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FOREWORD

In 1973 the International Atomic Energy Agency, and the Nuclear Energy 
Agency of the Organization for Economic Co-operation and Development, con
vened a group of consultants to examine what role the IAEA should play in the 
decommissioning of nuclear facilities. The consultants advised the IAEA that 
decommissioning activities should be introduced into its programme, and that it 
should promote the formulation of guides, recommendations and standards on 
the subject.

In 1975, and again in 1977, Technical Committees with representatives 
from Member States and other international organizations met to consider the 
decommissioning of nuclear facilities. The committees concluded that while 
there were no known insurmountable technical problems to accomplishing 
decommissioning, the regulatory aspects, and some other aspects such as policy, 
planning, timing, cost analysis, waste disposal and safety criteria, needed further 
development.

Many of the participants of the 1977 Technical Committee also felt that 
sufficient technical information and experience was available to develop a code 
and guide for decommissioning nuclear reactors, and recommended that such a 
document be initiated. They also supported the International Symposium on 
the Decommissioning of Nuclear Facilities that was held in Vienna in November 
1978. The Committees pointed out the advantages of harmonizing principles 
and rationalizing decommissioning standards on an international basis, and also 
emphasized the need for criteria for the release of materials and land for 
general use.

An Advisory Group of experts, convened by the IAEA in April 1978, 
developed a draft code and guide for the decommissioning of land-based nuclear 
reactor plants. However, the national authorities of some Member States pointed 
out that decommissioning experience had so far been confined to research and test 
reactors and other small nuclear facilities. They felt it would be premature to issue 
a code and guide on the subject until more experience with decommissioning 
large nuclear power plants had been gained.

To ensure that the information developed to date is made available to all 
Member States, it is published here, with a few amplifications, under the 
present title.
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1. INTRODUCTION

The term ‘decommissioning’ in the nuclear industry is generally agreed to apply 
to the actions taken at the end of a facility’s useful life in retiring the facility from 
service with adequate regard to the health and safety of members of the public and 
the decommissioning workers. These actions can range from merely closing down 
the facility, with a minimum removal of radioactive material and with continual 
surveillance and restricted use of the facility, to the removal of radioactive material 
to the extent that the facility/site becomes available for use without restrictions 
with regard to the small amounts of residual radionuclides present.

Decommissioning of nuclear facilities is not new to the nuclear industry. To 
date, a total of about 65 nuclear reactors (plus a number of other nuclear facilities) 
have been or are in the process of being decommissioned. Most of these were 
demonstration, test or research facilities, but no large power reactors have been 
involved.

Many more nuclear facilities will require decommissioning in the near future, 
and their decommissioning will add to the current store of experience. Of the 
more than 230 nuclear power stations operating in the world today about 150 will 
be 25 or more years old, and some more than 40 years old, by the year 2000.
There will also be a significant number of supporting nuclear facilities of similar 
ages. Thus, decommissioning is a highly relevant current consideration for the 
nuclear power industry. It is, therefore, appropriate at this time to issue this 
document, which contains a consensus of current opinions on considerations for 
the decommissioning of land-based nuclear reactors.

Technical experts generally agree that nuclear reactors and other facilities 
can be decommissioned safely, and without unacceptable impacts on man or his 
environment. In the ultimate case, this includes the dismantlement of a plant 
and fee restoration of the site to unrestricted use. Much experience has been 
acquired on decommissioning of small nuclear facilities, and a number of detailed 
engineering assessments of the requirements and impacts of decommissioning 
large facilities have been completed in the past few years. Based on this experience 
and these studies, some governments have developed or are developing guides or 
regulations that are specific to  decommissioning. It is generally believed that 
improvements in decommissioning technology would be beneficial and will evolve 
with time as more experience is gained in decommissioning nuclear plants.

At the end of the operational life of a nuclear reactor plant it will be necessary 
to deal with the plant in the same manner as other non-nuclear commercial plant 
property no longer useful for its original purpose, namely, to decommission it in a 
manner that ensures adequate protection -  in this case radiological — to those 
performing the decommissioning task, as well as to members of the public and to 
the environment. This involves eliminating potentially hazardous conditions,

1.1. G E N E R A L
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recovering whatever remains of value, and making some of the facility resources, 
including the site itself, available for other applications. Decommissioning does 
not include refurbishing of the facility for its original or other nuclear purpose.

Some parts of nuclear reactors are essentially similar to other industrial 
structures in that they can be dismantled by conventional methods. Other parts, 
which become radioactively contaminated, require additional precautions. 
Decommissioning of these items, i.e. cleaning, removal of equipment or material, 
dismantling, must take into account the amount and type of radioactivity that is 
present.

The primary objective of this report is to provide a checklist of the principles 
and factors to be considered in order to decommission a land-based nuclear reactor 
in an orderly and safe manner. This includes the areas of planning (including 
facilitation of decommissioning at the design step), management, and the carrying 
out of decommissioning. To the extent feasible, this report takes into consider
ation past experience to better ensure that the objectives of decommissioning can 
be met.

It is assumed that the decision on decommissioning is initiated by the owner 
(or licensee) and approved by the appropriate regulatory bodies. The report 
covers the direct and major supportive activities during decommissioning, and 
follow-up activities after decommissioning. Although directed at nuclear reactors, it 
is also believed that most of the principles outlined are sufficiently generic to enable 
them to be generally applied to the decommissioning of other types of nuclear 
facilities.

To initiate the decommissioning of a nuclear reactor plant, the reactor must 
first be rendered inoperative under any circumstance. This normally requires an 
orderly shut-down of the reactor, similar to the periodic shut-down required 
during routine operations. Decommissioning then starts with the removal of all 
nuclear fuel to ensure the non-operability of the reactor. For practical purposes, 
this complete defuelling may be conducted in parallel with other decommissioning 
work. In some cases, a nuclear reactor plant may be decommissioned after an 
accident has occurred. In this event, special decommissioning procedures may have 
to be evolved.

In deciding how far a nuclear reactor could or should be decommissioned 
there is a wide range of schemes, but it is convenient and customary to recognize 
three basic stages1. Each stage corresponds to a defined physical state of the plant

1 The terra ‘stage’, in the con tex t o f  this report, does n o t necessarily im ply a step-wise 
procedure through various ‘stages’, as indicated by norm al usage of the  word. Thus, 
decommissioning to  ‘stage’ 2 does no t necessarily have to  be preceded by going through ‘stage’ 1, 
and ‘stage’ 3 does no t have to be preceded by ‘stages’ 1 and 2. Many Member S tates prefer 
and /or use o th er term s such as ‘alternative’, ‘level’, ‘o p tio n ’, ‘m ode’, etc. in place of ‘stage’.
In addition, at least one Member S tate considers that a nuclear facility is no t com pletely 
decommissioned un til it can be released fo r unrestricted use. In  th is case, ‘stage’ 1 is no t a final 
decommissioned state; similarly, in m any cases ‘stage’ 2 m ay no t be a final decom m issioned 
state.
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and, with the exception of the third stage, carries with it the need for continuing 
surveillance. Depending upon policies of individual countries and conditions at 
specific reactors, it is possible that those stages requiring continuing surveillance 
could be considered either the final status or the temporary status, before stage 3 
dismantlement. However, in some cases, it may be highly impractical to proceed 
from an extreme version of stage 2 to stage 3 (see footnote 2).

1.2. BASIC STAGES OF DECOMMISSIONING

The three basic stages are defined as follows:

Stage 1: Storage with surveillance

State o f  the plant and equipment

The reactor is completely defuelled and the fuel is shipped away from the 
reactor.

All heat transport fluids, readily removable contaminated materials, and 
some highly contaminated materials are removed.

The first contamination barrier, e.g. the reactor vessel, is kept as it was 
during operation but with all mechanical openings (valves, piping) blocked 
and sealed.

The containment building is maintained intact in a state appropriate to the 
remaining hazard.

The atmosphere inside the containment building (and in all areas containing 
radioactivity) is controlled and the ventilation systems may be operated as 
required.

Access to the inside of the containment building is controlled by physical 
barriers and administrative procedures.

Surveillance, inspection and tests

The plant is kept under continuous on-site surveillance, and the equipment 
necessary for monitoring radiation both inside the plant and in the surrounding

2 An extrem e version of stage 2 (term ed ‘en tom bm ent’ in some M ember States) can 
involve the  encasem ent o f radioactive m aterials in concrete o r o th er structural m aterials 
sufficiently strong and durable to  ensure re ten tion  o f the  radioactivity. In some M ember States 
radionuclide re ten tio n  m ust persist un til the  radionuclides have decayed to  levels w hich perm it 
unrestricted  release of the site.
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area is kept operable and used as required. Most ventilation and service 
systems are kept operational. Surveillance is maintained in accordance with 
applicable regulatory requirements.

Periodic measurements and visual checks are carried out to ensure that 
contamination control systems, i.e. ventilation systems and contamination 
barriers, continue to function properly.

Stage 2: Restricted site release

State o f  the plant and equipment

The reactor is completely defuelled and the fuel is shipped away from the 
reactor.

All heat transport fluids, readily removable contaminated materials, and 
some highly contaminated materials are removed.

Contaminated areas are decontaminated to the extent appropriate, and 
remaining areas with unacceptable residual radioactivity levels are sealed to 
prevent unauthorized access. Various containment features generally remain 
and are augmented where necessary. Contaminated parts that are easily 
dismantled are removed and transferred off-site or into plant areas that are 
to be sealed. For example, this sealing may range from using barriers that can 
be removed without undue effort by man to sealing with a thick overlay of 
reinforced concrete.

The ventilation, services and other active safety systems are not needed and 
are deactivated. Some monitoring equipment will likely remain operational, 
depending on the specific circumstances.

Some parts of the plant or site could be converted to new uses or released, 
with certain constraints in accordance with appropriate radiological protection 
requirements, for uses not involving other radioactivity sources.

Surveillance, inspection and tests

Surveillance around the restricted areas is required in accordance with regu
latory conditions but is less extensive than in stage 1; for example, spot 
surveys around the barriers are continued as well as surveillance of the 
environment. An example of maximum surveillance may be the continual 
monitoring of instrument outputs at a location remote from the site with 
only periodic on-site inspection and maintenance, plus periodic environ
mental monitoring. An example o f minimum surveillance — which might

4
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be used for cases such as the extensive encasement of radioactivity within 
massive structural materials (e.g. thick concrete or steel) — may be to have 
access controls as simple warning signs citing laws prohibiting access, and 
surveillance consisting of periodic inspections and repairs, plus limited 
periodic environmental monitoring.

Stage 3: Unrestricted site use

State o f  the plant and equipment

The reactor is completely defuelled and the fuel is shipped away from the 
reactor.

All heat transport fluids are removed.

All materials, equipment and structures in which radioactivity levels exist 
above prescribed limits are removed to an approved storage or disposal 
site.

In all remaining plant areas the radioactivity levels will have been reduced 
to those that permit unrestricted use. The site and any remaining equipment 
and materials may be released for other purposes, without any radiological 
protection restrictions.

Surveillance, inspection and tests

No further surveillance, inspection or tests are necessary.

Variations exist on these three main stages, including decommissioning of 
different parts of the same facility to different stages.

2. SCOPE

This document applies to all classes of land-based nuclear fission reactors, 
including those reactors used for the production of electricity or heat, for testing, 
for research, and for the production of radionuclides.

The document covers the technical and administrative aspects related to the 
conduct of decommissioning, and to the associated radiation protection of man 
and his environment both during and after decommissioning.

The document is intended to provide assistance to those responsible for 
planning or implementing the decommissioning of a land-based nuclear reactor. 
The user of this report is further encouraged to review past experience gained with 
nuclear facilities and the published technical data cited in the section entitled 
Bibliography.
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3. RESPONSIBILITIES

The organization licensed to operate a nuclear reactor (the licensee) is 
normally responsible for ensuring its safe decommissioning. This implies the 
fundamental obligation of ensuring that the public interest is upheld in the areas 
of health, safety and environmental impact as a result of decommissioning. The 
licensee should be required to demonstrate to the appropriate regulatory bodies 
that this responsibility has been fulfilled.

To fulfil his responsibilities the licensee should complete the following:

(a) Preparation of the decommissioning plans
(b) Preparation of the application and obtaining approval to initiate 

decommissioning
(c) Provision of qualified staff and appropriate materials and support 

services for all aspects of decommissioning
(d) Provision of sufficient financial resources to carry out the decommissioning
(e) Implementation of the activities described in the decommissioning plans, 

including those for surveillance and maintenance activities if required
(f) Provision o f radiation monitoring and assurance that radiation 

protection is satisfactory during decommissioning
(g) Provision of documentation of decommissioning activities and results
(h) Submission of the application for change of licence status of the 

decommissioned facility and obtaining the licensing change.

The licensee is also responsible for the proper packaging, transport and 
disposition of radioactive wastes (liquid and solid) arising from the decommissioning. 
The responsibility for waste disposition can only be transferred to another 
organization, e.g. radioactive waste storage or disposal licensee, with the prior 
agreement of the appropriate regulatory bodies.

Following the implementation of the decommissioning plan, the licensee 
responsibility for that part of the plant remaining on the site continues until the 
site is released for unrestricted use, or until a legal decision relieves the licensee 
of this responsibility.

To carry out the decommissioning of the nuclear reactor the licensee may 
delegate his duties but not his responsibilities to other parties, with the agreement 
of the appropriate regulatory bodies if required.

The national government has the responsibility to produce and to enforce 
legislation governing all aspects of decommissioning nuclear facilities.

It is the responsibility of the regulatory bodies to ensure compliance with 
and adequate monitoring of all requirements for implementation, safety, and 
environmental protection during the decommissioning of nuclear facilities. In - 
addition, the national governments ultimately have the responsibility to ensure 
safety and environmental protection in all cases, whether or not the licensee 
demonstrates compliance with the licensing requirements.

6
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4. DECOMMISSIONING PLANS

Plans are required for any industrial activity, including the decommissioning 
of a nuclear reactor. Preliminary decommissioning plans are recommended to be 
developed at the time the reactor is in the design stage; where such plans were 
not developed at that time, as may be the case with plants already in 
operation, they should be developed as soon as possible thereafter so that, as the 
time for decommissioning approaches, detailed plans will be available. At the time 
of decommissioning, these plans must be further augmented to  incorporate all 
the necessary operating details and improved technology.

4.1. PRELIMINARY DECOMMISSIONING PLAN

A preliminary plan for decommissioning should be prepared during the 
reactor design phase as guidance to both designers and operators, and to provide 
necessary information to the regulatory bodies. This preliminary plan should 
establish, in general, feasible decommissioning schemes that can be accomplished 
without undue risk to the environment. The plan should take into account the 
provisions for decommissioning that are designed into the plant. The plan must 
conform to the requirements of the appropriate regulatory bodies. To the 
maximum extent feasible, this plan should be based on the technical knowledge 
available at the time of design.

The preliminary plan should include documentation of the following:

(a) A description of the anticipated final status/disposition of the facility 
and site, and identification of major environmental impacts.

(b) A quantitative estimate of the type, amount and location of important 
radionuclides and radioactively contaminated materials within the 
reactor facility at the end of its operating life.

(c) A broad description of the decommissioning techniques that may be 
used, together with proposals on the management of radioactive waste 
while it remains within the responsibility of the licensee. This descrip
tion should demonstrate that such methods are practical and safe for 
both members of the public and the site personnel.

(d) An estimate of the manpower and materials needed, the anticipated 
costs, and the bases for these estimates.

(e) The methods used to ensure that adequate financing will be available 
for decommissioning, if the assurance of decommissioning funds is 
important to national interests.
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(f) Identification of information required and records that should be 
maintained during construction and operation of the plant. The 
information should include the updated design plus files, records and 
specifications necessary for the detailed planning and execution of 
decommissioning.

The preliminary plan should identify a range of feasible approaches to plant 
decommissioning. This information should allow the plant designer to consider 
the introduction of design features that are favourable to decommissioning. Some 
examples might be:

(1) Provision for adequate materials handling equipment
(2) Provisions for separation of attachments from and/or remote maintenance 

of highly radioactive components
(3) Provisions for effective decontamination or sealing of materials with 

radioactive contamination on their surfaces
(4) Location and size of access doors to allow for movement of materials
(5) Provisions for management of radioactive waste from decommissioning.

4.2. DETAILED DECOMMISSIONING PLANS

A detailed plan for decommissioning should be prepared before the initiation 
of decommissioning and should be submitted to the appropriate regulatory 
bodies. The plan should provide sufficient information to all the organizations 
involved in the decommissioning of the reactor so that they can obtain approval 
from the regulatory bodies to proceed. This plan should consider all the techniques 
to be used as well as the safety aspects of the decommissioning programme and 
of the programme end product, including a radiation protection programme.

The detailed decommissioning plans should include at least the following 
information:

(a) A clear description of the state of the plant before and after the 
decommissioning activities

(b) A description of the major activities and schedule of the decommissioning 
activities

(c) A description of the techniques and procedures to be used in the 
decommissioning activities, including the use of mock-ups and the 
special training required

(d) An estimate of the type and quantity of radioactive and non-radioactive 
wastes to be generated during the decommissioning activities, and the 
plans for their treatment, transportation and disposal and/or storage

(e) A safety analysis including the environmental impact of decommissioning
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(f) A safety analysis, including environmental impact, for the state of the 
plant to  be reached on completion of the decommissioning activities

(g) An estimate of the decommissioning costs and identification of sufficient 
funding sources to carry out the decommissioning

(h) Identification of the organizations to  be involved (including key staff) 
and the role and responsibilities of each in the decommissioning 
activities

(i) An estimate of occupational and public radiation exposures from 
decommissioning

(j) The details of how public and occupational radiation exposures will 
be controlled. The plan should clearly specify the objectives and 
procedures for radiation dose management in:

(i) establishing a basis for radiation protection founded on regulatory 
limits

(ii) establishing a radiation control programme, plans and procedures
(iii) ensuring the availability of supporting equipment, instrumentation, 

qualified staff and facilities

(k) The quality assurance programme to be used during decommissioning 
activities

(1) Bases, criteria and the derived working values for radioactivity levels 
that are acceptable for the release of materials for unrestricted use3 

(m) Operational control limits, including those for effluents arising from 
decommissioning 

(n) Plans for emergencies or unexpected occurrences
(o) Plans for security control during decommissioning3 
(p) Details of records and reports to be developed during decommissioning 

and their disposition 
(q) A description of the environmental monitoring, surveillance, and

maintenance programme that will be implemented after decommissioning, 
if decommissioning stages 1 or 2 are used.3

4.3. POST-DECOMMISSIONING REPORTS

One or more post-decommissioning reports should be submitted to the 
appropriate regulatory bodies. These reports should describe the plant in its 
decommissioned state and provide a summary of decommissioning activities with 
reference to  more detailed reports on this subject. For decommissioning to

3 These plans are in some cases established by or in conjunction  w ith the  appropriate  
regulatory bodies.
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stages 1 and 2, the first post-decommissioning report should also specify the safety 
procedures necessary to maintain the plant within the regulatory requirements.
For decommissioning stages 1 and 2, periodic reports should also be submitted 
which describe the maintenance and surveillance activities and results for each time 
period.

The reports may also include useful information on an assessment of the 
effectiveness of the decommissioning techniques used, a description of waste 
arisings, and costs.

5. RADIATION PROTECTION PROGRAMME

During decommissioning a radiation protection programme must be 
implemented to  ensure that collective radiation doses4 received by the 
decommissioning personnel and members of the public are optimized, and that 
individual doses are kept within applicable dose limits required by the regulatory 
bodies. This radiological protection programme must contain at least the items 
in the following sub-sections.

5.1. RADIATION MEASUREMENTS FOR DECOMMISSIONING

Radiological measurements are an essential element of a decommissioning 
operation. These measurements should identify the magnitude and location of 
both deposited contamination and neutron activation products. For deposited 
contamination, the identity and quantity of all important radionuclides should 
be established by a sufficient number of measurements to provide a reasonable 
estimate o f the average and maximum levels o f contamination on plant facilities 
and equipment. For both activated materials and deposited contamination, the 
radiation exposure rates in different areas of the plant should be determined 
by actual measurements whenever practicable. These measurements should then 
be used in conjunction with calculated estimates of the amount of radionuclides 
present to guide decisions and actions for decommissioning.

Radiological measurements for decommissioning should begin before the 
start of actual decommissioning operations to identify the detailed radiological 
concerns to be considered in developing detailed decommissioning plans. Continual 
surveys during decommissioning are required to ensure that adequate radiological

4 The term  ‘dose’ m eans ‘dose equivalent’ th roughout the report unless otherwise 
qualified.
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safety is being practised, to provide radiological information for up-to-date planning 
of detailed decommissioning procedures, and to assist in monitoring the progress 
of radioactivity removal. These radiological surveys include radiation measure
ments and analyses of isotopic composition of both smear samples and airborne 
radioactivity where necessary. Special surveys may be undertaken for unusual or 
abnormal conditions. Radiological protection surveillance after decommissioning 
is also required (see sub-section 5.5).

5.2. RADIATION DOSE CONTROLS AND EVALUATION

The information obtained from radiological measurements should be utilized 
in the preparation of the final details of the decommissioning plan for controlling 
and evaluating radiation doses.

This dose control should be an important factor in the contribution made 
to the total decommissioning plan. Decommissioning should be performed so that 
individual doses resulting from the decommissioning operation are within 
prescribed limits.

A personnel monitoring programme must be implemented to ensure that the 
doses are within the limits set by the regulatory bodies. This programme should 
include routine external monitoring and monitoring of radionuclides within the 
bodies of the personnel. Periodic medical examinations should be performed as 
required by the appropriate regulatory bodies.

Radiation dose controls and surveillance play an important role in the 
preparation of safe decommissioning work procedures. Their necessity and means 
of implementation must also be included as an integral part of staff training. 
Appropriate radiation dose controls should also be applied to all movement of 
potentially radioactive materials within or outside the facility.

5.3. EFFLUENTS RELEASED TO THE ENVIRONMENT

Discharges of radionuclides via airborne and liquid effluents must be controlled 
to ensure the protection of the general public.

Authorized limits for release of radionuclides in airborne and liquid effluents 
are established by the regulatory bodies. The releases should be measured and the 
results recorded in accordance with regulatory requirements. If releases approach 
or exceed authorized limits, corrective measures should be taken in conformance 
with requirements of the respective regulatory bodies.

Accurate, up-to-date records should be kept of all airborne and liquid 
effluent releases. Summary reports of this information should be issued routinely 
by the licensee to the appropriate authorities.
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Large quantities of radioactive wastes typically arise from decommissioning, 
and the forms of these wastes can be different from those arising during normal 
plant operation. Because of these circumstances, special treatments and handling 
techniques may be needed. The large quantity of radioactive waste will also place 
an added burden on the existing waste management facilities at the plant. Thus, 
special provisions may be required for waste management.

5.4. WASTE MANAGEMENT

Removal from the site and subsequent storage or disposal of radioactive solid 
wastes should adhere to national regulations and international guides for the safe 
transport and disposition of radioactive materials. Accurate, up-to-date records 
should be kept of all waste movements. Summary reports of this information 
should be issued by the licensee to the regulatory bodies.

5.5. ENVIRONMENTAL MONITORING

Radiation monitoring of the environment in the area surrounding the plant 
site should be performed during decommissioning and during the maintenance and 
surveillance periods following decommissioning to  stages 1 and 2 until approval to 
discontinue is obtained from the regulatory bodies. This monitoring is done at 
selected locations and times to check the adequacy of the control of radioactive 
materials released into the environment, and to  obtain a more direct assessment 
of radionuclide concentrations in the surroundings and the resulting radiation dose 
rates to the population.

Guidance for the regulatory bodies and the licensee for determining require
ments for environmental monitoring associated with a decommissioning procedure 
can be found in the IAEA Safety Series Nos 41, 45 and 46. The principles therein 
should be applied to decommissioning of nuclear reactors to the extent possible.

5.6. POST-DECOMMISSIONING RADIOLOGICAL SURVEILLANCE

A detailed post-decommissioning radiological survey should be made to 
delineate the level and extent of the residual radioactivity within the facilities and 
on the plant site. This survey is needed to demonstrate compliance with the 
criteria for acceptable residual contamination levels established by the regulatory 
bodies for the specific condition in which the site and facility are being released.

Following decommissioning to stages 1 or 2, post-decommissioning 
surveillance should include a continuing programme of facility and site monitoring
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to ensure that the radionuclides released to the environment are within acceptable 
levels. The results of these surveys should be included in periodic post
decommissioning reports. The competent national authorities should review the 
monitoring programme and its results at regular intervals.

6. CRITERIA FOR RELEASE OF MATERIALS, 
FACILITY OR SITE

The decommissioning of nuclear facilities will result in materials and 
components that may be reused and those that may be considered as waste. If the 
radioactivity levels of materials or components exceed those prescribed, the items 
must be handled in accordance with appropriate radiological protection and 
control requirements. Similarly, materials recovered during decommissioning 
with radioactivity content so high as to prohibit their reuse must be considered as 
radioactive wastes. These materials must be processed and/or disposed of in 
accordance with appropriate radioactive waste management procedures and 
regulations. Materials with radioactivity levels below prescribed levels may be 
treated and managed in the same manner as other non-radioactive materials.

The various stages of decommissioning can result in a condition whereby all 
or part of the site, premises, materials and equipment can be released for unrestricted 
use with regard to their radioactivity levels. In this case, the levels of residual 
radioactivity on or within the unconditionally released site, premises, material, 
equipment and waste must be low enough to ensure that without any control or 
surveillance potential radiation exposure to people by any exposure pathway, 
either individually or collectively, will not be in excess of appropriately established 
dose limits.

The disposition of the radioactive materials from decommissioning, whether 
they are to be used for some further purpose or regarded as waste, generally does 
not require special regulations or treatments. The existing regulations and 
methodologies for dealing with similar materials generated during the course of 
a nuclear plant’s operating life will usually be applicable to the decommissioning 
programme, although special consideration may be needed because of the large 
volumes of material involved. Hence, the management of radioactive wastes 
arising from the decommissioning of nuclear reactors and their associated auxiliaries 
should be carried out in accordance with the relevant national radiological protec
tion and waste management regulations.

All waste considered to have radioactivity levels acceptably low for unrestricted 
release can be dealt with as industrial waste. However, development of criteria for 
and establishment of these acceptable levels should be done by the appropriate 
regulatory bodies.
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The methodologies that may be used in determining the classification of 
materials from decommissioning should take the following factors into account:

The amount and type of significant contamination from radionuclides

The amount and type of radioactivity with activated materials

The change in characteristics of residual radioactivity levels as a function of 
time

The potential of all residual radioactive sources to become a radiation hazard; 
this should be done taking into account all known pathways, including the 
direct exposure pathways of inhalation and ingestion, and indirect pathways 
through the air, water, food chains, and by reuse of materials.

6.1. UNCONDITIONAL OR UNRESTRICTED USE

Release for unconditional use or reuse of sites, premises, equipment or 
materials has as its objective the continued use or reuse without any regulatory 
control or monitoring for radiation protection. Hence, the methods used to 
determine acceptable residual radioactivity levels to enable premises, equipment, 
material, or sites to be used unconditionally should ensure that this objective can 
be achieved and continuously maintained without further assessment. The levels 
to be achieved will need to be defined and administered by the appropriate 
regulatory body.

6.2. CONDITIONAL OR RESTRICTED USE

When release on an unconditional basis is either not achievable or necessary 
the radiation control and monitoring requirements to be applied will remain 
within the established licensing control framework and limiting criteria of the 
regulatory body. In this regard it could be foreseen that a reactor may be only 
partially dismantled, that further development for nuclear purposes may take 
place at the same site, and that the remaining responsibility for the decommissioned 
plant would be incorporated in revised regulatory conditions. Similarly, plant 
items (materials and equipment) may be reused in other facilities, subject to 
appropriate radiological control and licensing conditions.

7. QUALITY ASSURANCE

As with most other nuclear activities, a strict quality assurance programme 
should be planned and initiated by the licensee before the decommissioning of a
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nuclear reactor commences. The decommissioning quality assurance programme 
should be in accordance with the general quality assurance criteria and require
ments adopted for the various phases of nuclear reactor design, construction and 
operation.

The objectives of the quality assurance programme are to ensure that all 
decommissioning activities are achieved satisfactorily, and that these achievements 
are accomplished in accordance with planned written procedures and instructions 
that have been reviewed and approved by appropriate experts and responsible 
personnel.

An appropriate staff that has responsibility for quality assurance should be 
established by the licensee in accordance with national practice. This staff should 
have the authority and responsibility to develop quality assurance requirements 
and to compare quality assurance performance with these requirements.

The duties and responsibilities of all decommissioning personnel (and 
organizations) involved and their lines of communication, approvals and authorities 
should be clearly defined in the quality assurance plan. The appropriate regulatory 
bodies should check and record, according to their own policies and regulations, 
the adequacy of the quality assurance and the other decommissioning units, and 
the competence of personnel engaged in decommissioning work.

Achievement of decommissioning objectives can be aided significantly by 
employing a thorough quality assurance analysis of the tasks to be performed.
This analysis includes the identification of the skills required, the selection and 
training of personnel, the design, specifications, procurement and use of appro
priate equipment, the employment of proper techniques, the determination of the 
standards or codes to be adopted, and the provision of the necessary verification 
and control activities.

Quality assurance control measures should be established to ensure that:

(a) Applicable regulatory requirements, criteria and limits are properly 
recognized and operations are measured for conformance

(b) Plant materials are properly handled, identified and controlled
(c) Plant equipment is correctly functional, operated and transported
(d) Decommissioning plans and technical documents and their modifications, 

and decommissioning activities are properly reviewed and duly approved
(e) Important systems, structures and components are regularly inspected
(f) The measurements and tests carried out are appropriate to the condition 

of the installation, and their interpretation is properly done
(g) All important information relevant to decommissioning is adequately 

documented, stored, and made retrievable to allow for future needs of 
the information.
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DEFINITIONS

The following definitions are used in this report. These definitions agree with  
others used by the IAEA, with some minor exceptions, but may not necessarily 
conform to definitions adopted elsewhere fo r international use.

Acceptable Limits

Acceptable Contamination 
Levels for Unrestricted Use

Basic Radiation Dose Limit

Competent Authority

Contamination

Decommissioning

Decommissioning Stage

Decontamination

Limits acceptable to the regulatory body 
(also called authorized or regulatory limits).

Levels of radioactivity that meet specified 
levels for any use of the material without 
restrictions regarding radioactivity.

An upper limit of allowable radiation 
exposure as established by the regulatory 
body. (Dose limits are expressed in terms 
of dose equivalent, of which the unit is the 
sievert (Sv), lSv= U/kg = 100 rem).

A national authority designated or other
wise recognized as such by the Member State 
for a specific purpose (see Regulatory Body).

Undesired radioactive m atter or radionuclides 
that have been deposited on solid surfaces, 
or are present in solids, liquids or gases.

The work required for the planned permanent 
retirement of a nuclear facility from active 
service to bring it to the planned status. 
Thereafter the plant will be in a new 
regulatory situation. (Some Member States 
feel that a plant is not decommissioned until 
it is suitable for unrestricted use.)

The extent of decommissioning and the 
status of a facility after decommissioning. 
Three basic stages are proposed by the 
IAEA: storage with surveillance; restricted 
site release; unrestricted site release. 
Conditions for each of these stages are 
presented in the text.

The removal of radioactive contaminants 
with the objective of reducing the residual 
radioactivity level in or on materials within 
a nuclear facility or site.
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Dismantlement or Dismantling 

Facility

Induced Radioactivity 

Licensee

Monitoring 

Nuclear Reactor Plant

Off-site

Operating Organization 

Owner

18

The planned removal of major structures, 
systems and components. In 
decommissioning, this involves removal of 
radioactive or contaminated material 
from the facility and site, to the extent of 
permitting release of the property for 
unrestricted use.

The physical complex of buildings and 
equipment within a site.

Radioactivity of the radionuclides produced 
within materials by neutron irradiation 
(also called activation).

The holder of a licence issued by the 
regulatory body to perform specific activities 
related to the siting, construction, 
commissioning, operation or 
decommissioning of a nuclear power 
plant.

The periodic or continuous measurement of 
radiation or radioactive contamination levels 
for purposes related to the assessment or 
control of radiation exposure in man and 
his environment.

A nuclear fission reactor or reactors 
together with all structures, systems and 
components necessary for safety and

for the production of heat or electricity or 
irradiation fluxes. This report relates to all 
classes of land-based thermal neutron 
reactors, including their radioactive ancillary 
plant and equipment.

Refers to any area outside the boundary line 
marking the limits of the plant site.

The organization authorized by the regulatory 
body to operate the plant or facility.

The organization that possesses (or holds 
title to) the facility and site.
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Prescribed Limits Limits established or accepted by the 
regulatory body.

Public (or Population) Those persons who occupy areas beyond
the plant site.

Quality Assurance Planned and systematic actions necessary to
provide adequate confidence that an item or 
facility will perform satisfactorily in service.

Radiation Exposure Pathways The routes by which radioactive materials
can reach and/or irradiate man. These 
include carrying of radioactive materials to 
man by air or water followed by inhalation 
or ingestion; carrying of radioactive 
materials through foods or animals that 
absorb the materials; or by direct radiation 
from sources external to the body.

Radioactive Waste Any material containing or contaminated
with radionuclides at concentrations or 
radioactivities greater than exempt quantities 
established by the competent authorities, 
and for which there is no foreseen use.

Radioactive Waste Management All activities, administrative and operational,
that are involved in the handling, treatment, 
conditioning, transportation, storage and 
disposal of radioactive waste.

Radiological Safety

Regulatory Body

Protection of all persons from undue 
radiological hazards.

A national authority or a system of 
authorities designated by a Member State, 
assisted by technical and other advisory 
bodies, and having the legal authority for 
conducting the licensing process, for 
issuing licences and thereby for regulating 
nuclear power plant siting, design, construc
tion, commissioning, operation, shut-down 
and decommissioning or specific aspects 
thereof.1

This national au tho rity  could be either the  governm ent itself, o r one o r m ore 
departm ents o f the governm ent, o r a body or bodies specially vested w ith  appropriate  legal 
authority .
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Restricted Use The use of materials or a facility is restricted 
by a regulatory process because of its 
potential hazards.

Site

Site Personnel 

Stage

Surveillance

Survey

The area containing the plant, defined by a 
boundary and under effective control of the 
operating organization.

All persons working on the site, either 
permanently or temporarily.

See Decommissioning Stage.

Those activities necessary to ensure that 
the facility and site remain in a safe 
condition (including inspection and 
monitoring of the site, maintenance of 
barriers to limit access to radioactive 
materials left on the site, and prevention of 
activities on the site that might impair these 
barriers).

A systematic investigation and measurement 
of radiation and/or radionuclide levels and 
radioactive contamination levels. The 
results are usually followed by an evaluation 
of the radiation hazards from the radioactive 
materials present.
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