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FOREWORD 

Many research reactors and other small nuclear facilities throughout the world 
date from the original nuclear research programmes in the Member States. Conse-
quently, a large number of these plants have either been retired from service or will 
soon reach the end of their useful lives and are likely to become significant decom-
missioning tasks for those Member States. 

In recognition of this situation and in response to considerable interest shown 
by Member States, the IAEA has produced this document on planning and manage-
ment for the decommissioning of research reactors and other small nuclear facilities. 
While not directed specifically at large nuclear installations, it is likely that much of 
the information presented will also be of interest to those involved in the decommis-
sioning of such facilities. 

Current views, information and experience on the planning and management 
of decommissioning projects in Member States were collected and assessed during 
a Technical Committee Meeting held by the IAEA in Vienna from 29 July to 
2 August 1991. It was attended by 22 participants from 14 Member States and one 
international organization. 

The participants discussed and redrafted a report prepared for the meeting by 
the IAEA with the assistance of six consultants: J. Bardos (Czechoslovakia), 
L. Nachmilner (Czechoslovakia), M. Conti (Italy) and W.A. Cloutier (USA) in May 
1990, and R.J. Francis (UK) and M.K. Kapur (Canada) in December 1990. 

After the Technical Committee Meeting, a final revision of the document was 
prepared by the IAEA with the assistance of R.J. Francis (UK) and M. Schrauben 
(Belgium) in December 1991. 

The IAEA wishes to express its thanks to those who took part in the preparation 
and publication of this document. In particular, acknowledgements are due to the 
consultants and to the Chairman of the Technical Committee Meeting, G.J. Bauer 
(UK). The officers responsible at the IAEA for this report were P.L. De, M. Laraia, 
and K. Shimooka from the Waste Management Section of the Division of Nuclear 
Fuel Cycle and Waste Management. 
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1. INTRODUCTION 

1.1. BACKGROUND 

Worldwide, there are about 320 research reactors operating today [1], includ-
ing training, test and prototype reactors and critical assemblies. Also, over 
200 research reactors have already been shut down; many of these have been decom-
missioned to Stage 1 or 2, and several have been decommissioned to Stage 3.1 

More than two-thirds of the operating research reactors are over 20 years old and 
many are over 30 years old (Table I). In addition, there are many thousands of small 
nuclear facilities including radiochemical laboratories, hospital installations, hot 
cells, waste treatment and decontamination facilities, which will eventually need to 
be decommissioned. 

Sufficient time and effort for planning are required before decommissioning 
starts, to ensure its success. Although many Member States are experienced in the 
operational management of such facilities, many may not have expertise in planning 
and managing a decommissioning project. 

Most nuclear facilities have not been designed and operated with decom-
missioning in mind. However, experience has shown that considerable benefit can 
be gained if means of facilitating decommissioning and reducing occupational 
exposures are given consideration during the design, construction and operational 
phases of the facility. Before the facility is withdrawn from service, detailed 
decommissioning plans should be prepared, and preparatory work on organizing 
such things as the required resources, retrieval of data from records, the procure-
ment and testing of specialized equipment, safety and feasibility studies and review 
of lessons learned from previous projects should be carried out. This advanced 
preparation will greatly benefit the decommissioning process. 

Planning is used to identify, define and organize the requirements for decom-
missioning the facility including: 

— decommissioning options; 
— the item to be accomplished (i.e. objectives, scope, etc.); 
— the problem of how it is to be accomplished (i.e. methods, means and proce-

dures, etc.); 
— the question of who will execute it (i.e. resources, organization and responsi-

bilities, interfacing, etc.); 
— the time when it will be executed (i.e. a schedule for meeting the objectives). 

1 The Annex describes the conditions for the various stages of decommissioning. 
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TABLE I. RESEARCH REACTORS IN OPERATION, MAY 1991 [ l ] a 

Over Under Over Under 
20 years 20 years 20 years 20 years 
of of of of 
operation operation operation operation 

Algeria 1 Japan 15 3 
Argentina 3 2 Korea, Democratic 1 

Australia 2 People's Republic of 

Austria 3 Korea, Republic of 1 2 

Bangladesh 1 Libyan Arab Jamahiriya 1 
Belgium 5 Malaysia 1 
Brazil 3 1 Mexico 3 1 
Bulgaria 1 Netherlands 2 
Canada 6 8 Norway 2 
Chile 2 Pakistan 1 1 
China 3 9 Peru 2 
Colombia 1 Philippines 1 
Czechoslovakia 2 2 Poland 1 2 
Denmark 2 Portugal 1 
Egypt 1 Romania 1 
European Communities 1 South Africa 1 
Finland 1 Sweden 2 
France 12 8 Switzerland 4 
Germany 17 7 Thailand 1 
Greece 2 Turkey 2 
Hungary 1 2 UK 10 1 
India 2 4 USA 76 16 
Indonesia 1 2 USSR 19 6 
Iran 1 1 Venezuela 1 
Israel 1 Viet Nam 1 
Italy 5 1 Yugoslavia 3 
Jamaica 1 Zaire 1 

a Taiwan, China, has two reactors with over and three reactors with under 20 years of 
operation. 
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A plan is highly dependent on the quality of the management team assembled 
to carry it out. The licensee and the regulatory body must, where appropriate, ensure 
that: 

— the appointed project manager and team are competent, and have well defined 
responsibilities and the authority to carry out the work; 

— management enforces good quality assurance, radiation protection and safety 
and a safety culture in all aspects of the work; and 

— good records are kept of all activities. 

Systematic planning and management are essential to the successful completion 
of a decommissioning project. A clear understanding and response to each of the 
above-mentioned items can be used to prepare detailed plans. Major topics such as 
waste management, recycle/reuse and financial provisions will need special 
consideration. 

1.2. OBJECTIVE OF THE REPORT 

The objective of this report is to provide information which will be useful in 
planning and managing the decommissioning of research reactors and other small 
nuclear facilities. The information is relevant to many facilities and should contribute 
to efficiency and effectiveness in completing decommissioning projects while ensur-
ing that the safety of workers, the general population and the environment will be 
protected. 

2. SCOPE OF THE REPORT 

The document describes factors relevant to the planning and management of 
a decommissioning project, identifies the general requirements to be satisfied for the 
appropriate regulatory body and provides a brief overview of activities necessary to 
complete the overall decommissioning programme successfully. Although it is 
mainly a planning document, technological, regulatory or safety aspects are taken 
into account. Detailed information on these other topics can be obtained from other 
IAEA publications such as Refs [2-9]. 

Although the document is dedicated primarily to the decommissioning of 
research reactors, the information should also be useful in the planning and manage-
ment of the decommissioning of other small nuclear facilities. A definition of a 
'nuclear facility' is given in the Glossary. The specifics of a particular nuclear facil-
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ity should be kept in mind in assessing the extent to which the information in this 
document is applicable. 

The report does not refer to the decommissioning of large nuclear facilities 
(e.g. nuclear power plants and commercial reprocessing plants), post-accident situa-
tions, uranium mining and milling facilities, or waste repositories. However, many 
aspects of this document would also be applicable to such projects. 

3. REASONS FOR AND STAGES OF DECOMMISSIONING 

The operational part of decommissioning2 begins with the final closure of the 
nuclear facility and ends with the release of the site for unrestricted use. This section 
briefly reviews the major reasons why facilities are permanently shut down for 
decommissioning and the commonly accepted stages of decommissioning. 

3.1. REASONS FOR DECOMMISSIONING 

The reasons why a nuclear facility is permanently withdrawn from service 
typically include: 

(i) uneconomical operation: the operating costs are significantly higher than the 
authorized budget; 

(ii) technical obsolescence: closure for this reason might arise if another facility 
offered the same or wider applications more economically; 

(iii) conclusion of research programmes: nuclear facilities are often built to support 
one or more major research programmes; if the operators are not able to 
market the specialized services once the research programmes are concluded, 
closure may be necessary; 

(iv) safety considerations: the closure of the facility could occur if, for example, 
the regulatory body required safety improvements to conform with modern 
standards and these improvements were too expensive to be implemented; 

(v) change in government policy: a government may decide that the facility is no 
longer required to support national goals or specific research; and 

(vi) other factors: the facility may have to be closed because of an accident; many 
aspects of this document would still be applicable to its decommissioning. 

2 Decommissioning is one of the six major phases of the licensing process of a 
nuclear facility. The other phases are siting, design, construction, commissioning and 
operation. 
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3.2. STAGES OF DECOMMISSIONING 

During the life-cycle of a nuclear facility, decommissioning is a definite phase 
which begins with the final closure of the facility and ends with the release of the 
site for unrestricted use. Regardless of why a facility is permanently shut down, the 
three commonly accepted stages in the decommissioning process are [2, 3, 7]: 

— Stage 1, or storage with surveillance; 
— Stage 2, or restricted site use; 
— Stage 3, or unrestricted site use. 

Definition of what is included in these stages for research reactors [7] is shown 
in the Annex. The term 'stage' implies a set of conditions at the plant and does not 
necessarily imply a continuous stepwise procedure. Decommissioning of other small 
nuclear facilities can also be based on these general principles. 

Many factors must be assessed, including a cost-benefit evaluation, to deter-
mine the best strategy and the decommissioning stages for a particular facility. In 
general, early decommissioning to at least Stage 1 should be done so that expensive 
long term surveillance and plant maintenance would not be required. 

For facilities within a larger nuclear site, it may be cost effective to defer 
Stages 2 and 3 if the site is not required for other reasons since surveillance, 
maintenance and other support services would be available on site. Stage 2 decom-
missioning may be used to allow for the reuse of buildings or part of the site if the 
space is required, or to reduce surveillance costs. In many cases, immediate 
decommissioning to Stage 3 may be the best solution for small facilities. Con-
siderations influencing decommissioning choices are reviewed in other IAEA 
reports [2, 3, 8]. 

4. DECOMMISSIONING PLANNING 

4.1. GENERAL 

This chapter provides information on the principal elements of planning for 
decommissioning. Preliminary planning should begin at the design and construction 
phase and should be updated throughout the operational lifetime of the facility. 
Detailed planning should begin, for example, a year or two before the final shutdown 
of the plant. For most older facilities, neither during the design and construction 
phases nor during the operational lifetime any planning was carried out. 
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TABLE II. TYPICAL STEPS FOR DECOMMISSIONING RESEARCH 
REACTORS AND OTHER SMALL NUCLEAR FACILITIES2 

1. Define safety and environmental principles. 

2. Prepare the inventory of radiological and toxic material in the plant. 

3. Establish waste management procedures. 

4. Assess alternative decommissioning options. 

5. Justify proposed option. 

6. Prepare detailed work packages including the required resources. 

7. Define equipment and staff requirements. 

8. Perform safety and environmental assessments. 

9. Prepare cost estimates, determine source of funds and obtain approval. 

10. Prepare the decommissioning plan from the above data. 

11. Submit plan and decommissioning licence request to the regulatory body, where 
appropriate. 

12. Obtain regulatory approval of the plan, where appropriate. 

13. Implement approved decommissioning plan. 

14. If not proceeding to Stage 3 of 8 decommissioning, implement approved surveillance 
and maintenance programme. 

14. Complete dismantling. 

15.. Obtain approval of the final radiological survey plan from the regulatory body, 
if required. 

16. Complete the final site cleanup and radiological survey. 

17. Obtain approval from the regulatory body for unrestricted use of the site. 

a Some activities can be performed in parallel with other activities. 

Typical steps in the decommissioning of a nuclear facility are summarized in 
Table II, and an example of the contents of a decommissioning plan is listed in 
Table III. Each licensee is responsible for ensuring that relevant national rules and 
regulations are applied to the circumstances of the facility being decommissioned. 
In instances where no sufficient guidance is available locally, the licensee can take 
advantage of experience gained in the international community, e.g. IAEA, CEC and 
the Nuclear Energy Agency of the OECD. 
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TABLE III. EXAMPLE OF CONTENTS OF A DECOMMISSIONING PLAN 

1. INTRODUCTION 

2. FACILITY DESCRIPTION 

Physical description of the site and facility 
Operational history 
Systems and equipment 
Radioactive and toxic material inventory 

3. DECOMMISSIONING STRATEGY 

Objectives 
Decommissioning alternatives 
Safety principles and criteria 
Waste type, volumes and routes 
Dose estimates 
Cost estimates 
Financial arrangements 
Selection and justification of preferred option 

4. PROJECT MANAGEMENT 

Resources 
Organization and responsibilities 
Review and monitoring arrangements 
Training and qualifications 
Reporting and records 

5. DECOMMISSIONING ACTIVITIES 

Description and schedule of phases and tasks 
Decontamination activities 
Dismanüing 
Waste management 
Surveillance and maintenance programmes 

6. SAFETY ASSESSMENT 

Dose predictions for tasks 
Demonstration of ALARA for tasks 
Radiation monitoring and protection systems 
Physical security and materials control 
Emergency arrangements 
Management of safety 
Risk analysis 
Operating rules and instructions 
Justification of safety for workers, general population, and environment 
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TABLE III. (cont.) 

7. ENVIRONMENTAL IMPACT ASSESSMENT 

8. QUALITY ASSURANCE PROGRAMME 

9. RADIATION PROTECTION AND SAFETY PROGRAMME 

10. CONTINUED SURVEILLANCE AND MAINTENANCE 

(for deferred stages of decommissioning) 

11. FINAL RADIATION SURVEY PROPOSAL 

12. OUTLINE OF THE FINAL DECOMMISSIONING REPORT 
Summary of work 
Demonstration of compliance with requirements 

13. FUTURE DECOMMISSIONING ACTIVITIES 
(for deferred stages of decommissioning) 

An important part of decommissioning is the planning and implementation of 
ways to facilitate decommissioning and, consequently, reduce occupational 
exposures [4]. The ways to accomplish this objective during design, construction, 
operation and decommissioning are briefly reviewed in the following sections. 

4.2. FACILITATING DECOMMISSIONING 

4.2.1. Considerations during design and construction 

Section 11 of Ref. [10] states: "For safe operation of the reactor, the operating 
organization shall possess all essential information concerning the design, construc-
tion, commissioning and operation of the reactor. This information shall be kept up 
to date during the operational phase". Similar information should be retained to 
assist in the decommissioning of all nuclear facilities [11]. 

A nuclear facility is designed and constructed primarily to fulfil its intended 
purpose in terms of safe and efficient operation. However, during these early phases 
in the life-cycle of the facility, consideration should also be given to decommission-
ing. If decommissioning can be facilitated by modifying certain design features 
which would not interfere with operation and maintenance, such modifications 
should be undertaken if optimization shows that they are worthwhile. In general, 
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design features which assist maintenance and inspection during the operational life-
time of the facility will also assist decommissioning. However, there may be 
additional features which can readily be incorporated, specifically to facilitate 
decommissioning, particularly in larger research reactors [4, 7]. 

Examples of design actions which can facilitate decommissioning and reduce 
occupational exposures include: the use of modular components for easy dis-
mantling; segregating radioactive systems or components; designing to avoid con-
tamination or to allow easy decontamination; and selection of construction materials 
to reduce activation products in materials subject to irradiation. Also, advice from 
decommissioning experts may be of great value during the design phase. 

4.2.2. Considerations during operation 

Operating organizations should, where practicable and cost effective, take 
measures during the operational phase to facilitate decommissioning and reduce 
resource requirements and radiological hazards associated with decommissioning. 
For example, these measures include [4]: keeping good records and flagging those 
relevant to decommissioning; periodic decontamination of contaminated systems; 
and containing contaminants during maintenance by using ventilated tents and floor 
covers. Difficulties encountered during operation and maintenance could indicate 
areas where further research and development of decommissioning techniques are 
required. 

The operational records system should be designed so that records useful for 
decommissioning can easily be updated and extracted from the general operational 
data base, e.g. radioactive inventory estimates should be regularly updated. In 
addition to plans and diagrams, photographic records of activities during the con-
struction phase and during maintenance may be of considerable value. Relevant 
records include details of: 

(a) the operating history of the facility, including changes in fuel core geometry; 
(b) radiological surveys (radiation and contamination levels); 
(c) spills or inadvertent releases of radioactive material which could leave residual 

contamination in some systems or areas; 
(d) modifications to the facility; these should be fully described in relation to 

'as-built' drawings and photographs; 
(e) operating and maintenance records of systems and equipment; 
(f) special maintenance and decontamination methods and techniques developed 

for reducing occupational exposure; and 
(g) the design and location of experimental devices used during the operational 

lifetime of the facility. 

Rules and regulations applicable to record keeping may be found in Ref. [12]. 
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4.2.3. Considerations during decommissioning 

During the actual decontamination and dismantling of a facility, planning, 
management and technical methods can be used to facilitate decommissioning and 
reduce occupational exposure. For example, these methods include: having a well 
defined overall strategy and decommissioning plan prepared well in advance; having 
competent managers; using remotely operated tooling; having shielded facilities for 
disassembling equipment, decontamination and packaging; and training workers on 
inactive mock-ups to reduce the time they spend in radioactive zones [4]. 

The decommissioning plan is discussed in more detail in Sections 4.3 and 4.4. 
Decommissioning management is discussed in Section 5. 

4.3. THE DECOMMISSIONING PLAN 

4.3.1. Objectives 

Once the overall strategy for decommissioning has been defined, a detailed 
plan covering all aspects of decommissioning must be prepared by the operating 
organization as required by Section 18.2 of the Code of Practice [10] and approved, 
if appropriate, by the regulatory body. The plan, generated by or on behalf of the 
licensee, is a necessary part of the planning process and should serve as a guide 
throughout the actual decommissioning programme. Such a plan is needed to ensure 
that decommissioning will be accomplished with full consideration of the health and 
safety of workers, the public and the protection of the environment. 

Planning for decommissioning should be done without undue delay when the 
date for final shutdown of a facility has been decided [8]. If, for any reason, final 
shutdown occurs before the plan has been prepared, work on the plan should com-
mence immediately. 

4.3.2. General planning considerations 

Once the decision to decommission a facility has been taken, a project manager 
and management team should be appointed to develop the decommissioning strategy 
and to prepare a decommissioning plan including one or more of the stages described 
in Section 3. Both the strategy and the plan should be completed before the 
decommissioning activities start. 

The strategy should ensure that major considerations required to successfully 
define and complete the decommissioning plan are in place. For example, these 
major considerations include the availability of waste storage or disposal facilities, 
adequate funds, trained staff, and the required regulatory criteria. Before or during 
the development of the decommissioning plan, the radioactive release criteria for 
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waste and, if recycle or reuse of materials or equipment is planned, the criteria for 
unrestricted use of the facility should be obtained from the regulatory body. 

The team should also prepare detailed specifications for all decommissioning 
activities and define details of the final radiological survey and any other measures 
required to allow the site and remaining structures to be released for reuse. 

Many IAEA publications provide detailed technical and safety related informa-
tion about decommissioning of nuclear facilities [2-9]. The information is generally 
intended to cover most kinds of nuclear facilities, particularly large installations such 
as power reactors. Although the principles are the same for smaller nuclear facilities, 
the magnitude of some tasks, the logistics and the emphasis given to topics will be 
different for these facilities. This is mainly due to smaller physical size, reduced 
complexity and much lower quantities of radioactive wastes. These features should 
allow a simpler plan to be presented. However, there is a wide variety of small 
nuclear facilities, and each may have particular radiological hazards. 

Hence, the detail in each decommissioning plan will depend on the specific 
nuclear facility and can vary within subcategories of each type of facility. In the plan, 
particular attention should be given to radiological hazards, radioactive waste inven-
tories, risk analysis, and operational incidents that could significantly affect safety 
during decommissioning. 

Many facilities have already been closed, sometimes for a number of years. 
In these cases, review of the documents, physical investigations and technical mea-
surements may be necessary before detailed preparation of a decommissioning plan 
can commence. 

In practice, the plan may be a simple document or a set of documents. For 
example, the licensee could present to the regulatory body a preliminary safety, 
technical and cost study outlining the preferred decommissioning option and other 
alternatives to obtain agreement, in principle, on the technical, financial and safety 
issues. The licensee could then start preparing the detailed plan, securing funds, 
obtaining resources and getting clearance from the regulatory body where necessary. 
The detailed documents describing the plan would include information such ás that 
shown in Table 1П. The actual format and contents of decommissioning documents 
for a particular facility will depend on the regulatory framework and guidance 
provided by the Member State in which it is located. 

4.4. CONTENTS OF THE DECOMMISSIONING PLAN 

The most important technical, financial and administrative items in a 
decommissioning plan are considered below. Guidance on the possible contents of 
a decommissioning plan is given in Table 1П and in Refs [13, 14]. 
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4.4.1. Facility description and operational history 

The decommissioning plan should include a description of the site and the 
facility to be decommissioned including items such as: 

— site and area layout, including geographical location, boundaries, adequacy of 
access roads and the transportation system, and availability of centralized sup-
port services (e.g. access controls, security, emergency); 

— the type of facility and its characteristics; 
— a physical description of the nuclear facility, including its layout, controlled 

areas, room accessibility, operating history, modifications, accidents, and 
short description of experimental facilities; 

— details of radioactive and toxic material in the plant (Section 4.4.2); 
— status of auxiliary systems such as ventilation, radiation monitors, cranes, 

hoists and other manipulating equipment, health physics and decontamination 
facilities, waste handling, electrical power supply, lighting, compressed air 
supply, breathing air, water supply, and drainage and sewage. 

4.4.2. Details of radioactive and toxic materials 

Before starting dismantling activities, the characteristics and distribution of the 
radioactive and toxic materials (e.g. asbestos) and radiation fields in the plant must 
be defined (see Section 5.2 of Ref. [3]). Existing records should be used to 
determine the need for further radiological characterization, so as to avoid unneces-
sary use of manpower and occupational exposure. This information is needed to 
evaluate radiological risks of decommissioning tasks, to arrange for protective 
facilities and to estimate the quantities of various types of materials arising from 
decommissioning, e.g. inactive, exempt, active, reusable/recyclable and toxic. 
Radiological characterization includes the determination by measurement and/or 
calculation of: 

— the inventory, distribution and physico-chemical forms of the radionuclides at 
the time of the final shutdown and at various times thereafter; 

— radiation fields for all areas, equipment and structures associated with the 
decommissioning programme; 

— contamination levels for the expected range of radionuclides, including mea-
surements and assessments of contamination on internal and external surfaces, 
on experimental rigs and on other structures in the facility; 

— activity levels arising from activation of structural materials for the expected 
range of radionuclides. 
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4.4.3. Assessment of decommissioning alternatives 

The licensee should prepare an assessment in which the rationale for selecting 
the proposed decommissioning option and rejecting others is justified. This assess-
ment may include items such as: 

— decommissioning options; 
— scale and schedule of the operations involved; 
— radiological, industrial, environmental risk assessments; 
— worker dose estimates for each decommissioning option; 
— provisions for waste management; 
— technical feasibility; 
— compliance with national, state and municipal regulatory and legislative 

requirements; and 
— cost estimates, cost benefit analysis and provision for financing the decommis-

sioning options. 

If no waste storage or disposal facilities are available, the decommissioning 
activities should proceed only to the state where potential radiological hazards are 
acceptably low. A surveillance and maintenance programme can then be introduced 
until a final storage is available or possibly in some cases until the radioactive 
materials have decayed to unrestricted release levels. In most cases, dismantling 
should not commence until storage/disposal facilities are available. Furthermore, a 
deferred Stage 3 may be justified in financial terms, even when the cost of continued 
surveillance and maintenance and the cost of any future equipment are included in 
the estimates. 

For many small nuclear facilities, it may be desirable to proceed directly to 
Stage 3, as noted in Section 3.2. 

4.4.4. Details of decommissioning activities 

Each decontamination, dismantling and waste management activity must be 
identified and analysed in sufficient detail so that the required human, financial and 
material resources can be procured. For each sequential step of an activity, e.g. 
removal of a pump, appropriate procedures should be identified. The man-hours, 
materials and equipment required for each specific activity can then be estimated 
together with occupational doses and labour costs. Information required for each 
activity include items such as: 

— the number, qualifications and experience of the people involved; 
— equipment and tools (e.g. decontamination equipment, cutting tools); 
— protective equipment (e.g. gloves, masks, etc.); 
— support services (health physics, workshops, laboratory analysis); 
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— radiological instrumentation; 
— time required to complete the activity; 
— expected occupational doses in accordance with ALARA principles; and 
— other interacting work activities. 

Also, to reduce radiation doses to workers, an effective sequence for decon-
taminating and dismantling contaminated and/or activated components should be 
established. For example, in some cases it may be desirable to remove the most 
active piece of equipment first, while in other cases it may be preferable to remove 
less active pieces to allow easier removal of the active piece. 

The specialized tools and techniques for decontaminating and dismantling are 
described in previous IAEA documents [2-6]. Auxiliary equipment such as cranes, 
hoists, trolleys and special support structures may be required to perform a specific 
task. The need for such equipment should be identified during the planning phase, 
to ensure that it is available when the particular decommissioning activity is per-
formed. If decommissioning is deferred for long periods, items such as cranes and 
electrical supply systems may have to be replaced or fully renovated. 

An assessment, addressing both nuclear and industrial safety, should be made 
for each decommissioning activity to ensure protection of workers, the general popu-
lation and the environment (Section 4.4.6). 

4.4.5. Project management team 

A description of the decommissioning management team, including details of 
the roles, responsibilities and authority of the project manager and key staff and the 
interfacing and working relationships with other interested parties, should be sum-
marized in the plan. The qualifications of decommissioning staff, including the need 
for specialized and/or familiarization training related to nuclear facilities, should be 
specified for all personnel, including contractors. Particular reference should be 
made to the arrangements for the management of radiation protection and safety. 

4.4.6. Nuclear and industrial safety 

The licensee is responsible for developing and implementing nuclear and 
industrial safety programmes, which take into account the radiological characteriza-
tion of the facility to ensure that the workers, the public and the environment are pro-
tected. These programmes should identify the organizations responsible for 
implementation and describe the controls which will be used to ensure compliance 
with national and local criteria and codes. In addition, arrangements for handling 
contingency and emergency situations which may arise during decommissioning 
should be prepared. 

14 



4.4.7. Security and safeguards of nuclear materials 

Measures securing the site and safeguarding any fissile materials left on site 
during decommissioning should be defined to demonstrate compliance with national 
and international rules and regulations. 

4.4.8. Safety, performance and environmental assessments 

The decommissioning plan should include comprehensive safety, performance 
and environmental assessments of the selected decommissioning option, including 
the radiological and non-radiological risks to the workers, the public and the 
environment. 

4.4.9. Quality assurance requirements 

The plan should include a summary of a quality assurance (QA) programme. 
The requirements and guidance for establishing such a programme are described in 
Section 6. 

4.4.10. Management of wastes 

The decommissioning plan should contain a summary of the key elements of 
the waste management programme, a major and essential part of any decommission-
ing activity. Waste management is discussed in detail in Section 7. 

4.4.11. Financial estimates and demonstration of adequate funding 

The licensee should include in the plan a summary of estimated cost of decom-
missioning and show that adequate funds will be available to complete the preferred 
decommissioning programme. Methods for developing cost estimates for decommis-
sioning and other financial considerations are summarized in Section 8. 

4.4.12. Records 

The decommissioning plan should identify procedures and equipment which 
will be used to acquire, record and manage important information related to all 
aspects of the programme and to ensure the retrievability of the documentation. This 
function should be carried out by the decommissioning organization, but the respon-
sibility for the planning, implementation and maintaining of the record system and 
procedures remains with the licensee. 
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Typically, after completion of decommissioning, the records would contain 
information on all operations described in the plan, including items such as: 

— details of the licence, other authorization documents and all criteria and 
standards used during decommissioning; 

— details of the equipment and procedures used; 
— all recommendations, audit reports, corrective actions, agreements, endorse-

ments and consents in respect of any stage of the decommissioning 
programme; 

— all safety assessment documentation; 
— any independent reviews prepared in accordance with national requirements; 
— all references cited in the safety documentation or a statement where a refer-

enced document can be located; 
— drawings used during decommissioning activities; and 
— details of the final radiological survey for release of the site. 

4.4.13. Final site radiological clearance requirements 

The licensee should present to the regulatory body for approval, if required, 
the cleanup plans, and means to verify compliance with specified criteria for the final 
cleanup of the site for unrestricted or restricted use. This will allow radiation and 
contamination control procedures and the final radiological survey to be conducted 
against quantified objectives. 

4.4.14. Legal and regulatory considerations 

The licensee should identify the national, state and municipal regulations, stan-
dards and laws which will be applied to the decommissioning programme, with 
respect to all matters including: 

— health and safety of workers, the general population and the environment; 
— radioactive waste management, including transport regulations; 
— limits for unrestricted or restricted release of materials, buildings and site; 
— industrial safety. 

In many Member States, while regulatory requirements for design, construc-
tion, commissioning and operation of nuclear facilities are already established, 
specific requirements for decommissioning have yet to be developed or finalized. In 
the absence of such requirements, decommissioning activities could be undertaken 
on a case by case basis under existing regulations for operational facilities. However, 
in such cases the licensee should consult the regulatory body more frequently (than 
if regulations were available) throughout the development and implementation of the 
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decommissioning programme. In the plan, the licensee should demonstrate how 
compliance with these regulations will be achieved. 

4.5. FINAL RADIOLOGICAL SURVEY 

When decommissioning has proceeded to Stage 3, a final radiological survey 
will have to be conducted to demonstrate that the site of the nuclear facility and any 
buildings left intact can be released for unrestricted use. A detailed review of the 
survey requirements, equipment and methods for monitoring for compliance with 
release criteria is provided in Refs [6, 9]. 

Steps to ensure that the decommissioned facility and site comply with release 
criteria include items such as: 

— identification, provision and calibration of suitable instruments and laboratory 
facilities; 

— direct measurements to determine residual radioactivity; 
— samples for laboratory analyses (e.g. core samples deep into the biological 

shield thickness of a facility to ensure that the remaining concrete is not 
radioactive); 

— statistical evaluation of data to demonstrate compliance with release criteria; 
— proper documentation of every aspect of the compliance survey. 

Before the final radiological survey is implemented, a document describing the 
intended procedures and means of compliance with release criteria should be pre-
pared for consideration by the regulatory body. After the survey has been completed, 
the regulatory body may perform measurements to verify whether the release criteria 
have been complied with. 

If the decommissioning programme covered only Stage 1 or Stages 1 and 2, 
it will be necessary to perform a radiation survey at the end of the programme and 
to define and implement subsequent surveillance and maintenance arrangements 
acceptable to the regulatory body . 

5. DECOMMISSIONING MANAGEMENT 

5.1. RESPONSIBILITIES OF THE PROJECT MANAGER 

Regardless of whether the licensee or contract staff undertake all or part of the 
decommissioning programme, a project manager should be appointed. The project 
manager would act on behalf of the licensee and be in charge of all aspects of the 
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planning and management of the decommissioning programme. However, the 
licensee remains legally responsible for achieving safe decommissioning of the 
facility. The project manager should be appointed as soon as possible after the 
decision to close down the facility has been taken so as to be fully involved in 
planning the decommissioning programme. This is the best way to ensure maximum 
management commitment, motivation and understanding of requirements for the 
programme. 

In parallel with preparing a decommissioning plan and obtaining regulatory 
body approval where appropriate, it is necessary to define and implement suitable 
management arrangements. For projects such as decommissioning, it is helpful to 
distinguish between technical and administrative aspects when defining these 
arrangements, even if both aspects are eventually managed by the same personnel. 

Sections 5.2 and 5.3 outline the principal technical and administrative matters 
that should be planned and implemented by the project management team. 

5.2. TECHNICAL PLANNING AND MANAGEMENT 

Examples of the technical planning and management activities required to 
successfully implement and complete the decommissioning of a facility include: 

(i) Definition of job specifications for key staff 

To ensure good management and safety, the work and safety responsibilities 
for all staff should be clearly identified. For example, the electrical supervisor may 
be the duly authorized person for the approval of electrical work; or a specified 
person may have the responsibility for ensuring safety in a designated area. 

(ii) Identification and appointment of the decommissioning team 

The decommissioning team should include staff having all the required skills, 
qualifications and experience necessary for the decommissioning task, together with 
a suitable supervisory structure within which it can operate. It will be advantageous, 
particularly in the early stages of the project, to include, in the decommissioning 
team, persons who were involved in the operation of the plant. An example of a basic 
management team structure for decommissioning a small nuclear facility is shown 
in Fig. 1. For the decommissioning of simple facilities, the total management staff 
may only consist of four or five experts who take on multiple duties. These experts 
would draw assistance, as required, from nuclear facilities on the same site or from 
outside resources, e.g. medical services or instrumentation. The project manager 
may decide to allocate all or part of the decommissioning programme to contract 
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FIG. I. Example of a possible management structure for a decommissioning organization. 
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organizations. Basic requirements for a decommissioning team will be the same 
whoever carries out the operations. 

(iii) Identification and appointment of support staff 

The decommissioning team will require support from staff experienced in 
specialist topics such as QA, health physics, instrumentation and computer services, 
medical services and possibly additional project planning staff. These persons may 
or may not be part of the formal decommissioning team depending on circumstances. 
Inclusion of operational health physics staff f rom the plant in the team could be of 
great advantage, especially in small facilities where operational records may not be 
up to date. These personnel positions are also shown in Fig. 1. 

(iv) Qualifications and training 

To execute the job safely and efficiently, it will be necessary to ensure that all 
persons involved in the decommissioning project are qualified and experienced for 
the tasks they have to perform. In many cases, it will be necessary to train staff on 
special requirements related to the decommissioning of nuclear facilities, especially 
staff belonging to contractors. Therefore, training programmes should be established 
to ensure that staff meet these requirements and that records are kept to demonstrate 
the adequacy of the training. Also, training of dismantling staff on inactive mock-ups 
would reduce occupational exposures. 

(v) Routine inspection and maintenance system 

The decommissioning plan should include a routine inspection and main-
tenance programme for all safety related systems (e.g. ventilation, fire control, 
water, filters, radiation monitors, specified pumps, motors, fans, etc.). These will 
have to be maintained to comply with safety requirements. The system should 
include up to date records of maintenance performed, defects found and remedial 
actions taken. 

(vi) Specification of work packages 

The decommissioning plan will identify and justify the principal decommis-
sioning work packages. However, before work commences, these packages should 
be analysed in sufficient detail to allow the decommissioning team to execute the 
work with clear understanding and without the need for further significant explana-
tion. The packages would be arranged into interrelated groups, and a schedule of 
activities, probably represented as a bar chart, would be prepared. Formal project 
management techniques may be applied to the creation and management of work 
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packages, for example, a critical path network, i.e. a diagram indicating the 
sequences and interdependences of the various work packages. The work packages 
should be planned at an early stage because such planning greatly assists in the 
development of detailed cost estimates and the identification of specialist support and 
equipment that may be needed. 

(vii) Work allocation and review arrangements 

Procedures for safely allocating work packages to the decommissioning team 
must be developed. Work monitoring arrangements should be set up so that the 
project management schedule can be re-evaluated when unexpected circumstances 
arise. A senior member of the decommissioning team should hold periodic review 
meetings with all supervisors and health physics staff to assess work done, current 
status of the facility and future tasks. Each supervisor would then be aware of what 
is to be done next in other parts of the programme and in other related activities. 

At a higher level of control, a formal project meeting (with minutes taken) 
should be held periodically, and a report on overall progress should be presented at 
regular intervals to the regulatory body, licensee and other authorities, as 
appropriate, including the organization providing the funds. 

(viii) Data collection, records and reports 

A system should be set up by which printed data, operational records and 
reports are regularly received, registered and stored. The regulatory body may 
require that all, or some, of these records be kept after decommissioning is 
completed. For all but the smallest decommissioning projects, it is recommended 
that a technical data management and records officer be appointed (see Fig. 1). 

(ix) Ongoing licensing activities 

Since licensing related activities may continue at a significant level after the 
decommissioning plan has been initiated, key managers and support staff must have 
adequate time to continue licensing activities. Examples of these activities are 
implementation of actions that may arise following review of the decommissioning 
plan by the regulatory body, response to matters raised during regulatory inspec-
tions, and work necessary to comply with conditions specified on any certificate 
allowing decommissioning operations to proceed. These activities include possible 
revisions to safety documents, emergency arrangements and maintenance 
procedures. 
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(x) Selection and acquisition of special equipment 

The technical management staff must ensure that special equipment (e.g. 
instrumentation, decontamination units, transport containers, dismantling tools) has 
been identified in advance and procured in time to suit the planned sequence of 
decommissioning activities. 

(xi) Safety management 

It is advisable to designate a specific member of the decommissioning team as 
safety manager, or to retain the services of a safety consultant, to ensure compliance 
with the safety management aspects of the decommissioning plan. Safety procedures, 
including formal safety meetings and inspection and document controls, will also 
have to be set up. Interfaces for safety services are shown in Fig. 1. 

(xii) Statement of project completion 

Management time should be available to ensure that a satisfactory final report 
can be prepared and presented before the decommissioning team is dispersed to other 
duties and while all relevant data, experiences and knowledge are still readily avail-
able. This report should demonstrate that the facility and associated areas have been 
decommissioned to the state specified in the decommissioning plan or in approved 
modifications to the plan. 

5.3 ADMINISTRATIVE MANAGEMENT 

The administrative aspects of the project are the responsibility of the project 
manager, but expertise may be provided by specialists such as accountants and the 
purchasing and personnel departments attached to the facility and contracts officers. 
Key aspects of administrative management include: 

(i) Provision and approval of project budget 

A financial case will have to be made for the selected decommissioning option, 
which will include a detailed cost estimate and the rate and time-scale of expendi-
tures. The detailed cost estimate would be done as a joint activity between the techni-
cal management staff, who define the work packages and resources required, and the 
administrative staff who have the financial cost estimating expertise. After approval 
of the estimate, the project manager will have to agree on an expenditure budget for 
the decommissioning programme, with the organization that is providing the funds. 
This will, as a minimum, consist of a summary of decommissioning activities, the 
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agreed expenditure limit for each activity and the point of time when funds are 
required. 

(ii) Recording and monitoring expenditures 

For a decommissioning project on a multiplant site, where other operations are 
continuing, the project manager may be able to utilize existing accounting services 
for recording and monitoring expenditures. For a single plant site it may be neces-
sary to employ local accounting services. 

(iii) Cost and schedule control 

In addition to detailed control of expenditures, it will be necessary to provide 
monitoring of overall task and financial programmes. Typically, this will involve the 
generation and updating of expenditure profiles and percentage completed diagrams, 
together with data on key project milestones, and the extent to which milestones have 
been achieved or progress has been delayed. This information is essential for the 
regular project reports required by the organization providing funds. Achievement 
of technical and safety milestones will also be of particular interest to the regulatory 
body. 

(iv) Allocation and control of contracts 

For large projects, a contracts officer or department will be required to assist 
the project manager in negotiating contracts. However, it will be the responsibility 
of the project manager to ensure that any contracted work is done in a timely, eco-
nomic and safe manner. Before contracts are awarded, the qualifications and 
experience of the contract staff and the quality assurance procedures operated by the 
contractor must be verified. The contractor must also be fully briefed on the work 
practices and procedures and hazards associated with the execution of the work. 
Designated staff acting on behalf of the project manager could be assigned to the 
supervision of all contract work in the decommissioning programme. 

(v) Personnel services and staff communication 

For large projects, the services of an experienced personnel manager and staff 
are essential to look after all personnel problems associated with the decommission-
ing staff and staffing issues which may arise with operational staff following the 
closure of the facility. Principal aspects are likely to be substantial changes in the 
workforce involving staff reductions and/or redeployments, and staff counselling 
related to some uncertainty arising from the closure of the plant or finalization of 
various stages of the decommissioning programme. 
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In these matters, it is essential that the project manager should be aware of the 
needs of the staff and ensures that regular formal and informal communications are 
achieved. This will assist the team in achieving maximum efficiency and safety 
throughout the decommissioning programme. 

6. QUALITY ASSURANCE 

Any activity having an impact on the health and safety of workers or the public 
or affecting the success of the decommissioning project should be covered by a QA 
programme. For such activities, it is necessary to have written procedures (approved 
in advance), documentation, controls, guidance on the selective application of 
QA procedures and accurate information and techniques to verify compliance with 
QA procedures [15]. 

The QA programme — approved, if necessary, by the regulatory body — 
should be initiated before the decommissioning activities commence. A summary of 
the programme should be included in the decommissioning plan. 

The QA staff at each level should have the competence, authority and responsi-
bility to carry out the QA programme and report back to senior management if 
required. They must have free access to work areas and records so that they can 
identify problems, recommend solutions and verify that the solutions have been 
implemented in an appropriate manner. 

In developing the plan, it should be recognized that health and safety are not 
always affected to the same degree and a graded approach to QA can be developed 
to ensure an adequate level of quality for factors such as maintenance and equipment 
reliability. Less stringent controls could be utilized for quality related functions not 
affecting safety, whereas criteria should be applied to the maximum for safety related 
functions. 

The QA programme should include the following basic elements: design con-
trol, document control, procurement control, component identification, inspection, 
calibration procedures, non-conformance procedures, change control procedures, 
QA records and audits. 

An important element to emphasize in the development of a QA programme 
for decommissioning is the acquisition and retention of records and information rele-
vant to the facility. In the case of Stage 1 or Stage 2 decommissioning, the main-
tenance of accurate and complete information relating to the locations, 
configurations, quantities, and types of radioactivity remaining at the site is vital to 
the successful and safe execution of any surveillance and maintenance period and of 
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subsequent final decommissioning activities. Furthermore, for Stage 3 decommis-
sioning it is important to document that all radioactive materials present at the begin-
ning of decommissioning have been accounted for and their ultimate destination 
confirmed. It is also important to have documentary evidence that all exempted 
materials and the site itself have been properly monitored before being released into 
the public domain. 

7. WASTE MANAGEMENT 

The methods for treating, conditioning, handling, storing, transporting and 
disposing of radioactive wastes from decommissioning will, in general, be similar 
to those used in other parts of the nuclear industry during operation, maintenance 
and refurbishment of facilities. Most of these methods and related guidance are 
covered in other IAEA publications [16-24]. 

However, the logistics related to the management of wastes from decommis-
sioning are somewhat different from operational waste programmes in that the rate 
of generation of wastes is much higher for decommissioning. The following section 
discusses some other special considerations related to the management strategy for 
decommissioning wastes. As for other nuclear activities, decommissioning opera-
tions which produce radioactive wastes should not be initiated until well defined 
waste management arrangements have been made. 

A summary of the waste management plan should be included in the decom-
missioning plan presented to the regulatory body. The waste management plan 
should be based on national radiological and radioactive waste management 
regulations, if available, or international recommendations and should include items 
such as: 

(a) criteria for segregating wastes into various categories such as inactive, 
exemptible, low, intermediate and high level radioactive waste; and toxic 
waste; 

(b) criteria for the restricted/unrestricted reuse or recycling of equipment or 
materials from decommissioning; 

(c) an estimate of the sources and types of wastes, their physical and chemical 
characteristics, and volume ôf each waste category including the rate at which 
waste will be generated; 

(d) the plans and procedures for handling, treating, conditioning, storing and dis-
posing of the radioactive and toxic wastes from the decommissioning; 
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(e) procedures for monitoring radioactivity, including monitoring exempt wastes 
before unrestricted release [9] as well as taking and analysing samples; 

(f) proposed methods for minimizing the creation of waste and reducing the 
amount of contaminated waste; and 

(g) a safety assessment of the waste management plan. 

If some wastes are to be released for unrestricted use, special monitoring and 
analysis procedures, capable of measuring the very low levels of radioactivity that 
are specified for unrestricted release, must be available. For this purpose an area 
having low background radiation may be required so that the necessary measure-
ments can be made and/or extensive sampling and counting in the laboratory can be 
implemented. 

8. DECOMMISSIONING COST AND FINANCING 

As part of any decommissioning planning, the cost of the work to be performed 
needs to be assessed. A cost estimate will provide the licensee with a means of evalu-
ating technical options and executing the decommissioning programme. An estimate 
of the cost is also needed by the licensee, as a basis for issuing and evaluating work 
to be subcontracted and, in addition, as a management tool against which progress 
and job performance can be measured: In some Member States, the regulatory body 
can use the estimate in assessing the ability of the licensee, financially, to complete 
the decommissioning programme safely and satisfactorily. 

8.1 COST ESTIMATES 

The licensee should prepare decommissioning cost estimates before the shut-
down of the facility. Primarily, these estimates will identify the magnitude of the 
licensee's financial responsibility and, if needed, can be used to secure an appropri-
ate level of funding for the programme. The cost studies should assess each viable 
decommissioning option, including a comparison of immediate versus deferred 
decommissioning to identify which is most cost effective. Also, cost estimates from 
previously completed decommissioning of similar types of nuclear facilities may be 
taken into account. 

In Member States which require funds to be set aside during operation to pay 
for decommissioning, the decommissioning cost study would normally be done early 
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in the life cycle of the facility, e.g. during construction. This plan would be updated 
regularly to ensure that enough funds are being collected. 

The following costs should be included in the conceptual evaluation: 

— operational and contract staff salaries accumulated from the date of shutdown; 
— project management costs; 
— supporting services; 
— decontamination, dismantling and waste management costs; 
— preparation work including special equipment and development; 
— planning and licensing; 
— material, equipment and supplies; 
— overheads and contingency; 
— surveillance and maintenance; and 
— security costs. 

There may be additional components which should be stated, for example: 

— plant residual capital value; 
— revenue from the sale of surplus equipment and materials for reuse or recycling 

in accordance with relevant regulations. 

In some Member States, the cost of fuel management is part of the decommis-
sioning costs. 

8.2. ELEMENTS OF DECOMMISSIONING COSTS 

The structure of decommissioning costs is similar to the structure of construc-
tion project costs rather than to the operating costs of a facility, because of the 
possible need to design, engineer, procure and erect specialized and dedicated plant 
and equipment. 

The basic elements of all cost estimates include labour, materials, equipment, 
energy and services. One approach to estimate costs is to divide the costs into two 
categories: (1) activity dependent costs; and (2) time dependent costs. Each category 
includes some or all of the basic topics identified in Section 8.1, but this categoriza-
tion simplifies the estimating process [3]. 

Activity dependent costs are those directly related to engineering, develop-
ment, preparatory works, decontamination, dismantling, packaging, shipping and 
disposal. They include all labour, materials, equipment and services associated with 
the hands-on activities. 

Time dependent costs are those associated with project management, adminis-
tration, routine maintenance, nuclear, environmental and industrial safety and 
security. They are not directly assignable to any one activity, but continue for the 
duration of the decommissioning programme. 
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Some special costs (e.g. one-time costs such as licences, permits and heavy 
equipment purchases) may have to be identified within either of the above two 
categories. 

8.3. COST ESTIMATING GUIDELINES 

The preparation of cost estimates using the above approach relies on the 
development of unit cost factors. Each repetitive event such as cutting pipe, segment-
ing vessels, demolishing concrete, transporting wastes and disposing of wastes 
including labour, equipment, materials and services is individually cost estimated. 
The unit cost factors are then expressed in terms of the cost per cut, cost per cubic 
metre demolished, cost per trip, cost per metre of burial, etc. 

However, it is important to note that these unit costs represent only part of the 
overall costs, a major part being the cost of preparation work. If several plants of 
the same design have been decommissioned, then it may be possible to develop cost 
factors for some of the preparation work; otherwise large contingency factors would 
have to be included. 

Sources of information for developing costs include recorded experience, 
estimating handbooks and equipment catalogue performance data. Calculations of 
activity dependent costs include set-up time, operating time, manpower required, 
consumables, support services and energy consumption. 

Preparation of a facility decommissioning cost estimate consists of the follow-
ing steps [3]: 

— work sequence development; 
— activity dependent costs; 
— programme schedule development; 
— time dependent costs; 
— total programme costs. 

These steps are discussed in greater detail in Ref. [3]. 
A few cost studies on decommissioning of research reactors and other small 

nuclear facilities [25, 26] include an assessment of the accuracy of the cost estimates. 
In the international arena it is difficult to express decommissioning costs in a 

readily comparable manner. The differences in site specific factors coupled with 
differences in scope of selected decommissioning stages make comparisons from 
project to project rather difficult. The various monetary units further complicate the 
issue of trying to establish cost estimate benchmarks. Therefore, available studies 
may be used only as a reference and are not necessarily applicable, as a whole or 
in part, to any new project. 
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8.4. FINANCING METHODS AND APPROACHES 

Costs for decommissioning nuclear facilities should be estimated well in 
advance of plant shutdown to determine how much funding will be needed and how 
to pay for it. The cost units may be estimated by the methods described in the above 
sections and should be reviewed periodically to adjust for economic, political and 
technological changes. The funding methods for each type of facility depend on the 
preference of the owner organization within the framework of national laws or 
governmental decisions. The actual funding practices vary widely both nationally 
and internationally. 

The two primary objectives in funding for decommissioning are: a high degree 
of assurance of the availability of funds and low cost of providing that assurance. 
The degree of assurance is a measure of how effective the funding method is in 
providing funds when needed. Since decommissioning is a phase of the life of the 
facility, it is generally agreed that all decommissioning costs, including financial 
charges, are to be considered as part of the overall revenue costs of the facility, 
unless national policies establish a different position. Guidance on financial provi-
sions is provided in Refs [27, 28]. Some funding methods for decommissioning are 
described below. 

8.4.1. Prepayment 

In this method, cash or other liquid assets that will retain their value for the 
projected operating life and subsequent decommissioning of the nuclear facility are 
deposited before plant operation commences, into an account segregated from 
licensee assets and outside its administrative control. Prepayment can be in the form 
of a trust, certificate of deposit, government security, escrow account, or govern-
ment fund. 

8.4.2. External sinking fund 

The external sinking fund requires that a prescribed amount of funds be set 
aside in an account at fixed regular intervals over the life of the facility , such that 
the funds plus accumulated interest would be sufficient to pay for decommissioning 
costs. The account would be segregated from the licensee's assets and outside 
licensee control. Types of accounts could be similar to those described above for 
prepayment. 

8.4.3. Internal reserve 

This approach also allows estimated decommissioning costs to be accumulated 
over the life of the nuclear facility. In this method the funds are not segregated from 
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the company's assets, rather they are invested in its assets. At the end of the life of 
the nuclear facility, bonds are issued against these assets and the funds raised are 
used to pay for decommissioning. This approach can also take the form of a 
segregated internal reserve, which is similar to an external sinking fund, except that 
funds are held by the company. 

8.4.4. Insurance, surety bonds, letters and lines of credit and other guarantee 
methods 

Insurance could be used to provide coverage for premature decommissioning 
expenses. An insurance type mechanism might also be used for all decommissioning 
expenses, including those planned under normal circumstances. The surety bond, 
credit methods and other guarantee methods ensure that the decommissioning costs 
will be paid should the licensee default. The licensee would still be responsible for 
paying for decommissioning. The costs of guarantee methods, such as sureties, 
letters of credit or insurance, would be in addition to normal decommissioning 
expenses. 

8.4.5. Payment at decommissioning 

This method of funding is necessary if no financial provisions for decommis-
sioning have been made before or during the lifetime of the facility. Capital expendi-
ture is therefore required at the time of decommissioning. It is typically the approach 
used by government agencies for government owned facilities. The cost for decom-
missioning is identified with the government agency, and the agency in turn requests 
a capital expenditure, either for the entire programme or for an annual disbursement. 
In the case of demonstrated financial difficulties in the funding of the decommission-
ing, the government of the Member State may become involved. 

9. RESPONSIBILITIES A N D FUNCTIONS O F 
PARTIES IN DECOMMISSIONING 

9.1. ROLE OF THE REGULATORY BODY 

The regulatory body empowered to enforce legislation and regulations related 
to commissioning and operating nuclear facilities is generally also responsible for 
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regulating decommissioning activities. The responsibilities of the regulatory body 
regarding decommissioning should typically include [8]: 

(i) making recommendations to the appropriate government authority regarding 
the development and implementation of national policy, legislation and 
strategy for the safe decommissioning of facilities; 

(ii) developing the detailed information required to draft the laws and regulations 
for decommissioning and for making licensing decisions; 

(iii) developing the regulations and guides required to carry out the national decom-
missioning policy and strategy; 

(iv) reviewing and approving plans and submissions relating to the decommission-
ing of specific facilities; 

(v) issuing permissions, where necessary, for the decommissioning of facilities 
and ensuring compliance with the relevant requirements and regulations; these 
permissions may vary in degree of formality from a letter of authorization to 
a formal licence with binding conditions; 

(vi) ensuring that decommissioning activities which generate radioactive wastes 
will not be started unless a storage/disposal facility is available; 

(vii) inspecting to assure compliance with regulatory requirements; and 
(viii) ensuring that key long term records for the facility and areas released for 

unrestricted use are retained, e.g. the final radiation survey. 

9.2. ROLE OF THE LICENSEE 

Licensees are responsible for ensuring that relevant rules and regulations are 
applied on a site specific basis to the decommissioning of their nuclear facility. A 
licensee's responsibilities should typically include [8]: 

(a) preparing the licence application for a new facility including the preliminary 
plan to show that decommissioning of the facility can be carried out safely and 
that adequate funds will be available; 

(b) during design and construction, assessing features which would facilitate 
decommissioning; 

(c) during the operational phase, maintaining records of information relevant to 
decommissioning and ensuring that this can be retrieved easily. The data 
should include a current description of the condition of the facility, a back-
ground radiation survey of the site before construction, and experience from 
the handling of contaminated or irradiated structures, systems and components 
during maintenance, modification or following abnormal events; 

(d) characterizing the facility before decommissioning starts so that final plans can 
be made, suitable equipment procured and staff trained. Characterization 
includes establishing the type, amount and distribution of the radioactive inven-
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tory, the chemical and physical form of the radioactive materials and the types 
and quantities of radioactive and toxic wastes; 

(e) drawing up a final decommissioning plan in accordance with the regulatory 
requirements; 

(f) ensuring that suitable staff and equipment are available to complete the job; 
(g) proposing solutions for the storage or disposal of decommissioning wastes 

before decommissioning starts; 
(h) conducting decommissioning activities; 
(i) providing feedback on decommissioning activities to the regulatory body to 

enable it to monitor the ongoing decommissioning process in a timely way; 
(j) submitting a final report to the regulatory body at the conclusion of 

decommissioning. 

9.3. ROLE OF DECOMMISSIONING PROJECT ORGANIZATION 

To conduct a decommissioning programme effectively, the licensee should 
establish a project organization. The organizational structure would depend on which 
of the following options was selected: 

— The licensee's own organization decides to perform the overall decommission-
ing programme. To do this it will be necessary to retain and manage well 
trained operating personnel, site services and infrastructures (e.g. health 
physics, radiation monitoring and measurements, workshops, security and 
administrative resources). 

— The licensee decides, with the agreement of the regulatory body, where 
appropriate, to contract all work to national or international contractors and 
consultants. 

— The licensee decides to retain responsibility for project management and 
licensing activities but contracts specific decommissioning activities to external 
organizations. 

Whatever the decision, the licensee is legally responsible for compliance of the 
decommissioning programme with regulatory requirements. 
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10. REGULATORY INTERFACES 

10.1. EVALUATION AND APPROVAL OF THE DECOMMISSIONING PLAN 

The decommissioning plan prepared by the licensee will be submitted for 
approval, where appropriate, by the regulatory body, and interfaces will be estab-
lished as indicated in Fig. 2. 

The regulatory body may request additional information and require produc-
tion of revised or additional documentation or actions. These additional items may 
be included on an agreed outstanding actions plan, which is monitored by the regula-
tory body as part of its normal inspection activities. Such plans are used to ensure 
that actions are taken while providing a basis for work to continue in the meantime. 
During this process, the regulatory body may give particular attention to issues 
including the following: 

(i) Safety and environmental assessment 

The regulatory body will assess if the safety justifications, both nuclear and 
industrial, have been adequately addressed for all the operations foreseen and 
described in the decommissioning plan. 

The assessment will consider such topics as radiological protection of workers, 
the general population and the environment, in order to verify conformance with 
ALARA principles and national and international radiological protection standards. 
The analysis will also give particular attention to the adequacy of instrumentation, 
provision of regular maintenance routines, arrangements for emergencies, decon-
tamination measures, protective clothes, and the training and qualifications of 
personnel. 

(ii) Waste management evaluation 

The procedures presented by the licensee to manage the wastes arising from 
the decommissioning of its nuclear facility must be considered and approved, where 
appropriate, by the regulatory body. An assessment of the various operations regard-
ing waste management (handling, separation, treatment, transportation, storage, 
release) may be carried out by the regulatory body with respect to safety, radiation 
protection and environmental protection. Any procedures which show lack of com-
pliance with good practice, national regulations and international standards, must be 
revised by the licensee to the satisfaction of the regulatory body. 
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FIG. 2. Example of possible interfaces between licensee and regulatory body during 
decommissioning. 
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(iii) Risk evaluation 

The risk analysis may be reviewed as appropriate by the regulatory body to 
identify if sufficient protective measures have been proposed and whether adequate 
remedial actions have been identified to cope with accident situations. 

(iv) Review of the justification of the decommissioning activities 

The regulatory body may review the analysis and justification of the various 
decommissioning activities and the corresponding management arrangements. 

10.2. SURVEILLANCE 

During the decommissioning programme, the regulatory body will exercise 
appropriate surveillance in line with existing national regulations. For facilities that 
have been decommissioned to Stage 1 or Stage 2, the regulatory body may wish to 
approve arrangements to continue radiological surveillance and plant inspection and 
maintenance. 

10.3. REVIEW OF FINAL ACTIVITIES 

The regulatory body must review, as appropriate, the submitted programme 
for restricted or unrestricted reuse of the nuclear facility, associated buildings and 
areas to verify that all the criteria have been met in line with national policies. 

10.4. GENERAL COMMUNICATIONS 

In addition to the above specific interfaces, the licensee will be expected to 
maintain good general communications with the regulatory body so that both parties 
are fully aware of key issues at all times. 
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11. RECOMMENDATIONS FOR FURTHER WORK 

Although there is considerable information available on planning the decom-
missioning of research reactors and other small nuclear facilities, areas where further 
work is desirable include: 

(a) ' publishing case studies from successful decommissioning projects on research 
reactors or other small nuclear facilities; 

(b) encouraging active co-operation between decommissioning projects in 
Member States by, for example, advice from experienced project managers to 
organizations in Member States with relatively little experience in decommis-
sioning management; 

(c) providing recommendations and harmonization initiatives on restricted or 
unrestricted release criteria for nuclear materials in Member States; 

(d) providing guidance for the design of new facilities, plant operations and record 
keeping, with the objective of facilitating safe decommissioning; 

(e) set up databases on special areas of decommissioning, for example on items 
such as cost estimating and funding methods, radiation doses for common tasks 
and reducing occupational exposures. 

12. SUMMARY 

1. Planning and management information relevant to the safe and efficient 
decommissioning of research reactors and other small nuclear facilities has 
been presented to assist operators and regulators. The report should be read 
in conjunction with technical, regulatory and safety requirements that would 
apply to a specific decommissioning project, taking account of national and 
local regulations and strategies in Member States. 

2. The report should be of particular benefit to Member States which do not yet 
have experience in the decommissioning of research reactors and small nuclear 
facilities. However, it should also be of interest to those involved in any aspect 
of nuclear decommissioning, including organizations concerned with larger 
nuclear installations. The applicability of all or parts of the report to this wider 
audience will be best judged on a case by case basis. The planning and manage-
ment of relatively minor decommissioning tasks would not necessarily require 
application of the full range of management techniques outlined in this report. 
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3. The decommissioning process has been addressed by discussion of strategic 
factors, planning, project management, quality assurance, waste management, 
cost estimating, funding, responsibilities and regulatory interfaces. Principal 
points arising from these considerations are: 

(a) For all but the least complex decommissioning projects, an experienced 
project manager should be appointed. The appointment should be made, 
where practicable, during the early stage of decommissioning planning. 

(b) Nuclear decommissioning projects benefit considerably in terms of cost 
and safety, through good and comprehensive planning, which should 
start well before the proposed final shutdown. If this is not possible, then 
the planning for decommissioning should commence as soon as possible 
after final shutdown. 

(c) Good records (e.g. design and construction details, radiological inven-
tory, operational history, incidents, etc.) are essential for the safe and 
efficient decommissioning of nuclear facilities. These records should be 
collected during the design, construction and operational phases of the 
plant's lifetime. Measurements and investigations may have to be con-
ducted to supplement inadequate records. 

(d) While all aspects of a decommissioning plan are important, there are 
some key elements which, if not clearly defined and agreed upon by the 
parties involved, could lead to major disruption of the project. For 
example, these include items such as: detailed safety and environmental 
assessments of the selected decommissioning option and plan; suitable 
waste management strategy and facilities; adequate funds; and a good 
project management team. 

(e) Even limited planning will yield considerable benefits in safety and cost 
effectiveness. 
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Annex 

STAGES OF DECOMMISSIONING 

STAGE 1 OR STORAGE WITH SURVEILLANCE 

In this stage the preliminary decommissioning activities are carried out. It is 
recommended that these be undertaken at the earliest practicable time after the final 
shutdown. During and subsequent to this stage continuing surveillance of the reactor 
is necessary. Activities during this stage may include the following: 

(a) Removal of the fuel from the reactor core. 
(b) Removal of fuel from the reactor site if practicable. 
(c) Removal of contaminated coolants and other readily removable contaminated 

and activated materials (including, if appropriate, any stored radioactive 
waste). 

(d) Ensuring that systems containing radioactive material are in a stable condition 
and sealed. 

(e) Removal from service of ancillary non-essential systems. Consideration should 
be given to the possible future need for such systems as ventilation, heating, 
etc., bearing in mind that such need could continue for several decades. Sys-
tems that are retained may need to be modified to take account of anticipated 
requirements and should be suitably protected and subject to regular surveil-
lance to ensure that they remain in an operational condition. It is to be expected 
that at least some radiation monitoring equipment will remain operational. 

(f) Control of access to the reactor and the reactor site. 
(g) Regular surveillance of the radiological and physical state of the reactor site 

and the functional state of operating systems to the extent considered necessary 
in the light of the remaining radioactive inventory. 

(h) Regular radiation monitoring of the environment taking into account the 
possible release of radioactivity. 

(i) Release for unrestricted use of materials and equipment in or on which the 
radioactivity is below authorized limits. 

STAGE 2 OR RESTRICTED SITE USE 

In this stage further decommissioning activities, without complete dismantling 
of the reactor, are undertaken. As a consequence, on completion of this stage, parts 
of the site may be released for use subject to constraints imposed by the regulatory 
body. Remaining parts of the reactor site should be subject to a further period of 
storage with surveillance. 
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In addition to items (a), (c) and (e)-(i) listed under Stage 1, the following may 
be undertaken: 

(j) Removal of fuel from the reactor site. 
(k) Decontamination of those contaminated areas which may be readily decontami-

nated down to levels of radioactivity below authorized limits for unrestricted 
release. The remaining areas containing radioactivity above authorized limits 
are physically sealed to prevent unauthorized access and/or release of 
radioactivity. 

(1) Systems containing radioactive material that would be outside the areas of the 
reactor or reactor site which it is planned to seal may be dismantled and either 
removed from the site or placed in the areas of the reactor or reactor site which 
are to be physically sealed. 

The extent to which the sealing of areas containing radioactivity is carried out 
depends upon the specific circumstances and may range from the erection of barriers 
that can be removed without excessive effort to sealing with a thick overlay of rein-
forced concrete. 

The degree of surveillance required during any period of storage after Stage 
2 of decommissioning is unlikely to be as high as that required following Stage 1. 
It should however be adequate to give continuing assurance of the radiological and 
structural integrity of the barriers and should be in accordance with regulatory 
requirements. 

STAGE 3 OR UNRESTRICTED SITE USE 

In this stage, decommissioning of the reactor is completed, leading to the 
release of the site for unrestricted use. Items (i) of Stage 1 and (j) of Stage 2 apply. 
Other relevant activities are: 

(m) All materials, equipment and structures in or on which radioactivity is present 
above authorized limits for unrestricted access or use are either decontami-
nated, where practicable, until levels are below these limits, or are removed 
to an approved storage or disposal facility, 

(n) A final radiation survey is conducted to ensure that no residual radioactivity 
above authorized limits arising from the presence of the reactor remains on the 
site. After this survey the site may be released for unrestricted use and no 
further surveillance, inspections or tests are required. 
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GLOSSARY* 

activation. Radioactivity of the radionuclides produced within materials by neutron 
irradiation. 

ALARA. An acronym for 'as low as reasonably achievable', a concept meaning that 
the design and use of nuclear facilities, and the practices associated with them, 
should be such as to ensure that exposures are kept as low as reasonably prac-
ticable, technical, economic and social factors being taken into account. 

contamination, radioactive. The presence of a radioactive substance or substances 
in or on material. 

critical assembly. An assembly of sufficient fissionable and other material intended 
to sustain a fission chain reaction at a low power level for measurement 
purposes. 

decommissioning. Actions taken at the end of a useful life of a nuclear facility 
in retiring it from service with adequate regard for the health and safety of 

workers and members of the public and protection of the environment. The 
ultimate goal of decommissioning is unrestricted release or use of the site. 
This definition does not apply to nuclear facilities used for mining and miling 
of radioactive materials (closeout) and for the disposal of radioactive waste 
(closure). 

decommissioning plan. A document, prepared in anticipation of ôr shortly after the 
final shutdown of the research reactor or nuclear facility, containing detailed 
information on proposed decommissioning activities. 

decontamination. The removal or reduction of radioactive contamination by a 
physical and/or chemical process. 

dismantling. The disassembly and removal of any structure, system or com-
ponent in decommissioning. Dismantling may be performed immediately 
after permanent retirement of a nuclear facility or may be deferred. 

disposal. The emplacement of waste in an approved, specified facility (e.g. near 
surface of geological repository) without the intention of retrieval. Disposal 
also covers the approved direct discharge of effluents (e.g. liquid and gaseous 
wastes) into the environment with subsequent dispersion. 

experimental device. A device or set of devices installed in or around the reactor 
to utilize neutron flux and ionizing radiation from the reactor for research, 
development, isotope production or any other purpose. 

* Definitions from the Radioactive Waste Management Glossary, 3rd edn, have been 
adopted (to appear in 1993). 
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licensee. The applicant/holder of a licence issued by the regulatory body to perform 
specific activities related to the siting, design, construction, commissioning, 
operation or decommissioning of a nuclear facility. The applicant becomes 
the licensee after having received a licence issued by the regulatory body. 

maintenance. The planned activity of keeping equipment and systems (e.g. ventila-
tion plant, radiological instruments) in good operating condition, including 
both preventive and corrective (or repair) aspects. 

monitoring. The measurement of radiation or radionuclides (e.g. groundwaters, 
effluents, personnel) for reasons related to the assessment or control of 
exposure to radiation or radioactive material, and the interpretation of such 
measurements. Monitoring can be continuous or non-continuous. 

nuclear facility. A facility and its associated land, buildings and equipment in which 
radioactive materials are produced, processed, used, handled, stored, or 
disposed of on such a scale that consideration of nuclear safety is required. 
For the purposes of this report, only small nuclear facilities are considered. 
However, this notion of small is not primarily linked to the physical size of 
the facility, but to other parameters such as its radioactive inventory, structural 
complexity and technological difficulties for its dismantling. 

nuclear safety. Protection of all workers, general population and the environment 
from undue radiological hazards. 

operating organization. In waste management, the organization that performs, 
activities to select and investigate the suitability of a site for a nuclear facility, 
and that undertakes to design, construct, commission, operate and decommi-
sion such a facility. This term is preferred to 'implementaing organization' 
which appeared in earlier literature. 

procedure. A document which states the purpose and the scope of an activity and 
specifies how to perform it. 

project manager. Any person responsible for establishing and implementing 
the decommissioning strategy and related activities on behalf of the licensee. 

quality assurance (QA). All those planned and systematic actions necessary to 
provide adequate confidence that an item or service will satisfy given require-
ments for quality, for example, those specified in the licence. 

reactor. In this report, this term is used to include a research reactor or a critical 
assembly. 

regulatory body. An authority or a system of authorities designated by the 
government of a country or state as having legal authority for conducting the 
licensing process, for isuing licenses and thereby for regulating the siting, 
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design, construction, commissioning, operation, closure, closeout, decommis-
sioning and, if required, subsequent institutional control of the nuclear facili-
ties (e.g. near surface repository) or specific aspects thereof. This authority 
could be a body (existing or to be established) in the field of nuclear related 
health and safety, mining safety, or environmental protection vested and empo-
wered with such legal authority. This body could be the government or an 
international agency. 

research reactor. A facility used mainly for the generation and utilization of 
neutron flux and ionizing radiations for research and other purposes. 

restricted release (or use). A designation, by the regulatory body, to restrict 
the release or use of equipment, buildings or the site because of its potential 
radiological hazards. 

site. The area containing, or that is under investigation for its suitability to 
construct, a nuclear facility. It is defined by a boundary and is under effective 
control of the operating organization. 

stages of decommissioning. The term 'stage', in IAEA usage, implies a state or 
condition of a facility after decommissioning activities: 
Stage 1 : storage with surveillance; 
Stage 2: restricted site release; 
Stage 3: unrestricted site release. 
While an increasing number of Member States now use different terminologies 
and approaches, this report still refers to the conventional IAEA stages, for the 
sake of common understanding. 

storage (interim storage). The placement of waste in a facility where isolation, 
environmental protection and human control (e.g. monitoring) are provided 
with the intent that the waste will be retrieved at a later time. 

surface contamination. Contamination that is the result of the deposition and 
attachment of foreign materials to a surface. 

surveillance. Activities performed to ensure that conditions at a nuclear facility 
remain within the authorized limits. For a near surface waste repository, sur-
veillance normally continues past the periods of operation and closure. Also 
see monitoring. 

survey. A systematic investigation and measurement of radiation and/or 
contamination levels. 

unrestricted release (or use). A designation, by the regulatory body, that enables 
the release or use of equipment, materials, buildings or the site without restric-
tion. See also restricted release. 
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waste management. All activities, administrative and operational, that are 
involved in the handling, treatment, conditioning, transportation, storage and 
disposal of waste. 
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