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Abstract: The number of nuclear facilities being or planned to be shutdown as they reach the end of their 
design life, due to accidents or other political and social factors has been increasing worldwide. This has led to 
an increase in the awareness of regulators and operators of the importance of development and implementation 
of adequate safety requirements and criteria for decommissioning of these facilities. A general requirement at 
international and national levels, even for new facilities to be commissioned, is the development of a 
decommissioning plan, which includes evaluation of potential radiological consequences to public and workers 
during planned and accidental decommissioning activities. Experience has been gained in the safety assessment 
of decommissioning at various sites with different complexities and hazard potentials. This experience shows 
that various approaches have been used in conducting safety assessments and that there is a need for 
harmonisation of these approaches and for transferring the good practice and lessons learned to other countries, 
in particular developing countries with limited financial and human resources. 

The IAEA launched an international project on Evaluation and Demonstration of Safety during 
Decommissioning (DeSa) in 2004 to provide a forum for exchange of lessons learned between site operators, 
regulators, safety assessors and other specialists in safety assessment of decommissioning of nuclear power 
plants, research reactors, laboratories, nuclear fuel cycle facilities, etc. This paper presents the lessons learned 
through the project up to date, i.e.; (i) a common approach to safety assessment is being applied worldwide with 
the following steps - establishment of assessment framework; description of the facility; definition of 
decommissioning activities; hazard identification and analysis; calculation of consequences; and analysis of 
results; (ii) a deterministic approach to safety assessment is most commonly applied; (iii) a comprehensive 
approach to identification of radiological and non-radiological hazards needs to be applied, as in most 
decommissioning projects non-radiological hazards are predominant; (iv) there is limited experience worldwide 
on procedures for review of decommissioning safety assessments; (v) a graded approach is being applied on the 
basis of various criteria and there is no internationally agreed common approach; (vi) engineering evaluation of 
systems and components remains a challenge due to the gradual elimination of engineering barriers, aging of a 
facility and dynamic decommissioning activities; (vii) more clarity and guidance is needed on the interface 
between safety assessment for waste management and decommissioning. 

It is envisaged that consolidation of the knowledge, experience and lessons learned from decommissioning in 
over thirty Member States will provide a useful tool for the successful performance and regulation of 
decommissioning and for the release of sites from regulatory control consistent with international safety 
standards and good international practice. 
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1. Introduction 
The international project on Evaluation and Demonstration of Safety during Decommissioning of 
Nuclear Facilities (DeSa) was initiated by the IAEA in 2004 in response to a number of requests and 
inquiries from Member States for advice on good practice in conducting safety assessments of 
decommissioning activities. It also was commenced in response to the IAEA Board of Governors 
approval of an International Action Plan on Decommissioning of Nuclear Facilities in 2004. This 
Action Plan requested the Agency to “Establish a forum for the sharing and exchange of national 
information and experience on the application of safety assessment in the context of decommissioning 
and provide a means to convey this information to other interested parties, also drawing on the work 
of other international organizations in this area” [1]. 

The safety assessment of operational facilities in the nuclear industry is well understood, 
methodologies having been developed and refined over several decades. There is however much less 
experience of decommissioning and consequently of the safety assessment of decommissioning 
activities and less commonality of approach internationally. The approach to safety assessment to 
support decommissioning projects is recognised to be different in a number of important ways to that 
developed for operational facilities. Because decommissioning involves the breach of containment and 
other engineered safety barriers that would have been fundamental to the safety justification during the 
operational phase, and because plant conditions and configuration are subject to regular change, the 
hazards presented to workers, particularly in the earlier stages of a decommissioning project when risk 
may temporarily increase, can be relatively high. The safety assessment process is therefore important 
as it forms a firm foundation from which the safety of workers and the public is assured, by 
demonstrating how hazards should be mitigated and shown to be as low as reasonably practicable 
(ALARP). 

2. Safety assessment for decommissioning 
The basis of the safety assessment for decommissioning of facilities using radioactive material (e.g. 
nuclear power, plants, fuel cycle facilities, research reactors, laboratories, research centres) is 
decommissioning strategy, knowledge about the site, and associated facilities, as outlined in a 
decommissioning plan. The plan should reflect the adopted decommissioning approach optimising 
cost, programme, environmental impact, and not least radiological and conventional safety. In larger 
decommissioning projects with a number of distinct phases, the safety assessment process will 
normally align with each decommissioning phase. The safety assessment methodology developed as 
part of the DeSa project presents an approach that can be used in single and multi phase 
decommissioning projects (see Fig. 1) 
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Figure 1. Example of a safety documentation model for a complex decommissioning project 

In order to demonstrate the application of the methodology, three test cases are being developed for 
real facilities, volunteered by the Member States. These test cases will present safety assessments for 
three facilities with different complexity and hazard potential – a nuclear power plant, a research 
reactor and a nuclear laboratory. Two important areas are also investigated by the DeSa project – 
experience and lessons learned in the application of the graded approach in the development and 
review of safety assessment, and approaches and tools for review of safety assessment for 
decommissioning. 

The project collects the experience and knowledge of over fifty experts (regulators, operators,  and 
technical support specialists) from thirty countries. The implementation of the project through these 
phases is undertaken by participants in working groups that focus on specific tasks related the 
development, implementation and review of the safety assessment methodology. Five working groups 
(i.e. Assessment Framework, Hazard Analysis, Analysis of Results and Confidence Building, 
Regulatory Review and Graded Approach) contributed to the development of a safety assessment 
methodology during Phase 1. This methodology is currently being implemented on three test cases (a 
nuclear power plant, a research reactor and a nuclear laboratory) as part of Phase 2 (Fig. 2). 

Figure.2. Desa project activities 

The project is currently at the second phase (see Fig. 2) where five working groups (the three Test 
Cases, Regulatory Review and Graded Approach) are working and complementing each others’ 
activities. The project activities and goals are achieved through international meetings of the DeSa 
Project working groups and the third joint meeting to be held in November 2006 in Vienna. 

The project is due to conclude towards the end of 2007, and the primary outcome will be a suite of 
technical reports that provide a harmonised approach and a useful guide to the conduct of safety 
assessments, application of the graded approach and review of safety assessments, and will also 
include three decommissioning project Test Cases. It is envisaged that consolidation of the knowledge, 
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experience and lessons learned on decommissioning in over thirty Member States will provide a useful 
tool for the successful performance and regulation of decommissioning and for the release of sites 
from regulatory control consistent with international safety standards and good international practice. 
This safety report will complement the new Safety Requirements on Decommissioning of Facilities 
Using Radioactive Material (WS-R-5) [2], the supporting Safety Guides WS-G-2.1. [3], WS-G-2.2. [4] 
and WS-G-2.4 [5], as well as the new Safety Guide on Safety Assessment for Decommissioning of 
Facilities Using Radioactive Material (DS376) [6] currently in preparation. 

3. Lessons learned by DeSa project to date 
The main learning point from the DeSa project activities to date is that there is a real interest from a 
large number of Member States to establish an IAEA led harmonised methodology for the safety 
assessment of decommissioning activities. In particular: 

� Common approach to safety assessment 

A common approach to safety assessment is being developed and expected to be agreed during the 
DeSa project, based on the current knowledge and experience of participating Member States. Such an 
approach provides a number of benefits in better enabling of the sharing of international experience 
and more confidence in meeting regulatory expectations. The assessment process proposed by the 
DeSa project follows several common steps as presented in Fig. 3. [6, 7]: 

� Assessment framework; 

� Description of the facilities and decommissioning activities; 

� Hazard analysis; 

� Functional classification and engineering analysis 

� Evaluation of consequences;  

� Evaluation of compliance with criteria. 

This approach is being implemented in the development of the three test cases, which will be used to 
provide feedback and suggestions for improvement of the methodology, if necessary. 

� Consideration of Radiological and Industrial Hazards 

Another lesson learned in importance of the integration of the radiological and non radiological 
hazards that could constitute the greater risk to members of the critical group. The DeSa project 
recognises that because of the intrusive nature of decommissioning, the industrial hazards common to 
construction and demolition are equally important, and in many instances represent the majority of 
risk to workers. The integration of the ‘limits and conditions’ necessary for safety arising from the 
radiological safety assessment with the task based controls necessary for non radiological hazards are 
not always carried out effectively. The DeSa project has therefore addressed this matter with a clear 
methodology for the integration of all safety requirements. The outline of this process is shown below 
as Figure 4. 

Figure 3. The safety assessment approach 
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Figure. 4 Identification and integration of radiological and non-radiological hazards 
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approach to safety assessment is normally the most appropriate for decommissioning, as the breaching 
of controls and barriers during invasive work is most appropriately addressed by the identification of 
other barriers and controls to compensate for their loss. A risk based methodology is use to less extent, 
although it may have application in some accident scenarios and also where demonstration of 
compliance with risk criteria is required. 

� Phased Safety Assessment 

As mentioned and illustrated in Fig. 1, a decommissioning project may have a number of distinct 
phases, and in such a case it is often advantageous to carry out a high level overall safety assessment 
covering all phases, but with more detailed assessments being carried out as the project progresses. It 
is important that an overall assessment of safety is available before project commencement. To this 
end a high level overarching safety assessment can be produced that establishes the main safety 
controls for each phase, before the details of the decommissioning tasks have been established for all 
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phases. This overarching assessment can be used to secure regulatory endorsement of the overall 
project approach and to identify regulatory hold points. It also allows flexibility in adapting to 
knowledge gained and to better accommodate any changes to decommissioning activities, 
technologies or strategy. The detailed safety assessments for each phase can be carried out 
progressively, utilising the knowledge gained as the project proceeds. This approach to safety 
assessment is shown in Figure 2. 

� Review of safety assessment 

There seems to be limited experience worldwide on standardised systematic documented procedures 
for review of decommissioning safety assessment, so progress is being made through the DeSa project 
to identify good practices, analyse lessons learned and develop a useful tool that can be used by 
regulators, experts or organisations performing independent review or such assessments. The 
interaction between operators and regulators through the DeSa project has proved very valuable in 
development of a review procedure for safety assessment for decommissioning. 

Prior to the finalisation of the review procedure it is planned that the procedure will be tested in the 
review of the safety assessments to be performed for three DeSa test cases – a nuclear power plant; a 
research reactor and nuclear laboratory. Testing of the procedure and learning from the feedback is 
planned to be one of the main objectives of the third project meeting to be held from 13 to 17 
November 2006 at the IAEA in Vienna. 

� Application of the graded approach  

The application of a graded approach to decommissioning planning , including the development and 
review of safety assessment is a requirement [2] and also a good practice applied by regulators and 
operators around the world. The application of the graded approach can be applied to all stages of the 
safety assessment and review process, however few countries have systematic and documented 
guidelines for operators and regulators in this field. The establishment of an internationally agreed 
common approach will enable very significant resource and programme savings to be made, while at 
the same time allowing a clear and fit for purpose presentation of safety assessments. 

A graded approach to all aspects of safety assessment is being investigated by the DeSa project, as the 
depth of assessment and review should be proportionate and appropriate to the hazards presented 
during the implementation of decommissioning activities. There are however many examples of 
disproportionate effort being applied when hazard potential is low. Specific techniques such as fault 
sequence grouping and screening out low significance accident sequences are discussed as are 
categorisation processes to rank activities in terms of hazard potential. The application of a graded 
approach is important as it can assist operators and regulators in optimizing the amount and depth of 
safety assessments, giving a balance between cost and effort spent on the safety assessment. It allows 
focus of  safety assessment efforts on the evaluation of significant hazards and scenarios. There are a 
large number of hazards, potential accident initiators and associated accident scenarios related to the 
decommissioning activities.  

� Application of the defence in depth concept 

Inclusion of a defence in depth approach is fundamental to decommissioning safety; however there is 
little international guidance on the implementation of this concept within the context of 
decommissioning of various types of facilities (NPPs, fuel cycle facilities, etc.). It is important that the 
performance of engineered controls are demonstrated to meet safety assessment requirements, taking 
into account the elimination of engineered systems, structures and components during the 
decommissioning process and the need for ensuring adequate support and level of safety of workers 
and public through procedural and administrative controls. The DeSa project is investigating good 
practices and lessons learned in the application of the concept of the defence in depth, and on this 
basis are planning to consolidate recommendations that can be used by operators, regulators and other 
experts involved in development and review of safety assessment. 
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� Radioactive Waste Management 

The internationally agreed safety standards on decommissioning of facilities using radioactive material 
require that the overall decommissioning plan for a facility addresses properly radioactive waste 
management infrastructure, as this can be the principal constraint on a decommissioning project. The 
project is seeking to address the interactions between radioactive waste management facilities, the 
waste acceptance criteria, waste transport criteria, available storage or disposal capacity, and to bring 
more clarity to the implications for the safety assessment process. The DeSa project is working 
towards close cooperation and coordination of the project activities with other relevant IAEA  project 
such as SADRWMS – Safety Assessment Driven Waste Management Solutions [8], and ASAM  - 
Application of Safety Assessment for Near Surface Disposal Facilities [9]. 

4.  Conclusions  
The international DeSa project is providing a very good platform for presentation and exchange of 
lessons learned in development and review of safety assessment for decommissioning. Currently at its 
second phase, the project has led to the development of a harmonised safety assessment methodology 
and aims to complement it with specific recommendations and tools for the review of such 
assessments and the application of the graded approach. 

It is envisaged that consolidation of the knowledge, experience and lessons learned on 
decommissioning in over thirty Member States in the final DeSa Reports will assist the safe planning 
and implementation of decommissioning, as well as the effective regulation of decommissioning up to 
release of sites from regulatory control consistent with international safety standards and good 
international practice. 
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� Radioactive Waste Management 

The internationally agreed safety standards on decommissioning of facilities using radioactive material 
require that the overall decommissioning plan for a facility addresses properly radioactive waste 
management infrastructure, as this can be the principal constraint on a decommissioning project. The 
project is seeking to address the interactions between radioactive waste management facilities, the 
waste acceptance criteria, waste transport criteria, available storage or disposal capacity, and to bring 
more clarity to the implications for the safety assessment process. The DeSa project is working 
towards close cooperation and coordination of the project activities with other relevant IAEA  project 
such as SADRWMS – Safety Assessment Driven Waste Management Solutions [8], and ASAM  - 
Application of Safety Assessment for Near Surface Disposal Facilities [9]. 

4.  Conclusions  
The international DeSa project is providing a very good platform for presentation and exchange of 
lessons learned in development and review of safety assessment for decommissioning. Currently at its 
second phase, the project has led to the development of a harmonised safety assessment methodology 
and aims to complement it with specific recommendations and tools for the review of such 
assessments and the application of the graded approach. 

It is envisaged that consolidation of the knowledge, experience and lessons learned on 
decommissioning in over thirty Member States in the final DeSa Reports will assist the safe planning 
and implementation of decommissioning, as well as the effective regulation of decommissioning up to 
release of sites from regulatory control consistent with international safety standards and good 
international practice. 
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