OBJECTIVE

In many Member States nuclear facilities such as power and research reactors, nuclear
fuel cycle facilities and various industrial and medical facilities have reached the end of their
useful life or will reach it in the near future. These facilities need to be safely
decommissioned without causing any undue radiological, chemical or other risks to workers,
the public and the environment. Today, there is a growing consensus that decommissioning
needs to be given consideration from the design phase of a new facility and that planning for
decommissioning is to be carried out during the entire life of the nuclear facility. In most
Member States, there is no comprehensive set of requirements, be it on a legal or technical



level, available to plan, assess, approve and carry out decommissioning operations. Since
most of the facilities to be decommissioned in the near future are demonstration or prototype
facilities, case by case specific and prescriptive requirements will have to be developed.
However, such case by case requirements need to be based on existing applicable regulations
as well as on generally accepted principles.

In order to assist Member States in ensuring safe decommissioning operations, the
IAEA has convened the fifth series of peer discussions on "Approaches relating to
decommissioning of nuclear facilities". The results and findings of these discussions are
summarized in this report, concentrating on recommendations and established good practices
identified during the discussions. Its intention is primarily to disseminate information on
existing experience and to identify beneficial aspects of established practices in order to
provide guidance to Member States that are in the process of developing new or revising
existing decommissioning regulations or that intend to do so in the future. The
recommendations are intentionally general to cover various legal and administrative systems,
to cope with a wide variety of facilities and to allow for the necessary flexibility in planning
and executing decommissioning operations.

1.3. STRUCTURE AND SCOPE

This report is structured so that it covers the subject matter under the main headings of:

- Safety Objective and Responsibilities
- Basic Principles and Strategies
- Criteria and Regulatory Requirements
- Regulation and Enforcement.

It is important to note that recommendations of good practice are included if they have
been identified by at least one of the groups. It does not follow that all of the groups or
individual Member States would necessarily endorse all of the recommendations. However, it
is considered that if a single group of Senior Regulators judge that a particular practice is
worthy of recommendation then it should be included for serious consideration. In some cases
the same recommendations arise from all of the groups. These should be considered
particularly meritorious.

1.4. THE MEETINGS

Three separate meetings were held, one each in the months of September and
November 1996, with the third and final meeting in February 1997. The list of participants
and their countries of origin is given at the end of this report. In the interests of continuity and
consistency the same consultant was invited by the IAEA to chair all the meetings. Each
meeting was independent with no details of the discussions at previous meetings being
disclosed. The meetings proceeded in the same way with each participating member
describing his or her national regulatory regime and practices in turn, with the subsequent
discussion examining points of similarity and their merits.

2. SAFETY OBJECTIVE AND RESPONSIBILITIES

2.1. SAFETY OBJECTIVE

While each of the groups had slightly different definitions of the overall objective of
decommissioning, it could be summarized that the main safety objective of decommissioning



is to protect human health and the environment from the radiological and non-radiological
hazards posed by the shutdown facility, while limiting the burdens on future generations. This
implies that decisions concerning decommissioning must consider current and future risks to
humans and the environment as well as costs and availability of appropriate resources and
technology.

2.2. RESPONSIBILITIES

Since decommissioning is a phase in the life cycle of a nuclear installation, the normal
division of responsibilities assigned in other phases of the facility's life exists, i.e.:

• The Member State establishes a legal framework comprising policy statements, laws
and other legal provisions.

• The Regulatory Body (regulator) establishes safety objectives and criteria, develops
regulations and requirements for achieving these objectives and verifies through
assessment and inspection that the objectives are met.

• The Operator proposes the decommissioning plans, follows the requirements of the
regulator, provides adequate resources to carry out the decommissioning and is
responsible for the safety of the facility and operations. While the operator may delegate
tasks to other organizations, overall responsibility cannot be delegated.

• In some countries, the public is involved in the project through a consultative process.

• Roles and responsibilities of all involved organizations are clearly defined, and
respected. In particular, it is apparent that the operator has the responsibility for safety
and any actions of the regulator should not be interpreted as reducing that
responsibility.

3. BASIC PRINCIPLES AND STRATEGIES

3.1. PLANNING FOR DECOMMISSIONING

It was generally recognized that the ideal approach to planned decommissioning
involves three steps:

(a) An initial decommissioning plan is prepared by the operator, and approved by the
regulator, prior to construction of a facility. This plan includes elements of
decommissioning-by-design to facilitate dismantling, reduce activation products, and
minimize waste arisings. Provision is made for adequate financial resources for safe
decommissioning.

(b) There is regular review of the initial plan during operation of the facility. The plan is
revised in light of operating experience (including modifications, accidents and
incidents), altered technologies, techniques and resources, and general experience.
Reviews and revisions are performed by the operator and approved by the regulator.



(c) Once the decision to decommission has been made, a detailed plan is prepared and
approved before work starts. The Annex provides further detail on the desired elements
of a final, detailed decommissioning plan.

Most regulators indicated they were taking steps to require or upgrade decommissioning
plans for existing facilities to ensure that the plans meet current expectations. Detailed
information on this topic may be found in Section 5.

Planning includes an article requesting a continuous feedback to take into account the
registered workers' doses. The purpose is to reduce the doses as the operations proceed.

3.2. DECOMMISSIONING OPTIONS

The choice of a decommissioning option will inter alia be influenced by:

• the design and the operational history of the facility

• the radionuclide inventory of the various components including contamination and
activation

• the degree to which these radionuclides are fixed or mobile
• the occupational exposure during dismantling
• the risk to workers, the public and the environment
• policies of radiation protection and waste management
• the availability of technical means
• the availability of waste management technology, waste repositories and storage

facilities
• the continuing availability of staff with experience acquired during the construction or

operating phase
• social and economic factors
• the influence of public opinion
• the planned future use of the facility and/or the site.

3.3. START OF DECOMMISSIONING

The transition from operating phase to decommissioning phase should be defined by the
regulator. While decommissioning is usually deemed to start at the first step taken to retire a
facility permanently from operation, in some countries certain decommissioning activities
may be carried out under the operating licence. (Such activities are normally those which
could be performed as part of routine operation or maintenance, for example defuelling or
removal of certain replaceable components.) While all regulators noted that they have the
power to require that certain actions be taken for safety reasons, not all have the power to
initiate decommissioning.

3.4. ACCEPTABLE DELAY PERIODS IN DECOMMISSIONING

Once a decision has been made to decommission a facility, steps ought to be taken as
quickly as possible to move a facility from operation to an intermediate, non-operating safe
state. However, some countries pointed out that once that state has been reached, it may be
acceptable to schedule delays before starting future steps in the decommissioning process.
Some acceptable reasons for delays included reduction of radiation fields that would reduce
worker dose; the potential reuse of materials or equipment; or the unavailability of a suitable



site for waste arisings, or a need to acquire the expertise, technology or funding required to
complete the required work. Pressures to proceed more rapidly include loss of knowledge of
and experience with the facility; obsolescence and deterioration of required technology and
equipment; potential diversion of required funds; and value of site or materials. Some
countries consider safe storage with surveillance as a long-term objective.

3.5. END POINT OF DECOMMISSIONING

It was recognized that no single endpoint or set of endpoints for decommissioning can
be established since the endpoint for a given facility may depend on the intended fate of the
facility or site on which the facility is located. Some countries have a policy that, following
decommissioning, sites on which nuclear facilities are located will be reused only for
restricted purposes, such as industrial facilities, while others permit or encourage unrestricted
site use. It was also noted that public, societal and economic considerations may result in
endpoints that are different from those based strictly on technical requirements.

The groups agreed that a compromise between technical requirements and social,
human and economic considerations is necessary.

4. CRITERIA AND REGULATORY REQUIREMENTS

As noted above, decommissioning is a normal phase of a nuclear facility's life, therefore
the standard criteria for adequate radiation and environmental protection programmes, waste
management practices and facilities, safety culture, quality assurance programmes and
resources are applicable. However, all groups noted that the hazards during decommissioning
may have different weights — radiation fields may be reduced once fuel is removed, but
potential for airborne contamination may be increased during cutting and dismantling. Non-
radiological safety hazards, such as fire and falling loads, are usually increased and potential
accidents are different from those in operating facilities. Therefore, different approaches to
evaluation of safety may be necessary, and other authorities may become involved and
impose other regulatory requirements. Co-ordination amongst the various authorities is
encouraged to resolve contradictory requirements, minimize duplication of effort and reduce
the administrative burden on all parties.

4.1. RADIATION PROTECTION

It was generally held that a radiation protection regime based on ICRP
recommendations, including the ALARA principle, needs to be in place. The existing
radiation protection procedures and the organization established for the operating period are
used as a basis. Special attention must be paid to the potential for contamination due to the
production and release of dust, aerosols and liquids during decommissioning and dismantling
processes.

The reduction of the quantities of solid wastes as a result of dismantling is not desired if
the consequence is an increased release in the amount of liquid and gaseous wastes to the
environment. Waste transfers are to be considered very closely.



4.2. NON-RADIOLOGICAL RISKS

It was noted that in many cases, there will be increased non-radiological hazards
associated with decommissioning nuclear facilities. Some of these will involve conventional
construction site hazards, others may result from the presence of hazardous materials. An
inventory of non-radioactive hazardous materials and dangerous operations needs to be
included in the safety analysis and appropriate measures taken to prevent harm to humans or
the environment or increased production of hazardous waste. Regulatory agencies, other than
those involved when the facility was operating, may have requirements that have to be met by
the operator.

4.3. CONFINEMENT

When systems which confine radiation and radioactive materials during operation are
altered or removed during decommissioning, the potential for increased radiation fields and
spread of residual radioactivity may rise. In any case, care needs to be taken to retain the
containment systems, including buildings, as long as necessary and feasible. The "care" to
assess the integrity for a longer period of the systems which confine the radioactive materials
includes ad hoc design calculations and adapted surveillance during the prolonged life. Since
uncontained residual radioactive materials can pose a contamination hazard and increase
radioactive waste, acceptable confinement of residual radioactive materials should be planned
for and demonstrated by the operator over the whole period of decommissioning, including
the period of safe storage. In some cases, containment may have to be modified to facilitate
accessibility and maintain adequate shielding or ventilation. Since structures and systems may
have to perform for longer periods than designed for, care needs to be taken to assess their
integrity regularly. Similar consideration ought to be made for non-radiological hazards that
may be present, including toxic materials such as heavy metals, asbestos and polychlorinated
benzene (PCBs).

4.4. WASTE MANAGEMENT

While principles that apply to management of waste arising from operations continue to
apply during decommissioning, several issues are particularly important in this phase. The
dismantling activities are expected to provide feedback for design of future plant to take into
account, for instance, the quantities of produced wastes, the difficulties arising during the
decommissioning operations and worker doses.

(a) Waste minimization. Decommissioning activities are to be planned to reduce waste
arising through segregation and conditioning of waste, decontamination where
practicable and by avoidance of unnecessary spread of contamination. As noted earlier,
careful choice of construction materials and design of the facility may also lead to lower
volumes of waste arising.

(b) Availability of adequate waste storage or disposal facilities. Since decommissioning can
only be carried out safely if there is an acceptable path for the waste arisings, it is
essential that planning for decommissioning include identification of the destination for
the waste. Decommissioning is not expected to produce any type and quantity of waste
which cannot be managed properly within the scope of the waste management system
of the Member State.



(c) Availability of suitable waste management technology and transportation means. The
adequate waste treatment, conditioning and packaging technology is necessary to meet
the established waste acceptance criteria according to the requirements of the existing
waste storage and disposal facilities. Due attention needs to be paid to transportation
equipment in order to ensure a safe transfer of wastes for disposal to regional or central
repositories.

4.5. CLEARANCE CRITERIA

In the following the clearance of solid and other radioactive material and of sites is
discussed. The basic principles and terminology for these processes are set out in IAEA
Safety Series No. 89, Principles for the Exemption of Radiation Sources and Practices from
Regulatory Control. For a single cleared practice, the individual dose to a member of the
public is limited to 10 uSv/year, which is substantially below ICRP dose limits.

(a) Solid material. Experience has shown that decommissioning activities normally give
rise too much larger quantities of solid material than are produced during operation.
Therefore, particular attention is given to planning for its ultimate fate. It is important to
distinguish between unconditional and conditional clearance. For conditional clearance
certain boundary conditions on the fate of the material after clearance are necessarily to
be met, which could result in less restrictive criteria than have to be required for
unconditional clearance. Criteria for unconditional clearance of solid material may be
found in IAEA-TECDOC-855. It was noted that clearance requires more than just a set
of limits on specific activity and surface contamination. A consistent system of criteria,
measurement procedures, impact assessment and a QA programme is indispensable.

(b) Other material. The clearance of liquids (e.g.oils) or gases might be required as well,
but practically always much less material arises as compared to the solid items. Criteria
are derived typically case by case, but according to same principles described in Item
(a) above.

(c) Sites. In all cases the release criteria are based on the same principles described in Item
(a). However, since generally agreed release limits have not been established, criteria
for release are usually established on a case by case basis that depends on the proposed
end use of the site. For example, a site that is to be used as a long term radioactive
waste storage facility with restricted access may be 'cleared' for such use with a higher
level of residual contamination than a site that is to be used for unrestricted agricultural
or residential purposes. If unrestricted use of the site is considered, particular attention
will be paid to residual contaminated material that may be removed after release, e.g.
soil.

(d) Discharge of liquids and gases. Normally, discharge levels of radioactive liquids and
gases during decommissioning will be lower than during operation. It may therefore be
appropriate to reduce authorized limits based on the results of the safety analysis for the
decommissioning project. However, the authorized limits for discharges during
decommissioning should be such that unpredicted situations can be accounted for
within those limits, which are still based on ICRP dose limits; some Member States
may apply more restrictive dose limits. It was also noted that the types of discharges
may be different during decommissioning.



4.6. ORGANIZATION AND MANAGEMENT

The operator establishes an organization with well-defined responsibilities to plan and
manage each step of decommissioning. In most countries, as part of the decommissioning
plan, the operator proposes an appropriate organization with adequate number of staff with
the necessary skills and experience, and the regulator reviews that proposal. The regulator
also has appropriate resources to fulfil its responsibilities. The organizations may be similar
to those required during operation, but may require modification depending on the tasks to be
performed. For the operator in particular, although staff and staffing levels may alter as the
scope and hazards of the facility change, it is important that necessary skills and knowledge
of the installation are retained to ensure that safety is not adversely affected.

It was noted that the actual operator may change in the course of the decommissioning
project, especially if long term storage or deferral periods are planned. However, at all times
while the facility is under regulatory control there is a responsible organization designated as
the operator.

4.7. TRAINING

The operator ensures that staff and subcontractors have the necessary skills and
experience to carry out the decommissioning tasks. When a facility ceases operation, certain
skills will become redundant while others become more important. These new areas of
importance include dismantling and handling techniques, decontamination methods, methods
for managing decommissioning wastes, and specific radiation protection methods. The use
of mock-ups may be useful in training staff to minimize exposure times and to perfect the
techniques and procedures to be used.

4.8. QUALITY ASSURANCE AND RECORD KEEPING

The consensus view of the regulators was that a comprehensive QA system is
established and implemented. Since decommissioning activities may extend over very long
times, and public concerns as well as liability problems may only emerge after delicensing of
a site, points to be addressed by the QA system include long term record keeping both from
the operational phase (i.e. condition of the plant at the time of shut-down and staff
qualifications) and the decommissioning phase as well as the relationship between the
operating organization and its subcontractors (if any), waste management organizations
responsible for storage and disposal and the regulatory body. Particular attention will be paid
to the need for documentation of the waste packages produced during decommissioning,
doses to personnel, discharges and the final radiological survey of the site. These records are
to be kept for an adequate period of time after termination of decommissioning.

4.9. EMERGENCY PROCEDURES

It was acknowledged that existing requirements for emergency procedures, including
training of personnel as well as exercises and drills, may have to be adapted as the status of
the facility changes during decommissioning.

4.10. PHYSICAL PROTECTION AND SAFEGUARDS

An adequate level of physical protection will be maintained as long as necessary. This
presents a particular challenge during extended periods of safe storage. Consideration is given



to including the facility undergoing decommissioning in an adjacent facility, if available, or
remote monitoring. As long as special nuclear material is on site, all necessary safeguards
procedures will remain in effect.

4.11. SAFETY CULTURE

The principles of safety culture as laid down in the INSAG Report issued as IAEA
Safety Series No.75-INSAG-4, Safety Culture, should prevail during all phases of the life of
the facility. However, since the workplace is undergoing change during active
decommissioning, a good safety culture becomes particularly important at that time. All
involved individuals need to be aware that, while the risk of nuclear accidents will generally
decrease when operations cease, new radiological and non-radiological hazards may be
encountered during decommissioning.

5. REGULATION AND ENFORCEMENT

5.1. PLANS

Many countries now require that general decommissioning plans be submitted by the
operator and approved by the regulatory body prior to construction of the facility. For
existing plants, some countries require such plans be submitted at least five years before
decommissioning is planned to start.

Decommissioning plans may involve a phased approach — for example, defuelling,
decontamination, safe storage, dismantling, site restoration and site release.

Detailed decommissioning plans are required to be submitted nearer to the start of
decommissioning. The level of detail in this plan will depend on the approach being taken.
For example, in a phased approach more detail will be required for the work about to be
performed with less detail being required for subsequent steps that may occur decades later.
In situations in which decommissioning will be carried out in phases, it may be appropriate to
adopt a phased approach to licensing. In such an approach, each significant stage in
decommissioning is licensed only after completion of a safety review which reflects work
completed and details of work to be carried out in the next phase.

5.2. DOCUMENTS TO BE SUBMITTED

Decommissioning plans include information on the state of the plant at shutdown; its
operating history, especially on incidents that occurred during operation; justification of the
decommissioning option; schedule with detail for each type of operation; estimate of
characteristics of waste arising and provision for its safe management; staff training; radiation
and environmental protection programme; considerations of non-radiological hazards and
potential accidents; and intended endpoints of decommissioning for materials and site that are
to be released from regulatory control. In some situations, criticality issues may need to be
addressed.

During decommissioning, reports are to be submitted either at routine intervals or at the
end of specific phases. Reports address issues such as work performed to date, state of safety



systems and buildings, non-conformities, accidents and incidents, discharges, waste produced
and the radiological situation.

Typical subjects to be addressed in the final decommissioning plan are shown in the
Annex.

5.3. REVIEW OF REPORTS

In all participating countries, safety analysis and environmental impact reports
submitted by the operator are reviewed independently, either by staff of the regulatory body
or by national or international experts not associated with the generation of the reports.

5.4. ISSUING PERMITS

Some countries do not have specific legislation that requires a decommissioning
licence; however, steps are under way to make such provisions before such licences are
needed. Generally it was felt that in the interim, adequate control can be exercised by use of
provisions in existing legislation.

5.5. INSPECTION

There is no fundamental difference in the regulatory approach taken to inspection
during operation and during decommissioning. However, the nature and frequency of
inspection may change to reflect the changing hazards (conventional health and safety, fire
protection, disruption of operating systems). Agencies other than the nuclear regulator (for
example, labour or environmental organizations) may play a more prominent role. However,
in the most cases, the nuclear regulator retains its leading role in licensing and inspection.

In some countries, the regulator performs independent verification of operators' survey
results, particularly the final environmental survey prior to release.
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ANNEX

The final decommissioning plan would typically include the following items:

(a) A description of the nuclear facility, the site and the surrounding area which could
affect, and be affected by, its decommissioning;

(b) The life history of the facility, and the planned use of the facility and/or the site during
and after decommissioning;

(c) A description of the regulatory framework within which decommissioning will be
carried out;

(d) A description of the proposed decommissioning activities, including time schedule;

(e) The rationale for selecting the proposed decommissioning option;

(f) Safety and environmental impact assessments, including the radiological and non-
radiological hazards to workers, the public and the environment;

(g) A description of the proposed environmental monitoring programme to be undertaken
during decommissioning;

(h) A description of the experience, resources and responsibilities of the decommissioning
organization, including a discussion of the technical qualification/skills of the staff;

(i) An assessment of the availability of special management, engineering, and
decommissioning techniques required, including any decontamination, dismantling and
cutting technology as well as remotely operated equipment needed to complete
decommissioning safely;

(j) A description of the proposed management of the waste, including items such as:

-identification of sources and characterization of types and volumes of waste;
-criteria for segregating materials;
-proposed treatment, conditioning, transportation, storage and disposal methods;
-the potential to reuse and recycle materials, and related radiological criteria;
-anticipated discharges of radioactive and hazardous non-radioactive materials to the

environment, and
-destination of the radioactive waste;

(k) A description of the proposed radiation protection and safety procedures to be used
during decommissioning;

(1) A description of the quality assurance programme;

(m) A description of other applicable important technical and administrative considerations
such as safeguards, physical security arrangements and details of emergency
preparedness;
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(n) A description of the monitoring programme, equipment and methods to be used to
verify that the site will comply with the release criteria; and

(o) Details of the estimated cost of decommissioning, including waste management, and the
source of funds required to carry out the work.
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