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Objective

This paper deals primarily with the decommissioning after termination of normal operations and planned
final shutdown. However, most provisions also apply to decommissioning after an abnormal event that has
resulted in serious damage or contamination at a facility.

Scope

Decommissioning refers to administrative and technical actions taken to allow the removal of some or all
of the regulatory controls from a nuclear facility. These actions involve decontamination, dismantling and
removal or radioactive materials, waste, components and structures. They are carried out to achieve a
progressive and systematic reduction in radiological hazards and are undertaken on the basis of
preplanning and assessment, in order to ensure safety during decommissioning operation.

A facility may be considered decommissioned when an approved end state has been reached. Subject to
national legal and regulatory requirements, this may encompass situations such as:

− Incorporation into a new or existing facility; and
− Partial or full dismantlement with or without restrictions on further use.

Commissioning vs D&D

There are many factors that have to be addressed to ensure the safety of nuclear installations (reactors)
during the operational phase. Some of those factors will continue to apply during decommissioning, but
decommissioning gives rise to issues that are in some respects different from those prevailing during the
operation of the installation. These issues need to be considered in an appropriate way to assure overall
safety during decommissioning.
There are three important considerations to define the basic criteria and conditions to achieve safe
decommissioning.

− Whether the spent fuel has been fully removed from the site.
− The inherent need to progressively remove from service safety systems and destroy confinement

barriers.
− The progressive reduction of the existing radioactive inventory and its characteristics and the

associated changes on the remaining radiological risk.

As far as spent fuel is retained at the site, specific safety concerns remain. Consequently, many of the
nuclear safety principles, objectives and criteria applicable during operation shall remain in force.

When spent fuel has been fully removed from the site, the safety concerns change qualitatively into a
situation of almost purely radiation protection. Along the decommissioning process, the radioactive
inventory will not only decrease, but also will consist of a progressively greater fraction of non-dispersible
materials. At the same time, the remaining operative safety systems will have to be progressively taken out
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of service and the confinement barriers be destroyed, all this causing a continuous variation in the residual
radiological risk to workers, public and the environment.

Non-radiological hazards can also arise during decommissioning activities. It is important that they be
given due consideration during the planning process, in the risk analysis and along the execution period.

Safety Principles

The safety and radiological principles, objectives and criteria applicable to decommissioning, although
defined as one single set, will have to be applied accordingly with the level of hazard and risk remaining at
each moment. Potentially a limited and well-defined set of steps having successively lower requirement
could be defined, to better help define the practical application of the safety principles, objectives and
criteria. This situation shall be duly considered in the safety and environmental impact analysis as well as
properly incorporated in the licensing documents.

− Decommissioning shall be performed in a manner that protects human health and the environment,
now and in the future, without imposing undue burdens on future generations.

− Consideration shall be given to the protection of workers and the public and to the protection of the
environment. Protection shall also be provided, when applicable, beyond national borders.

− These considerations shall include radiological and non-radiological hazards, including conventional
health and safety aspects, and the potential impact and burdens on future generations from delayed
decommissioning.

− National radiation protection requirements shall be established with due regard to the international
recommendations and practices. In addition to provision for protection against the normal exposures,
provisions shall also be made for protection against potential exposures, including the managerial and
technical measures to prevent the occurrence of incidents or accidents and the provisions for mitigating
their consequences.

− Requirements for environmental protection shall be established by the regulatory body, taking into
consideration the potential environmental impacts that can reasonably be expected.

− A "safety culture" shall be fostered and maintained in both, the operating organization and the
regulatory body, in order to encourage a questioning and learning attitude to protection and safety and
to discourage complacency. Such a culture is particularly important for decommissioning activities, in
which new radiological and non-radiological hazards may arise, for example, owing to the removal of
safety systems and barriers. This includes the regular audit and review of performance.

− Responsibilities for safety shall be clearly allocated at all times, during the decommissioning process
of a nuclear facility. The established legal framework shall contain provisions to ensure that there is
clear and unequivocal allocation of responsibility for safety. The continuity of responsibility for safety
shall be ensured by regulatory control, e.g. by a license or a sequence of licenses, according to the
national legal framework.

− The management of radioactive residual materials is a key component in the decommissioning of
nuclear facilities.

Implementation

The implementation of a national policy of dismantling, decommissioning and post-closure institutional
closure should be enfaced from three perspectives:

� Allocations of responsibilities of policy makers, regulators, operators and stakeholders
� Definition and execution of strategies, plans and specific projects
� Control of safety taking into account actual risk associate with different phases of a D&D project

A. In allocating responsibilities following considerations should be taken into account:
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The Policy Makers responsibilities are basically the same as usually they have assigned in relation to
radioactive waste management. These responsibilities include establishing a legal framework defining
responsibilities, financial resources, etc., to define national strategies, to assure that a appropriate
Radioactive Waste System is available to facilitate D&D activities, to optimize of national resources,
etc.

The Regulatory Body responsibilities are similar to other regulatory activities, however, regulatory
actions should pay special attention to the risk evolution in the D&D projects. In this sense, the
Regulatory Body should:

− Establish safety criteria for the decommissioning of nuclear facilities, including conditions on the
end-points as well as conditions to manage safely the radioactive waste generated.

− Establish limits and conditions for the removal of controls from materials containing small
amounts of radionuclides. It shall provide guidance for the authorized use of materials and for the
authorized discharge of liquids and gases containing radionuclides. It shall also consider
establishing criteria for the clearance of solid materials. Such limits, conditions and criteria, should
be established taking into account international recommendations.

− Ensure that relevant documents and records are prepared, kept for an agreed time and maintained
to a specified quality. It shall ensure that appropriate parties are responsible for this work.

The operator shall be responsible for all aspects of safety of the decommissioning activity until its
completion. He may delegate any work associated with the afore mentioned responsibilities to other
organizations, but shall retain overall responsibility and control. In order to provide an adequate level
of safety, the operator should:

� Perform safety and environmental impact assessments; shall prepare and implement
appropriate safety procedures; shall apply good engineering practices; shall ensure that staff
are trained, qualified and competent; shall establish and implement a quality assurance
programme; and shall keep records as required by the regulatory body.

� Establish and maintain decommissioning plans, which are commensurate with the type and
status of the facility. The initial decommissioning plan shall be established in the design
phase of the facility and shall be reviewed and updated regularly, as deemed necessary.

� Establish and implement an acceptable radioactive waste management plan, including
acceptable destinations.

� A mechanism for providing adequate financial resources shall be established to cover the cost
of decommissioning. It shall be put in place before operation and shall be updated as
necessary. Consideration shall also be given to providing the necessary financial resources in
the event of premature shutdown of the facility.

� Before decommissioning operations start the operator shall submit an application for
permission to decommission a nuclear facility, for approval by the regulatory body, together
with the proposed final decommissioning plan.

� At the completion of decommissioning and before the operator can be relieved of further
responsibility for the facility or site in accordance with the national legal framework, the
operator shall provide sufficient information to the Regulatory Body, as to allow justification
of such relief or otherwise the need to maintain appropriate controls to ensure protection.
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� A D&D project can impact strongly in the surrounding of nuclear facility and stakeholders
participation can be crucial in order to carried out successfully the project. Stakeholders participation
can be useful during definition of policies and strategies, during licensing process especially during
environmental impact assessment in the control activities after closure statement.

B. Definition of policies and strategies of D&D should include aspects like: option selection, allocation of
technical, human and financing resources in order to optimize national capabilities, election of D&D
option, Special emphasis should be pay to interface between D&D projects and radioactive waste
management national system

Planning of every project should be based in a risk assessment, which include nuclear, radiological,
occupational and environmental in order to guarantee a reasonable level of safety during operations and
after closure. A careful use of information from design and operational phase of the facility may result
very useful to prepare a dismantling sequence inherently safe. Additionally, use of appropriate
techniques and lessons learned from previous projects can contribute to enhancing the global safety.

The national strategic approaches to the decommissioning of nuclear facilities may vary, depending on
specific considerations. Early or deferred decommissioning can be acceptable options and both are used
world-wide.

Decommissioning may also be carried out in one continuous operation following shutdown or in a
series of discrete operations over time (i.e. phased decommissioning).

Decommissioning is facilitated if planning and preparatory works are undertaken at the design phase of
the nuclear facility and are continued throughout the entire lifetime of the facility.

C. The usual practices to control of safety corresponding to the operator and regulator can be extended to
the D&D projects. The control of safety should be adequate to the level and evolution of risk during
the different phases of a decommissioning process, including post-closure stage. A principle of
proportionality between the risk and the safety requirement should inform the level of control
established.

The concept of a “intensive” safety control measurement to prevent risk of criticality, heat generation,
high radiation level and spent fuel safety and security, should be substituted by a “extensive” approach.
This approach should take into account aspects such as: the lost of physical barriers, the existence of
diffuse level of radiation during long period and in large zones, high generation of waste, reduction of
high qualified personnel in the facility, reduction of financial resources, etc.

Safety control should be flexible to adapt it to changing situation of the facility, this flexibility can be
reflected in the applicable regulations, licensing documents, regulatory positions and mentality, and
enforcement policy.


