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FOREWORD 

The importance of the first international project on Evaluation and Demonstration of Safety 

for Decommissioning of Facilities Using Radioactive Material (DeSa) was recognised at the 

International Conference on Lessons Learned from the Decommissioning of Nuclear 

Facilities and the Safe Termination of Nuclear Activities, held from 11 to 15 December 2006 

in Athens, Greece which encouraged the continuation of the activities related to safety 

assessment for decommissioning in the future. This was reflected in the revision of the 

International Action Plan on Decommissioning of Nuclear Facilities (2007-2010) completed 

by the IAEA in September 2007. The revised Action Plan envisages the “establishment of a 

forum for exchange of experience and harmonization of approaches to development and 

review of safety case (decommissioning plan) for decommissioning (DeSa follow-up project), 

including recommendations for the application of the graded approach”. 

On the basis of the revised Action Plan and the proposals made by the DeSa project at the 4
th

 

Joint Meeting in 29 October – 2 November 2007, a new international project (International 

Project on Use of Safety Assessment Results in Planning and Implementation of 

Decommissioning of Facilities Using Radioactive Material (FaSa Project)) was launched on 

17 November 2008. In developing the project scope, the proposals from Member States at the 

final DeSa meeting and in subsequent communications have been assessed and developed. 

Key aspects included safety assessment and its review in: 

–  Decommissioning Planning; 

–  Decommissioning Conduct; 

–  Decommissioning Termination; 

–  Implementation of safety assessment results, controls and their change management; 

–  Review of the implementation of safety assessment results, controls and their change 

management; 

–  Its application to a new suite of Test Cases. 

 

This report presents the results of the work carried out during the FaSa project (November 

2008 – November 2011); it contains a summary of the whole project and proposes a 

methodology for management of safety assessments for decommissioning and 

implementation of the safety assessment results to support decommissioning activities. It 

contains technical considerations related to: Decommissioning Planning, Decommissioning 

Conduct, Site Termination, Implementation of Safety Assessment Results and Regulatory 

review of decommissioning. 

 

The development of the report has been coordinated by the Waste and Environmental Safety 

Section of the Division of Radiation, Transport and Waste Safety of the IAEA. The Scientific 

Secretaries for the project were M. Hannan and V. Ljubenov. 

 

The IAEA would like to express its gratitude to all the experts who contributed to the 

development and review of the report, and in particular, to the coordinating working group of 

the project – J. Kaulard (Germany), Chairperson, K. Lauridsen (Denmark), A Bassanelli 

(Italy). P. Francois and O. Lareynie (France), A. Dietzold, A. Halle, A. Cadden, P. Manson, 

A. Hart and M. Pennington (U.K.), D. Orlando (United States). The IAEA officer responsible 



 

for this publication was V. Ljubenov of the Division of Radiation, Transport and Waste 

Safety. 
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EXECUTIVE SUMMARY 

There are a large and increasing number of decommissioning activities worldwide at facilities 

that use radioactive material. In most cases this is because these facilities are reaching the end 

of their lifetime, or have been shut down as planned or prior to their expected lifetime (e.g. as 

a result of accidents, political, social or other reasons). 

The range of such facilities is wide, and includes small research laboratories, research 

reactors, reprocessing facilities, fuel fabrication facilities, nuclear power plants, mining and 

mineral processing facilities. The safety of all facilities using radioactive material needs to be 

ensured throughout their lifetime and, therefore, evaluation and demonstration of safety is 

essential in the planning and implementation of decommissioning in accordance with the 

relevant national legislation and internationally agreed recommendations. 

In order to assist operators, regulators and other experts involved in the planning, conduct, 

control and termination of decommissioning activities, the International Atomic Energy 

Agency (IAEA) launched in November 2004 an international project called “Evaluation and 

Demonstration of Safety during Decommissioning of Nuclear Facilities” (DeSa). 

The support and active participation of over sixty experts from more than thirty Member 

States resulted in the: 

(i)  Development of a harmonised safety assessment methodology for decommissioning;  

(ii)  Application of the methodology to three real facilities (a nuclear power plant, a 

research reactor and a nuclear laboratory);  

(iii)  Development of practical guidance on the application of a graded approach in the 

development of safety assessments for decommissioning; 

(iv)  Development of a procedure for regulatory review of safety assessments for 

decommissioning.  

In addition, the DeSa project established a forum for exchange of knowledge, experience and 

lessons learned in the development and review of safety assessments for decommissioning.  

The participants in the DeSa project also recognised that further international co-operation 

and work was required in areas such as structure, content and interfaces between  

decommissioning plans and safety assessment; the use and application of safety assessment 

results in the planning and conduct of decommissioning; safety assessment for deferred 

dismantling and evolution of safety assessment through the facility lifecycle. As such, a 

proposal was made by the DeSa project at the 4
th
 Joint Meeting in 29 October – 2 November 

2007 and a new international project (International Project on Use of Safety Assessment 

Results in Planning and Implementation of Decommissioning of Facilities Using Radioactive 

Material (FaSa Project)) was launched on 17 November 2008. In developing the project 

scope, the input from Member States at the final DeSa meeting and in subsequent 

communications have been assessed and developed. Key aspects included safety assessment 

and its review in: 

– Decommissioning Planning; 

– Decommissioning Conduct; 

– Decommissioning Termination; 

– Implementation of safety assessment results, controls and their change management; 
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– Review of the implementation of safety assessment results, controls and their change 

management; 

– Its application to a new suite of test cases. 

The three year FaSa project illustrated the standardised safety assessment methodology 

developed in the DeSa project to demonstrate its wider application to the diverse range of 

situations commonly found in decommissioning, and also applied it to a further set of test 

cases designed to give realistic examples of such applications.  

The project was implemented from 2008 until 2011 and was completed during the 4
th
 FaSa 

Annual Meeting from 21 to 25 November 2011 in Vienna. During its 3 years duration about 

90 experts from 32 Member States participated in one or several meetings of the nine working 

groups formed during the project or in the one or more of the four FaSa Annual Meetings. 

The results of this FaSa project are described in this publication. These results are intended to 

assist experts involved in the development, review and implementation of decommissioning 

plans and associated safety assessments to better understand the role and management of 

safety assessment. The results are aimed also to assist in the implementation of the safety 

assessment results in accordance with good practices within Member States and with 

International Safety Standards to ensure safe decommissioning. 

The objective of this publication is to present methodologies to address the evolution of safety 

assessments for decommissioning during the life time of a facility, the implementation of the 

results of safety assessments and the termination of decommissioning. This is intended to 

assist operators and technical support specialists in planning and undertaking 

decommissioning activities for all types of nuclear facilities. It is also expected to be of use, 

especially to regulators as approaches to regulatory review of the implementation of safety 

assessment results are also addressed. The information contained in the report may also be 

useful for policy makers and other organizations interested in the safety of decommissioning. 

It can also help interested parties, including members of the public, to understand the use of 

decommissioning safety assessments and how they help in ensuring that decommissioning is 

accomplished safely. This publication complements the requirements and guidance for safety 

assessment for decommissioning given in the IAEA’s Safety Standards documents. 

This publication provides a practical methodology for the evolution and use of safety 

assessment in the planning, conduct and termination of decommissioning including 

implementation of the safety assessment results for decommissioning with the view to ensure 

safe termination of any practices. The publication addresses the following issues: 

– Evolution of safety assessments for decommissioning from the planning stage through  

the establishment of a final decommissioning plan; 

– Development and management of the safety assessments throughout conduct of 

decommissioning up to the achievement of the planned site end state; 

– Implementation of the results of a safety assessment to ensure safety during the conduct 

of the individual decommissioning activities (e.g. by preparation of facility instructions, 

procedures), and its evolution in the decommissioning phases and/or stages, to comply 

with relevant updated or revised safety assessments; 

– Safety assessment aspects related to the termination of the authorization for licence; 

and 

– Regulatory review of the implementation of safety assessment results. 
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In addition, this publication provides examples of the application of the decommissioning 

methodologies for four test case facilities (nuclear power plant, complex research reactor, 

mining and mineral processing facility and fuel fabrication facility). 

The decommissioning related life cycle of a facility can be divided into three main parts:  

–  decommissioning planning; 

–  decommissioning conduct; 

–  decommissioning termination. 

Decommissioning planning addresses the work to plan and prepare decommissioning, with 

strong focus on ensuring safe decommissioning and on the application for a decommissioning 

licence, approval or authorisation As such, the work activities related to decommissioning 

planning are typically performed during siting, design, construction, operation and transition 

(from operation to decommissioning) of a facility. In the case of a multiphase approach the 

work related to the application of several licences (or authorisations) may be done during 

decommissioning conduct. 

Decommissioning conduct addresses the performance of the decommissioning activities in 

accordance with the final decommissioning plan. This includes the elaboration of work plans 

in detail, which is much higher than that which may be required for the licensing process, and 

further detailed consideration of safety issues as outlined during the licensing process. As 

mentioned before, decommissioning conduct also covers aspects of decommissioning 

planning in the case of multiphase decommissioning projects especially if the approach to 

decommissioning changes as it progresses.  

Decommissioning termination addresses all work activities related to the release of the site 

from regulatory control e.g. performing final radiological surveys. As such, it has to be 

demonstrated that the end-state described in the final decommissioning plan has been 

achieved. Within this report, the content of decommissioning termination is limited to the 

release of sites and remaining buildings from radiological regulatory control.  

Aspects of safety related to decommissioning are already addressed during design and 

construction of a facility. According to the requirements and recommendations of relevant 

IAEA safety standards an initial decommissioning plan is required to be prepared and to: 

• take into account basic safety issues; 

• support the fact that decommissioning can be safely conducted using proven or new 

techniques; and 

• include a generic study showing the feasibility of decommissioning. 

During the operation of a facility, the initial decommissioning plan has to be reviewed and 

revised if needed. Typically towards the end of facility operation, the initial decommissioning 

plan will be progressively developed into the final decommissioning plan, which is then 

submitted to the Regulatory Body for approval. Decommissioning Plan is typically supported 

by a number of other safety related documents, the key one being the Safety Assessment. 

Experience shows that large decommissioning projects are generally implemented following a 

multiphase approach. An overall view is needed to ensure that the individual phases fit 

together and that safety is ensured for the entire decommissioning project; the safety aspects 

are subject to a high level safety assessment, the so called overarching safety assessment. 

For each phase of a decommissioning project a final safety assessment is required to be 

available on time. Therefore, the schedule for preparation of these final safety assessments 
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needs to fit with the intended start of the individual phases, as they will be authorized on the 

basis of the related final safety assessment. As the final safety assessment for a phase depends 

on the work details of the other phases development of the scope and details of a phase and 

related final safety assessment will follow an interactive development process. 

The figure below illustrates the concept of overarching safety assessment and the final safety 

assessments for individual phases. The final safety assessment for Phase 1 needs to be 

available before start of the decommissioning work of Phase 1. During Phase 1, the final 

safety assessment for Phase 2 is not ready but in a reasonably mature status, and can be 

termed an evolving safety assessment for Phase 2. During conduct of Phase 1 the evolving 

safety assessment for Phase 2 will be developed to become the final safety assessment for 

Phase 2 and become available before start of the decommissioning work of Phase 2. 

Depending on the national regulatory system the overarching safety assessment and the final 

safety assessment for the first phase may be prepared at the end of operation and during the 

transition period of facility, i.e. before the first licence for decommissioning is granted. 
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General concept of the evolution of safety assessments for decommissioning planning and the 

implementation of their results. 

Although some disadvantages may exist, a major benefit of the multiphase approach and the 

related safety assessments is that a licence for decommissioning can be granted to permit the 

decommissioning work related to Phase 1 while the work for subsequent phases will still be 

developing. As such, the licensing or approval process approach can be effective as early 

work can be started immediately after the granting of the first licence while the operator in 

parallel to the conduct of decommissioning work of that Phase 1 can continue with detailed 

planning of the work of the subsequent phases and with the evolution of the related safety 

assessments. In addition, the project is more flexible in reacting to new information and recent 
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developments in technology and experiences as they more easily can be integrated into the 

planning of later phases not already licensed. 

Central outcomes of the final safety assessments are the safety measures (either engineered or 

administrative) and the decommissioning limits and conditions. These form the starting point 

for the development of the decommissioning documents required to implement a 

decommissioning project. The decommissioning documents comprise inter alia operating 

rules and working documents such as work instructions and manuals and drive the daily work 

activities. Accordingly, they need review and revision as the phases change or final safety 

assessments require revisions. 

The safety assessment has to be subject to an independent review and subsequently to a 

regulatory review, when required by national regulatory systems. The specific guidance and 

additional advice from the DeSa project are applicable to review of all types of safety 

assessments described in this publication, including the application of a graded approach. 

This publication provides practical guidance to the regulatory bodies on the approaches to 

review the implementation of the results of decommissioning safety assessments during 

decommissioning. 

Once the regulatory body has reviewed and approved the Decommissioning Plan and 

associated Safety Assessment, the operator is given permission, either through a new licence 

or by amending the operating licence, to proceed with decommissioning as specified in the 

Decommissioning Plan. During decommissioning, the regulatory  body typically conducts 

inspections of the decommissioning project and the operator submits various reports (e.g. 

worker dose summaries, environmental monitoring reports and waste disposal and tracking 

reports) to demonstrate that they are conducting the decommissioning in accordance with the 

Decommissioning Plan and regulatory requirements. These reports, data and programme 

documentation submitted by the operator can be used by the regulatory body as a basis for an 

evaluation of the effectiveness of the implementation of the results of the safety assessment. 

At the decommissioning termination stage, the operator’s aim is to demonstrate that the end 

state, as defined in its approved decommissioning plan, has been successfully achieved. The 

operator is required to submit an application to the regulatory body for release of the site from 

regulatory control. Such application will propose either release without restrictions for the 

future use (i.e. with no ongoing institutional controls necessary in the interests of safety) or 

release with ongoing restrictions on site use (where ongoing control is necessary to ensure 

that health and safety are protected). 

This publication also provides lessons learned, the most important being that planning is 

essential to ensure successful decommissioning. Another key lesson is that many of the 

arrangements developed and used in operation remain applicable for decommissioning. 

The safety assessment methodology proposed by the DeSa project (“DeSa methodology”) can 

be applied to mining and mineral processing facilities considering the graded approach, but 

there are other IAEA methodologies for demonstrating long term safety, which are more 

specific for mining and milling aspects (as part of mineral processing). 

Finally, the scope and objectives of the FaSa project have been met and demonstrated in the 

main volume of this publication and in its Annexes, describing test cases. Thanks are offered 

to the Test Case facilities for providing much support and technical details, to all of the 

participants in the project and to Member States for their continued active support. 
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1 INTRODUCTION 

 

BACKGROUND 

There are a large and increasing number of decommissioning activities worldwide at facilities 

that use radioactive material. In most cases this is because these facilities are reaching the end 

of their lifetime; or have already been shutdown as planned or prior to their expected lifetime 

(e.g. as a result of accidents, political, social or other reasons). The range of such facilities is 

wide, and includes small research laboratories, research reactors, reprocessing facilities, fuel 

fabrication facilities, nuclear power plants, mining and mineral processing facilities. By end 

of 2016, 158 nuclear power plants [1], 492 research reactors [2] and 297 nuclear fuel cycle 

facilities [3] have permanently been shut down, or are being in different stages of 

decommissioning or have been decommissioned. 

The safety of all facilities using radioactive material needs to be ensured through their lifetime 

and as such the evaluation and demonstration of safety is essential in the planning and 

implementation of decommissioning in accordance with the relevant national legislation and 

internationally agreed recommendations (e.g. [4-9]). 

In November 2004, the International Atomic Energy Agency (IAEA) launched an 

international project on “Evaluation and Demonstration of Safety during Decommissioning of 

Nuclear Facilities” (DeSa), in order to assist operators, regulators and other experts involved 

in the planning and undertaking decommissioning activities [10]. This project was also 

implemented in response to the International Action Plan on Decommissioning of Nuclear 

facilities (approved by the IAEA Board of Governors in 2004, [11]). 

The support and active participation of over fifty experts from thirty Member States resulted 

in the: 

(i)  Development of a harmonised safety assessment methodology for decommissioning;  

(ii)  Application of the methodology to three real facilities (a nuclear power plant, a 

research reactor and a nuclear laboratory); 

(iii)  Development of practical guidance on the application of the graded approach in 

the development of safety assessments for decommissioning; 

(iv)  Development of a procedure for regulatory review of safety assessments for 

decommissioning.  

In addition, the DeSa project established a forum for exchange of knowledge, experience and 

lessons learned in the development and review of safety assessments for decommissioning. 

The three year project fulfilled the planned tasks, provided important input to the 

development of the draft Safety Guide WS-G-5.2 “Safety Assessment for Decommissioning 

of Facilities Using Radioactive Material”, which was published 2008 [9], and to a series of 

national and IAEA technical projects on decommissioning (e.g. Ukraine, Romania, China). 

The participants in the DeSa project also recognised that further international co-operation 

and work was required in areas such as structure, content and interfaces between 

decommissioning plans and safety assessment; the use and application of safety assessment 

results in the planning and conduct of decommissioning; safety assessment for deferred 

dismantling and evolution of safety assessment through the facility lifecycle. 

The importance of the first international project on safety assessment for decommissioning 

(DeSa) was also recognised at the International Conference on Lessons Learned from the 
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Decommissioning of Nuclear Facilities and the Safe Termination of Nuclear Activities, held 

from 11 to 15 December 2006 in Athens, Greece [12] which encouraged the continuation of 

the project activities in the future. This was reflected in the revision of the International 

Action Plan on Decommissioning of Nuclear Facilities (2007-2010) completed by the IAEA 

in September 2007 [13]. The revised Action Plan envisages the “establishment of a forum for 

exchange of experience and harmonization of approaches to development and review of safety 

case (decommissioning plan) for decommissioning (DeSa follow-up project), including 

recommendations for the application of the graded approach”. 

On the basis of the revised Action Plan and the proposals made by the DeSa project at the 4
th

 

Joint Meeting on 29 October – 2 November 2007, a new international project (International 

Project on Use of Safety Assessment Results in Planning and Implementation of 

Decommissioning of Facilities Using Radioactive Material (FaSa Project)) was launched on 

17 November 2008 [14]. In developing the project scope, the input from Member States at the 

final DeSa meeting and in subsequent communications have been assessed and developed. 

Key aspects included safety assessment and its review in: 

-  Decommissioning Planning; 

-  Decommissioning Conduct; 

-  Decommissioning Termination; 

-  Implementation of safety assessment results, controls and their change management; 

-  Review of the implementation of safety assessment results, controls and their change 

management; 

-  Its application to a new suite of Test Cases. 

The three year FaSa project used the standardised safety assessment methodology developed 

in the DeSa project to demonstrate its wider application to the diverse range of situations 

commonly found in decommissioning, and also applied it to a further set of Test Cases 

designed to give realistic examples of such applications. 

The project ran from 2008 until 2011 and was completed during the 4
th
 FaSa Annual Meeting 

from 21 to 25 November 2011 in Vienna. During its 3 year duration about 90 experts from 32 

Member States participated in one or several meetings of the nine working groups formed 

during project conduct or in one or more of the four FaSa Annual Meetings. 

The results of the FaSa project are described in this publication. The results are intended to 

assist experts involved in the development, review and implementation of decommissioning 

plans and associated safety assessments to better understand the role and management of 

safety assessment. The results aim also to assist in the implementation of the safety 

assessment results in accordance with good practices within Member States and with 

international safety standards to ensure safe decommissioning. 

 

OBJECTIVES 

The objective of this publication is to present a collection of Member States experiences, 

summarized in a form of a methodology addressing the evolution of safety assessments for 

decommissioning during the lifetime of a facility, the implementation of the results of safety 

assessments and the termination of decommissioning. This is intended to assist operators and 

technical support specialists in planning and undertaking decommissioning activities for all 

types of nuclear facilities. It is also expected assist regulators, as approaches to regulatory 
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review of the implementation of safety assessment results are also addressed. It can also help 

interested parties, including members of the public, to understand the use of decommissioning 

safety assessments and how they help in ensuring that decommissioning is accomplished 

safely. This report complements the requirements and guidance for safety assessment for 

decommissioning given in the IAEA’s Safety Standards documents, especially [4-7] and [9]. 

This publication uses standard IAEA terminology as defined in [4], [15], [16], and so it uses 

the terminology of “decommissioning plan” to include financial data (e.g. cost estimation), 

schedule and sequencing (design for decommissioning), technical methodologies, safety 

assessment, and end state considerations. However, the principal purpose of this publication is 

to address the safety assessments that supports the decommissioning plan. 

 

SCOPE 

This publication provides practical guidance, presented in a form of a systematic 

methodology, related to the evolution and the use of safety assessment in planning and 

conduct of decommissioning. This methodology is based on the results of the FaSa project, 

but it also benefits from the results of the DeSa project [9, 17]. The publication addresses the 

following issues (refer also to Fig. 1): 

-  Evolution of safety assessments for decommissioning from the planning stage through 

the establishment of a final decommissioning plan; 

-  Development and management of the safety assessments throughout conduct of 

decommissioning up to the achievement of the planned site end state; 

-  Implementation of the results of a safety assessment to ensure safety during the 

conduct of the individual decommissioning activities (e.g. by preparation of facility 

instructions, procedures), and its evolution in the decommissioning phases and/or 

stages, to comply with relevant updated or revised safety assessments; 

-  Safety assessment aspects related to the termination of the authorization for licence; 

and 

-  Regulatory review of the implementation of safety assessment results. 

In addition, this publication summarizes the exemplary results of the application of the 

proposed methodology to four test case facilities (nuclear power plant, complex research 

reactor, mining and mineral processing facility and fuel fabrication facility). Details on the 

test cases are subject to the Annexes 1-4 of this publication. 
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FIG. 1. Illustration of the objectives of this publication, presenting the results of the 

FaSa project. 

 

STRUCTURE 

This publication covers the description of the methodology developed during the FaSa 

project, and illustration of its applications to the test cases. The publication consists of the 

main volume, presenting the methodology, and four Annexes, which contain the descriptions 

of the four test cases
1
.  

The publication is structured as follows: 

-  This chapter 1 contains the introduction. 

-  Chapter 2 provides an overview on safety assessment for decommissioning during the 

life cycle of a facility. Accordingly, this chapter helps to put in perspective the details 

of the following chapters, in which the different aspects on the evolution of a safety 

assessment, the termination of decommissioning, the implementation of safety 

assessment results and the related regulatory review on the implementation are 

explained in detail. 

-  Chapter 3 describes the evolution of the safety assessment before decommissioning 

actions are commenced. As the safety assessment is closely related to the evolution of 

the initial decommissioning plan from initial to final, aspects of decommissioning 

plans are also addressed. 

-  Chapter 4 addresses the evolution of the safety assessment during conduct of 

decommissioning actions. Thus a strong focus is laid on safety assessments for 

multiphase decommissioning projects. This results in the concept of an overarching 

safety assessment and complementary detailed safety assessments for individual 

phases. 

___________________________________________________________________________ 

1 The Annexes 1-4 are available in electronic format (on a CD attached to hardcopy of the main volume of this 
publication, or on the IAEA publications web page). 



 

 

10 

-  Chapter 5 addresses aspects on decommissioning termination, i.e. the technical and 

administrative actions after completion of all decommissioning actions to allow the 

removal of a site or part of a site from regulatory control. 

-  Chapter 6 is related to the process of implementation of safety assessment results in, 

for example, working documents to ensure that safety is assured during conduct of the 

decommissioning actions. As the implementation process and the safety assessment 

are closely linked, a close relation between chapters 4 und 6 exists and it is suggested 

to consider them together. 

-  Chapter 7 deals with the aspects of regulatory review of the implementation of safety 

assessment results. It offers practical guidance to confirm that the results of the safety 

assessments are adequately carried forward into the implementation phase of 

decommissioning, so that safety is assured and that the decommissioning can be 

delivered in accordance with the final decommissioning plan. 

-  Chapter 8 summarizes the application of the FaSa methodology to the four test cases. 

Details on the test cases can be obtained from the Annexes. 

-  Finally, chapter 9 summarizes the described methodology and provides related 

conclusions. 
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2 OVERVIEW ON SAFETY ASSESSMENTS FOR DECOMMISSIONING 

THROUGH THE LIFE CYCLE OF A FACILITY 

 

INTRODUCTION 

This section provides an overview on safety assessments related to the decommissioning of a 

facility. By doing so it serves as a guide through the following sections, explains the 

differences between these sections and how these sections build upon the overall advice on 

the evolution of safety assessments and the implementation of their results during 

decommissioning. 

As illustrated already in Fig. 1 the decommissioning life cycle of a facility can be divided into 

three major parts: 

–  decommissioning planning; 

–  decommissioning conduct; 

–  decommissioning termination. 

Decommissioning planning addresses the work to plan and prepare decommissioning, with 

strong focus on ensuring safe decommissioning and on the application for a decommissioning 

licence, approval or authorisation. As such, the work activities related to decommissioning 

planning are ideally performed during siting, design, construction, operation and transition 

(from operation to decommissioning) of a facility. 

Decommissioning conduct addresses the performance of the decommissioning activities 

according to the final decommissioning plan. This includes the implementation of safety 

assessments results in the work plans, which are more detailed than may be required for the 

licensing process. 

Decommissioning termination addresses all work activities (e.g. performing final radiological 

surveys, scenario modelling) related to the release of the site from regulatory control. “Site” 

means land, together with any buildings or other structures, proposed for release from 

regulatory control, as defined in the decommissioning plan. “Release from regulatory control” 

means the termination of the licence covering decommissioning activities and the end of the 

associated regulation of nuclear material and radiological safety, noting that other forms of 

regulation may continue (e.g. for environmental or planning purposes). For the release, it has 

to be demonstrated that the end-state described in the final decommissioning plan has been 

achieved. Within this report, the content of decommissioning termination is limited to the 

release of sites and remaining buildings from radiological regulatory control. 

OVERVIEW 

Aspects of safety related to decommissioning are ideally addressed during the design and 

construction of a facility. According to relevant IAEA safety standards, an initial 

decommissioning plan is required to be prepared (5.6 in [4]), which, in accordance with 

paragraphs 5.6 and 5.7 of [7] needs to: 

• take into account basic safety issues; 

• support the fact that decommissioning can be safely conducted using proven 

techniques or ones being developed; 

• include a generic study showing the feasibility of decommissioning; 
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• include consideration of the environmental aspects of decommissioning, such as 

management of waste and radioactive effluents; and 

• address the costs of the decommissioning work and the means of financing it. 

In the initial decommissioning plan, aspects on safety are addressed in a way which is 

proportionate with the level of detail of the generic study. As such, a safety assessment 

supporting the initial decommissioning plan is more generic in nature and more qualitative in 

its safety consideration. 

During operation of a facility the initial decommissioning plan has to be reviewed and revised 

if needed (e.g. as assumptions used in the generic study are validated) and progressively 

developed into the final decommissioning plan. According to the requirements of relevant 

IAEA safety standards (7.10 of [4]), “the final decommissioning plan and supporting 

documents shall cover the following: the selected decommissioning strategy; the schedule, 

type and sequence of decommissioning actions; the waste management strategy applied, 

including clearance, the proposed end state and how the licensee will demonstrate that the 

end state has been achieved; the storage and disposal of the waste from decommissioning; the 

timeframe for decommissioning; and financing for the completion of decommissioning.” 

The main objective of the safety assessment is to demonstrate that the intended 

decommissioning activities can be conducted safely, i.e. that all regulatory criteria are 

fulfilled, and to form the basis for the safe conduct of the decommissioning activities as 

described in the final decommissioning plan. As such, the level of detail of this safety 

assessment is significantly higher than that of the safety considerations related to the initial 

decommissioning plan. 

Recommendations, guidance and practical advice on how to perform a safety assessment 

related to a final decommissioning plan are already available in [9] and [16]. Fig. 2 shows the 

overall safety assessment methodology, recommended in [9]. 
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FIG. 2. Safety assessment methodology for decommissioning [9]. 

 

Fig. 2 illustrates the iterative nature of the safety assessment methodology, which includes 

strong feedback on the planning of the decommissioning activities described in the final 

decommissioning plan. 

The aim of the FaSa approach is to illustrate the iterative process outlined above. In addition, 

the FaSa approach helps to identify the interdependencies and the need for consideration of 

these interdependencies for multiple phases (see below) within the decommissioning 

timeframe ,which is useful in the conduct of decommissioning. 

The FaSa approach (i.e. planning, conduct and termination) can be adopted for all 

decommissioning projects. However, its application needs to be commensurate with the 

radiological risks and complexity of the project and might result in a single conduct phase. 

Experience shows that large decommissioning projects are generally implemented following a 

multiphase approach. Fig. 3 illustrates the main content of the individual phases of a 

decommissioning project for a nuclear power plant. Each phase reflects the different scope of 

the decommissioning activities, which needs to be addressed in a dedicated detailed safety 

assessments for a given phase, so called final safety assessments. In addition, an overall view 

is needed to ensure that the individual phases fit together and that for the entire 

decommissioning project safety is ensured; thus, the safety aspects are subject to an 

overarching safety assessment. 
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year of decommissioning

operational phase conduct of decommissioning
trans.

phase

phase 1

phase 2

phase 3

phase 4

release from 
regulatory control

reuse or 
demolition of 

released buildings

decommissioning 

phases

 

Transition phase Activities for preparation of the decommissioning, including 

• removal of spent fuel 

• system decontamination 

• removal and disposal of radioactive media generated during operation 

Phase 1 First dismantling of contaminated components to generate free space for the later 

dismantling activities, including 

• equipment airlock and air-recirculation system (modification / replacement) 

• flooding tanks 

• external parts of the control rod guide thimbles and drives 

• accumulator 

In parallel: set up of infrastructure needed for later dismantling activities 

Phase 2 Dismantling of large components, including 

• pipes and main coolant pumps of the primary coolant loops 

• steam generators 

Phase 3 Dismantling of activated systems and components, including 

• reactor vessel internals 

• reactor vessel 

• biological shielding 

• concrete cross beams 

• rack from the former spent fuel pool 

Phase 4 Dismantling of remaining systems and components 

• crane 

• refuelling platform 

• ventilation system 

• water treatment facility 

Termination / 

Release from regulatory 

control 

Clearance of the buildings and of the site 

After release Reuse or demolition of the released buildings 

FIG. 3. Example of the main content of four phases of a decommissioning project. 

 

For each phase of a decommissioning project a final safety assessment has to be available on 

time. The level of detail of such final safety assessments for decommissioning phases is 

comparable to the safety assessment related to the final decommissioning plan as 

recommended in [9]. Therefore, the schedule for preparation of these final safety assessments 

needs to fit with the intended commencement of individual phases, as they will be authorized 

on the basis of the final safety assessment. The final safety assessment for a phase uses work 

details as an input, while the work details depend on the evaluation of related safety aspects; 

accordingly, the final safety assessment will not be developed independently from the 

definition of works – development of the scope and details of a phase and related final safety 

assessment has to go in parallel, and will follow an iterative development process. 
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Fig. 4 illustrates the concept of an overarching safety assessment and phase related final 

safety assessments. The final safety assessment for Phase 1 needs to be available before the 

start of the decommissioning work of Phase 1, while at this time the final safety assessment 

for Phase 2 is not complete, but is available in a reasonably mature status, termed preliminary 

safety assessment for Phase 2. During conduct of Phase 1 the preliminary safety assessment 

for Phase 2 will be developed further, becoming the final safety assessment for Phase 2, and 

needs to be available in its complete form before start of the decommissioning work of Phase 

2. Depending on the national regulatory system, it might be convenient that the overarching 

safety assessment and the final safety assessment for the first phase are prepared at the end of 

operation and during the transition period of the facility, i.e. before the first licence for 

decommissioning is granted. 

The benefit of the multiphase approach and the related safety assessments is that a licence for 

decommissioning can be granted to permit conduct of the decommissioning work related to 

Phase 1, while the planning and detailed assessment of safety for subsequent phases is still 

ongoing. As such, the licensing or approval process can be effective, as early work can be 

started immediately after granting the authorization for Phase 1, while the subsequent phases 

are still under preparation and not yet ready for a regulatory approval. In addition, the project 

is more flexible in reacting to new information and recent developments in technology and 

experiences, as they can be integrated more easily into the planning of later phases. 
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FIG. 4. General concept of the evolution of safety assessments for decommissioning and 

the implementation of their results. 

 

Central outcomes of the final safety assessments are the safety measures (either engineered or 

administrative) and the decommissioning limits and conditions (DLC). These form the 

starting point for the development of the decommissioning documents of lower level, needed 
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for implementation of decommissioning works. Those decommissioning documents comprise 

working documents, such as work procedures, instructions and manuals, which drive the daily 

works. Accordingly, they need review and update as information emerges from the actual 

decommissioning work, and this may initiate review and/or revision of the final safety 

assessments. 

As recommended in [9], the safety assessment needs to be subject to an independent review 

and subsequently to a regulatory review, when required by national regulatory systems. The 

specific guidance and advice from Part IV of the safety report on the outcomes of the DeSa 

project [17] are applicable for the safety assessments described in this publication. The level 

of detail depends on the type of safety assessment (overarching safety assessment, final safety 

assessment) and on the complexity of the facility, thus the application of a graded approach is 

suggested to ensure that the review is proportionate with the type and complexity of the safety 

assessment. Additional aspects addressed in the context of this publication are related to the 

regulatory review of the implementation of safety assessment results, including advice on 

how to review the results of changes in safety assessments and on inspections at a site. 

As also recommended in [9], decommissioning needs to be undertaken in accordance with an 

integrated management system established by the operator. Within the integrated management 

system, safety is the most important issue, overriding all other demands. Safety management 

refers to those aspects of the management system that are put in place to ensure that an 

acceptable level of safety, including radiation protection and health protection, is maintained 

during decommissioning. Safety management needs to include those arrangements made by 

the decommissioning organization that are necessary to promote a strong safety culture. 

Further guidance on integrated management systems is provided in other IAEA Standards 

Series publications, e.g. Safety Standards Series No. GS-G-3.3 [18]. 

Although not discussed in detail within this publication, the availability of qualified personnel 

during decommissioning is of high importance, especially for the development of safety 

assessments, the implementation of their results, and management of records. A team 

composed of decommissioning specialists and appropriate site personnel will be needed. The 

minimum qualifications for key personnel is to be specified. This ensures that the team has 

appropriate familiarity with the facility from operational stage and new competences, such as 

dismantling, demolition and decontamination aspects, robotics and remote handling, and site 

characterization and restoration. In some cases, contractors may be used to carry out all or 

some of decommissioning works and they will have to be integrated into the 

decommissioning team. 
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3 DECOMMISSIONING PLANNING 

 

This chapter addresses safety assessment aspects during planning for decommissioning. It 

discusses how the safety assessment interacts with the decommissioning plan, discusses 

evolution of the plan and the safety assessment through the facility lifecycle, and provides 

practical guidance to parties involved in the planning of decommissioning at single- or multi-

facility sites on that evolution and on the use of safety assessments to ensure safe 

decommissioning of facilities. 

 

3.1 Introduction 

IAEA has published a set of Safety Standards related to decommissioning, comprising of 

Safety Requirements and Safety Guides [4-7, 9] that address, inter alia, decommissioning 

plans and associated safety assessments. 

In general, a decommissioning plan is a document containing information on the proposed 

decommissioning of a facility [15]. According to the requirement 10 of [4], “The licensee 

shall prepare a decommissioning plan and shall maintain it throughout the lifetime of the 

facility, in accordance with the requirements of the regulatory body, in order to show that 

decommissioning can be accomplished safely to meet the defined end state”. The paragraph 

2.6 of the [4] reuires that ”The final decommissioning plan shall be supported by a safety 

assessment addressing the planned decommissioning actions and incidents, including 

accidents that may occur or situations that may arise during decommissioning”. 

The IAEA Safety Standards distinguish between two different types of decommissioning 

plans: 

– An initial decommissioning plan – the paragraph 7.4 of [4] requires that “The licensee 

shall prepare and submit to the regulatory body an initial decommissioning plan 

together with the application for authorization to operate the facility. This initial 

decommissioning plan shall be required in order to identify decommissioning options, 

to demonstrate the feasibility of decommissioning, to ensure that sufficient financial 

resources will be available for decommissioning, and to identify categories and 

estimate quantities of waste that will be generated during decommissioning”. (for 

further explanations please refer to section 3.3 of this publication). 

– A final decommissioning plan – requirement 11 of [4] requires that “Prior to the 

conduct of decommissioning actions, a final decommissioning plan shall be prepared 

and shall be submitted to the regulatory body for approval”. (for further explanations 

please refer to section 3.4 of this publication). 

As already indicated, each type of decommissioning plan (i.e. depending on its maturity) 

serves different purposes. Particularly, the final decommissioning plan will satisfy 

expectations of different interested parties, such as: 

– the facility operator, so that there are firm plans for decommissioning, from which to 

start developing a decommissioning time schedule, and give confidence that the 

resources identified are realistic and that the management system processes are in place 

to make these resources available at the right time; 
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– regulatory bodies – nuclear, environmental, security and other – so that the relevant 

approvals and/or licences can be obtained, and give confidence that the planned 

activities and organization, including management systems to control the 

decommissioning works, are adequate to ensure the safety during decommissioning; 

– funding providers, so that they can confirm that adequate financial resources are in 

place for the facility decommissioning (especially in the case of deferred dismantling); 

– other interested parties, such as local governments, national governments, the public 

and neighbouring states (EURATOM Article 37, [19]), so that they are reassured that 

the decommissioning end state is achievable in a safe manner. 

Regardless of the type of decommissioning plan (initial or final), a decommissioning safety 

assessment is a supporting document to the decommissioning plan or could be an integral part 

of the decommissioning plan. It provides a systematic evaluation of the plans and procedures 

proposed by the operator for decontamination and dismantling of the facilities, in order to 

determine if decommissioning can be conducted safely and in accordance with the ALARA 

principle. The safety assessment will also provide a determination of safety measures needed 

to ensure that safety is maintained. 

An example of the evolution of the safety assessment, supporting the planning for 

decommissioning during the life cycle of a facility, and the relation between safety 

assessment and decommissioning plan, is shown in Fig. 5. 

As can be seen from the figure, planning for decommissioning starts long before the 

decommissioning itself. At the design stage and during the early stages of operation it is not 

necessary to include significant detail, and the initial decommissioning plan and associated 

safety assessment can be conceptual. As the final shut down approaches, more detail will be 

needed to fulfill the purposes set out above. 

There is no fixed boundary between the end of decommissioning planning and the formal start 

of decommissioning works. In most Member States, some preparatory work can start before 

the formal granting of a decommissioning licence, provided that such work is already 

authorized by the operating licence. 

An example of this approach would be removal of non-active systems no longer needed and 

not required for later decommissioning works in a shutdown nuclear facility. In other Member 

States, a decommissioning licence is necessary to move the facility out of the operational 

phase, tus no decommissioning work at all may start in advance of the granting of a 

decommissioning licence. 
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FIG. 5. Timeline showing the relationship between the safety assessment and  

decommissioning planning 
 

Abbreviations: DP: Decommissioning plan 

   FDP: Final decommissioning plan 

   OLC: Operational limits and conditions 

   Poco: Post operational clean out  

   PSR: Periodic Safety Review 

   SA: Safety assessment 

 

3.2 Decommissioning Strategies 

The decommissioning strategy for a nuclear facility is, together with the proposed end state of 

the decommissioning, one of the central planning decisions and as such will be incorporated 

into the decommissioning plan. 

Strategic considerations for the decommissioning need to be developed in a timely manner so 

as not to constrain their implementation or the general timetable for decommissioning. At this 

level, there is a choice between one of the two basic decommissioning strategies defined by 

the IAEA, or selection of their combination [4]. The selection of the preferred strategy will 

depend upon a number of factors, including for multi-facility sites the operational status of the 

facilities at the site, the overall decommissioning strategy for the site, where the facility is 

located and in particular the desired end state. The nature of the facility hazards will have a 

large influence on the strategy selection e.g. steering the option selection towards immediate 

dismantling may be the optimum strategy in fuel cycle facilities that have handled alpha 

emitting materials because of their extremely long half-lives. Other safety drivers may 

however steer the decommissioning strategy towards deferred dismantling, where some decay 

period reduces risks and hazards. Equally, the availability of facilities for radioactive waste 

management, storage and disposal might be an influence on the chosen decommissioning 
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strategy. Decommissioning and dismantling tasks produce radioactive waste, and if this waste 

cannot be dealt with successfully, then this would be an appropriate reason to defer 

decommissioning. 

Practical guidance for decision making on the decommissioning strategy is available (e.g. [20, 

23-30]. 

3.3. Aspects of safety assessment related to the Initial Decommissioning Plan 

 

The purpose of the initial decommissioning plan has been discussed in 3.1, on the basis of the 

requirements [4]. It has to ensure that adequate engineering and waste management provisions 

are in place or will be made to facilitate dismantling, to limit activation and contamination of 

materials and to reduce the collective dose during decommissioning. Accordingly, in the case 

of new-built facilities, the development of the initial decommissioning plan and the design of 

the facility are closely related, so that engineering provisions may be incorporated into the 

design to supports decommissioning and adequate financial provisions are also established. 

The initial decommissioning plan has to be supported by an appropriate safety assessment that 

supports the key decommissioning decisions at that time. 

 

The following issues need to be considered in the initial decommissioning plan and in the 

design of a new facility: 

1. Design options to facilitate further dismantling activities 

– Technical aspects: 

– Choice of materials to reduce activation phenomena; 

– Reduce potential for contamination by leaks; 

– Avoid embedded piping to the extent possible; 

– Consider covers for the lower section of walls and floors (for example by 

steel sheets) to protect concrete from contamination; 

– Reduce the time taken for dismantling operations: 

– Ensure access for removal of large equipment in one piece; 

– Greater use of modular design; 

– Dismantling by doing construction sequence in reverse; 

– Design for safe and easy maintenance 

– Adequate arrangement of lifting devices, passage ways, wall penetrations 

– Set down areas which will be useful for decommissioning; 

– Design for long-term integrity of structural components to accommodate deferred 

decommissioning (or any waiting period after final shutdown). 

2. Main Decommissioning phases 

The initial decommissioning plan needs to address the preferred decommissioning 

strategy. The choice of the decommissioning strategy will be kept open, as this needs to 

be chosen and incorporated into the final decommissioning plan at the end of operation. 

Typical decommissioning phases may include: 

– Final shutdown and bulk radioactive inventory removal (i.e. fuel); 

– Dismantling of non-nuclear systems and buildings depending on their function and 

their possible future use to support decommissioning activities; 



 

 

21 

– Dismantling of the nuclear components and systems; 

– Decontamination and demolition of civil structures; 

– Site clean-up and release from regulatory control. 

3. Radiological classification of areas 

A radiological classification of areas of the facility is typically done at the design stage 

in order to identify and separate clearly the potentially contaminated areas and non-

contaminated areas, which would allow in the future easy and quick dismantling of the 

non-contaminated areas. This separation is often used as a borderline between facility 

areas to be dismantled immediately and after a deferral period, when a combined 

decommissioning strategy is applied. 

The choice of the design options to facilitate decommissioning and the identification of the 

main decommissioning phases are typically supported by the experience feedback from 

decommissioning projects. In addition, experience shows that these design concepts are also 

of benefit for safe operation of facilities and for demonstration of optimization of radiation 

protection. 

3.4 Aspects on Safety Assessment Related to the Final Decommissioning Plan 

The final decommissioning plan consists of a suite of documents, as described in the IAEA 

Safety Standards and related safety or technical reports. A typical structure of a final 

decommissioning plan contains the following elements according to [16]: 

1. Introduction 

2. Facility Description 

3. Decommissioning Strategy 

4. Project Management 

5. Decommissioning Activities 

6. Surveillance and Maintenance 

7. Waste Management  

8. Cost Estimate and Funding Mechanisms 

9. Safety Assessment 

10. Environmental Assessment 

11. Health and Safety 

12. Quality Assurance 

13. Emergency Planning 

14. Physical Security and Safeguards 

15. Final Radiation Survey 

The final decommissioning plan is that version of the decommissioning plan submitted for 

approval to the Regulatory Body prior to implementation of the plan. When the timing of the 

final shutdown of a facility is known, the operating organization has to initiate detailed 

studies and processes to develop and complete the final decommissioning plan. 
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It is good practice that, before submission of the final decommissioning plan and the safety 

assessment to the Regulatory Body, the related documentation is also subject to an 

independent review performed under the responsibility of the operator. The purpose of the 

independent review is to provide confidence that the proposed tasks are feasible and that 

suitable and sufficient safety controls have been identified. Additional guidance on 

performing such an independent review can be obtained from [9] and [17]. 

Development and independent review of the final decommissioning plan will be conducted in 

accordance with the operator’s policies and procedures. 

Following this, the operating organization will submit an application, containing the final 

decommissioning plan and the supporting documentation, as prescribed by the national 

regulations, for review and approval by the Regulatory Body. 

The final decommissioning plan may require amendments or further refinements as 

decommissioning proceeds, and may require further regulatory approval. Such a situation 

may be expected especially when a multiphase approach is applied with significant periods of 

time between individual decommissioning phases (special case of such a situation is the 

deferred dismantling with long safe enclosure period). In such cases usually a higher level of 

detail is provided in the plan for the next phase to be executed, while later phases are 

addressed in less detail. The operator is then expected to provide more details for the next 

phase before its execution starts. 

Often as a result of executing an individual decommissioning phase, some new data or ideas 

may appear resulting in a modification of the plan for subsequent phases. In such cases, 

relevant sections of the decommissioning plan will also be reviewed and updated and 

submitted to the regulator in accordance with national requirements. 

The experience from previous decommissioning phases needs to be appropriately taken into 

account as a matter of principle. Some elements of the final decommissioning plan will thus 

be updated whenever accumulated decommissioning experience requires so. 

Some amendments to the final decommissioning plan may have safety implications and may 

require new safety related studies, changes in the related safety assessments and submittal of 

the amended plan to the Regulatory Body for information or for approval, depending on the 

safety significance of the amendments. This is at least true in the case of a multiphase 

approach, in which the planning of the next phase is performed in parallel with the execution 

of the current phase. 

In case of multiphase decommissioning projects, the phase specific safety assessments 

demonstrate safety of works planned for a given phase, but in addition they have to 

demonstrate that decommissioning works undertaken in early phases do not adversely impact 

the safety of decommissioning works planned for subsequent phases. 

One of the reasons to follow a multiple phased approach during decommissioning of a facility 

is to manage the complexity of the entire project. As mentioned previously, the level of detail 

for the next phase to come will be high while the level of detail for the following phases 

usually will be less. To fulfil the objective of demonstrating safety for the entire 

decommissioning project, the safety assessment can be divided into two parts: 

– The first part will address the safety of the entire project on a higher level with less 

detail on the intended decommissioning works – overarching safety assessment. As 

such, the overarching safety assessment will address mainly: 
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– the sequence of phases, the interfaces between them and the safety implications 

between the phases and the associated time schedule; 

– a qualitative assessment of the safety of the intended major decontamination and 

dismantling works, including 

– boundary scenarios related to radiological consequence assessments;  

– safety implication of the waste management plan. 

– The second part is related to the next phase to come, which will be described with a 

high level of detail and whose safety can be assessed with appropriate detail to show 

compliance with regulatory criteria by means of a detailed safety assessment, the final 

safety assessment for that phase. 

For the case of a single phase approach, the objectives of the overarching safety assessment 

are already covered by the final safety assessment belonging to the final decommissioning 

plan. For a multiphase decommissioning project, the overarching safety assessment and the 

final safety assessment for the first phase is submitted together with the final 

decommissioning plan. 

The overarching safety assessment is the starting point for the development of the final safety 

assessments to support each phase. It provides references to the final safety assessment related 

to an individual phase. This practice is generally endorsed by operators themselves, who 

consider that it is the only way to keep up to date the global view of the decommissioning 

project and to be ready for any approval, which may be requested by the Regulatory Body. 

The overarching safety assessment could be maintained as a “living report” to be updated 

after each phase has been completed or when discrepancies having an impact on safety are 

identified during the development of the safety assessment for each phase. 

– The way to perform the updating varies between Member States. In some Member 

States, after the completion of the phase, the outcomes are used to update the 

overarching safety assessment. For other Member States, after the completion of the 

phase, the part of the overarching safety assessment related to the completed phase is 

archived. 

– In some Member States, the overarching safety assessment, once approved together 

with the final decommissioning plan by the Regulatory Body, remains “as is” 

(unchanged), because it is preferred to maintain control of the safety issues through the 

development of final safety assessments related to the individual phases. 

– Due to the evolution process of the safety assessments, in some Member States a 

regular update of the overarching safety assessment is conducted by the licensee at 

predefined intervals in accordance with regulatory requirements. This facilitates 

collection of experience feedback from the works performed. 

Where a phased approach to decommissioning is used, the consistency of the safety 

assessment for each phase with the overarching safety assessment needs to be checked. When 

discrepancies that have an impact on safety are identified, the overarching safety assessment 

will be updated. According to the complexity of the decommissioning project and the specific 

decommissioning experience and feedback, an update can be performed as needed. 

 

In general, overarching safety assessment and final safety assessments of individual phases 

will be commensurate with:  

– the availability of the facility data; 
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– the confidence associated with the data (actual samples, historical records); 

– the complexity and potential hazards of the facility; 

– the duration of the safe enclosure period (in case of deferred dismantling). 

More details on how to prepare a final safety assessment for a phase can be found in Section 4 

of this publication (Decommissioning Conduct). 

 

3.6 Updating the Final Decommissioning Plan and Associated Safety Assessments 

Update of the final decommissioning plan is envisaged when there are significant changes; 

typical examples are listed below. In addition – as already mentioned earlier – an update will 

be necessary in case of a multiphase approach. According to different national practices, 

changes to the final decommissioning plan and its associated safety assessments may or may 

not need to be submitted to regulatory bodies for renewal of approval. 

The following examples may trigger an update: 

– Change of the decommissioning strategy; 

– Change of regulatory requirements; 

– Change of the proposed end state of the decommissioning project; 

– New information on the facility that results in increased or decreased risk; this may 

affect the approach to future phases; 

– Improvement of techniques and tools; 

– Unforeseen events or circumstances, such as the dose rate lower or higher than 

expected, undocumented modifications of the facility or presence of toxic materials 

such as asbestos; 

– External factors, such as the availability of waste management routes or supporting 

facilities; 

– As a result of executing an individual phase of the decommissioning, some new data or 

ideas may appear, resulting in a modification of the planning for subsequent phases. In 

such cases, subsequent sections of the decommissioning plan also need to be reviewed 

and updated; 

– The experience from previous decommissioning phases needs to be appropriately taken 

into account as a matter of principle. Some elements of the final decommissioning plan 

will thus need to be updated whenever accumulated decommissioning experience 

requires so. 

3.7. Additional Aspects related to the Development of an Initial and Final 

Decommissioning Plan and its Safety Assessments 

3.7.1. Additional aspects during operation 

One challenge for decommissioning is that the facility at the time of final shut down differs 

significantly from the facility as it was designed and built, due to changes during the 

operational period. Facilities are frequently modified to keep them up to date with 

developments in technology and science. Process flowcharts are modified as the business case 

for the facility evolves from the concept of its first design. For facilities with a long 

operational life, it cannot be expected that individual employees know all of the history of the 

changes and modifications. Accordingly, the operator needs to ensure that: 
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– Modifications to existing facilities are made with decommissioning in mind; 

– There are systematic records of all design changes, modifications and the operational 

history of the facility, including the history of events and accidents [31]. 

Member States experiences show that, while approaching the final shutdown of a facility: 

– A process needs to be established and implemented to retrieve or re-establish the 

knowledge of the facility layout as it is now. An essential part of this is carrying out 

visual inspections (walk-downs) to confirm that the actual plant and its drawings 

match, or to document the differences; 

– An asset management programme is helpful, so that systems, structures and 

components (SSCs) will be available to deliver their safety function throughout the 

decommissioning period, when required; 

– Impact of modifications of the initial design needs to be identified and understood. 

 

3.8.2 Multiphase approach for decommissioning 

Experience shows that multiphase approach is suitable for all kinds of decommissioning 

projects. Different definition of the phases may be appropriate for different types of facilities 

(nuclear power plants, research reactors, nuclear fuel cycle facilities, laboratories, etc.). The 

following phases are typical: 

– Phases can be organized in accordance with the types of work: 

– Site preparatory works (including radiological characterization); 

– Establishment of new or refurbishment of existing supporting facilities; 

– New works (commissioning of new SSCs); 

– Dismantling works; 

– Decontamination works; 

– Waste management; 

– Clean-up of buildings (including radiological survey); 

– Demolition of buildings; 

– Phases can also be organized in accordance with the organizational aspects: 

– Multiple buildings (one phase dedicated to each building or area); 

– Safe enclosure period; 

– Availability of resources, including contractors management; 

– Technological readiness; 

– Waste storage and/or disposal routes availability; 

– Safety systems and components required; 

– Implementation of a radiological control regime. 

 

3.8.3 Multi-facility site aspects 

Decommissioning of a multi-facility site may entail one of four possible options: 

– decommissioning of one facility within a non-operational multi-facility site; 

– decommissioning of several facilities within a non-operational multi-facility site; 

– decommissioning of one facility within an operational multi-facility site; 
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– simultaneous decommissioning of several facilities within an operational multi-facility 

site. 

For a multi-facility site with facilities under decommissioning and in operation at the same 

time, the interfaces between these facilities have to be analyzed – this may be one of the 

driving factors for determination of a strategy for the whole site. In many cases, support 

systems (waste processing, water or power supply, ventilation) may support all of the on-site 

facilities and may be routed through the facility that will be decommissioned. This would 

complicate the planning owing to the possible need to reroute these systems. The site strategy 

will then be an important input to the decommissioning plan for each facility. 

Safety related issues that might be considered during decommissioning at a multi-facility site 

include: 

– Interaction between decommissioning facilities and site-wide infrastructure, such as 

system for liquid effluent treatment; 

– Risks from works at one facility having implications for neighbouring facilities; 

– Prevention of contamination of the released part of the site from the works at the non-

released part (possibly due to the decommissioning works); 

– Contribution of doses from the released and non-released parts of the site on one 

another; 

– Ensuring that knowledge about the site is maintained (workers in one facility are aware 

of changes in other facilities, which may impact their work); 

– Ensuring that the appropriate institutional controls are in place if only one part of the 

site is released with restrictions on future site use. 

 

3.8.4 Decommissioning projects deferred for extended timescales 

For deferred dismantling strategy, the decommissioning plan and safety assessment have to 

address: 

– Gradual deterioration of the SSCs designed to act as barriers between the radionuclide 

inventory and the environment; 

– The proposed surveillance and maintenance program for the buildings, structures and 

safety related systems; 

– Systems to be installed or replaced to carry out final dismantling; 

– The proposed frequency at which the above items would be reviewed; 

– The number of staff needed and their qualifications, during any period of safe 

enclosure; 

– Loss of trained and knowledgeable workers; 

– Preservation of all the important records in a form and on media, which could be read 

at the end of the deferred period; 

– Increased liability resulting from possible migration of radionuclides leading to 

increased exposures in the future. 
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4 DECOMMISSIONING CONDUCT 

 

4.1 Safety Assessment during Decommissioning Conduct 

Decommissioning conduct is a comprehensive process that includes: 

– the development of safety assessments, whose level of detail is commensurate with the 

complexity, duration and time of the phase. These safety assessments investigate in 

depth the decommissioning works foreseen within each phase and, thus, substantiate 

the analyses of the “overarching safety assessment”; 

– the identification of related decommissioning limits and conditions. 

The objectives of this chapter are to develop and illustrate the evolution and update of the 

safety assessment from the approved final decommissioning plan up to completion of 

decommissioning works. 

The following main areas are addressed in this chapter: 

• input from the final decommissioning plan and overarching safety assessment; 

• the multiphase approach in decommissioning; 

• the levels and evolution of the safety assessments; 

• the reasons to update the “overarching safety assessment” and the safety assessments 

developed in the support of the conduct process. 

In the context of decommissioning conduct detailed working procedures are developed by the 

operators to allow the dismantling and decontamination works to be performed by the 

workers. References to these procedures are generally provided in the “decommissioning limit 

and conditions” document. However, their development is part of the progressive 

implementation of the safety assessment results and addressed later in Chapter 6 of this 

publication. 

 

4.2 Input from the Final Decommissioning Plan and Overarching Safety Assessment 

The final decommissioning plan and the overarching safety assessment are expected to 

provide the following key information: 

• the decommissioning strategy and end-state; 

• the main phases and associated safety issues; 

• the associated time schedule; 

• the waste management plan. 

Experience shows that the content and extent of the overarching safety assessment supporting 

the Final Decommissioning Plan is focused on the identification and justification of the main 

safety issues of the decommissioning project. The objective is to provide the regulatory body 

with technical information which is necessary to issue the decommissioning licence, such as 

the justification of the decommissioning strategy, the identification of the main phases, the 

associated planning, the main safety issues and the decommissioning objectives and criteria 

associated with it. The identification of the main safety issues of each phase of a 

decommissioning project can help the regulatory body manage the licensing process either by 

issuing one single licence with milestones which may be subject to specific authorizations or 
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by issuing a set of licences. It will help the regulatory body to establish licence conditions that 

the operator has to comply with. 

For projects including a multiphase approach an overarching safety assessment is developed, 

in support of the Final Decommissioning Plan. The Final Decommissioning Plan may be 

amended, or refined as decommissioning work proceeds taking into account the collected 

experience feedback from previous completed phases and the results of studies performed by 

the operators for the next phases to confirm options and also the techniques to be used in 

these phases. 

The overarching safety assessment is focused on the demonstration that the overall 

decommissioning project can be performed safely. Then, detailed (final) safety assessments 

for each phase are developed with the overall objective of identifying which related safety 

measures are necessary.  

 

4.3 The Multiphase Approach for Decommissioning 

The multiphase approach is beneficial for the development of the final safety assessments. It 

allows the operator to incorporate new data, e.g. updated techniques, lessons learned from 

previous phases that develop a more realistic safety assessment. 

This approach is illustrated by the following diagram (Fig. 6) which summaries the main 

aspects developed above and provides an example of the way to implement an entire 

decommissioning project when a multiphase approach is proposed. It illustrate the evolution 

of safety assessments related to individual phases (horizontal view) and the development of 

different types of safety related documents, needed to ensure, that safety is implemented 

during execution of the decommissioning works (vertical view). 
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FIG. 6. Application of safety assessment in a multiphase decommissioning project. 
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Based on the results of the overarching safety assessment, which is covering all the phases, 

the operator develops detailed (final) safety assessments for each phase:  

• to manage the evolution of the decommissioning project and to deal with the specific 

issues associated to each phase; and 

• to keep up to date the safety assessment such that it reflects the modifications 

occurring during the decommissioning process. 

Following is an example for a multiphase decommissioning project:  

• Phase 1: Removal of radioactive waste and hazardous substances used and produced 

during the operating life of the facility (when these works have not been done during 

the transition phase between operation and decommissioning); 

• Phase 2: Preliminary works to prepare dismantling and decontamination works (new 

working areas, supporting facilities, interim storage of wastes, etc.); 

• Phase 3 to n: Dismantling and decontamination works in order to reduce the 

radiological source term of the facility; 

• End Phase: Final clean-up (e.g. of buildings, etc.). 

In this example, Phases 1 and 2 need to be performed before starting the dismantling 

operations foreseen in the Phases 3 to n. Phases 3 to n may be run in parallel according the 

decommissioning plan. Depending on the national regulations, these phases can be subject to 

one or several licences. 

A given phase can be further subdivided into discrete work packages which may be supported 

by specific safety assessments. These safety assessments form part of the detailed (final) 

safety assessment for the phase. 

 

4.4 Evolution of the Safety Assessment during Conduct for a Multiphase 

Decommissioning Project 

A consequence of application of a multiphase approach is that the details of the safety 

assessment of each phase may differ from the assumptions made at the beginning of the 

decommissioning project. This is especially common amongst those decommissioning 

projects that have long time schedules.  

The details of the safety assessment for a phase depends on many criteria which can be linked 

to the completion of the previous phase, the availability of the radiological inventory data or 

the definitive choice of the dismantling techniques.  

In order to avoid delays in a decommissioning project, the evolution of the safety assessment 

needs to be performed progressively taking into account all the safety, the radiation protection 

and waste management issues but also all the organizational aspects of the decommissioning 

(modification of the facility, training of personnel, staff management, etc.). 

The reasons to adopt an evolutionary process are linked to the availability of new data: 

• evolution of physical and radiological inventories; 

• technical feasibility; 

• starting-point and end-point of the individual phases; 
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• learning feedback from previous phases or similar projects; 

• resources and organizational aspects; and 

• new or modified regulatory requirements. 

The evolution of a safety assessment follows an iterative and continuous process starting from 

initial safety assessment and ending with a final safety assessment. The initial safety 

assessment is taken from the overarching safety assessment. The final safety assessment is 

based upon the initial safety assessment and is the one used to prepare the working 

documentation. Objectives of the evolution process are not only to effectively develop the 

final safety assessment but also to provide feedback on the safety during development of the 

decommissioning works of the phase. As such, evolving safety assessments may be helpful in 

optimizing working methodologies depending upon the complexity of the hazards and 

magnitude of the consequences associated with the phase.  

It is good practice to undertake independent review of the final safety assessment.  

The following Fig. 7 shows the evolution process of safety assessments for a multiphase 

decommissioning project.  
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FIG. 7. Illustration of the evolution of safety assessments for a multiphase 

decommissioning project with three phases. 
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The decommissioning plan (DP) within Fig. 7 is the Final Decommissioning Plan which is 

submitted for approval to the regulatory body. The figure illustrates that for different phases 

the evolution of the final safety assessment can start at different times. It shows in addition 

that new data that can be collected from experience feedback, events and/or incidents, 

progress in dismantling and decontamination works may allow a better knowledge of the 

radiological inventory in the facility, etc. These new data may be considered relevant for the 

conduct of the upcoming phases and thus need to be considered for the development or 

evolution of the related safety assessments. 

An Initial Safety Assessment for a phase may be already detailed enough to allow the 

beginning of the decommissioning works. If not, an update is necessary following the 

iterative process sketched above. 

Safety assessments (initial, evolved or final) are supported by technical studies. As an 

example, different levels of studies can be identified: 

• Optioneering studies: The aim of the optioneering is to identify a “reference 

decommissioning works sequence” for the phase under consideration. These are 

mostly based on the qualitative optioneering results from the overarching safety 

assessment. The objective of optioneering is to ensure the technical feasibility of the 

“reference decommissioning works sequence” also taking into account the 

radiological impact to workers, public and the environment and as a result properly 

choose the better dismantling sequence. 

Such an optioneering study typically is based on: 

• basic data; 

• selection of decommissioning works sequence; 

• multicriteria comparison based mainly on: 

• safety issues; 

• radiological protection issues; 

• waste management issues; 

• environmental; and 

• resource utilisation.  

• Intermediate studies: The aim of the intermediate studies is to assess, for the selected 

decommissioning works sequence, a more precise assessment of radiological impact 

on workers, public and environment, the identification of the required safety functions 

and of the associated safety structures, systems and components (SSCs). 

• Detailed studies: The aim of detailed safety assessments is to confirm the dismantling 

and decontamination techniques and to identify the operating limits and conditions of 

the SSCs. 

The level of details of these studies generally increases according to the significance of the 

risks associated with the decommissioning works and as the planning for the 

decommissioning works proceeds towards the execution of the decommissioning works. The 

following Fig. 8 provides an illustration on the relation between the level of evolution of the 

safety assessment and the level of detail of the technical studies. It can be obtained, that 

initial, preliminary (evolving) and final safety assessments are not linked one by one with 
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optioneering, intermediate and detailed studies. Just in case of a final safety assessment the 

corresponding study needs to be a detailed one. 
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FIG. 8. Example of link between safety assessment and supporting studies 

in decommissioning. 

 

4.5 Update of the Safety Assessment 

During conduct, a safety assessment may need to be updated to take into account, for example 

due to: 

• any changes that may significantly affect the safety of the facility or the 

decommissioning works;  

• unforeseen events or circumstances, such as the dose rate lower or higher than 

expected, undocumented modifications of the facility or the presence of toxic 

materials such as asbestos, heavy metals and PCB; 

• significant developments in knowledge and understanding (such as developments 

arising from research or operating experience), like: 

• emerging safety issues due to a regulatory concern or a significant incident; and 

• safety significant modifications to the computer codes, or changes in the input 

data used in the safety analysis; 

• improvement of the techniques and tools; and 

• change of external factors, such as the availability of waste management routes or 

supporting facilities or the modification of end-state. 

If any reason for an update of the safety assessment occurs during a phase, a decision to stop 

the dismantling and decontamination works has to be considered depending on the impact on 
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the related final safety assessment. The impact on the other phases has also to be considered. 

During the update of the safety assessment, attention has to be paid to the compliance with the 

overarching safety assessment. 
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5 DECOMMISSIONING TERMINATION 

The term “decommissioning termination” refers to the technical and administrative actions 

implemented at the end of decommissioning associated with the removal of a site (or part of a 

site) from regulatory control.  

At the decommissioning termination stage, the operator’s aim is to demonstrate that the end 

state, as defined in the final decommissioning plan, has been successfully achieved. The 

operator is required to submit an application to the regulatory body for release of the site from 

regulatory control. Such application will propose either release without restrictions for the 

future use (i.e. with no ongoing institutional controls necessary in the interests of safety) or 

release with ongoing restrictions on site use (where ongoing control is necessary to ensure 

that health and safety are protected). 

Decommissioning termination could lead to: 

• the release of a part of the site with licensed operations continuing at the remaining 

part (partial site release) and the continuation of the original licence; 

• the release of a part of the site for unrestricted use (unrestricted release) and a release 

of the remaining site with restrictions on future site use (restricted use/restricted 

release) with or without a new licence; 

•  the release of a part of the site for unrestricted use and the remaining part in a “safe 

enclosure” condition under a new licence or under the original licence; 

• the release of a part of the site for unrestricted use, but with the remainder including a 

waste store regulated under either a new licence or a continuation of the original 

licence; and 

• the release of the site from regulatory control (possibly as a restricted release) prior to 

final demolition or dismantling of the decontaminated buildings and structures.  

In general, the term “site” will be used in this chapter 5 to refer to land, together with any 

buildings or other structures, proposed for release from regulatory control, as defined in the 

final decommissioning plan. Thus, the term “site” does not necessarily equate to the whole of 

the licensed site, but may instead refer to: 

• some of the land, buildings or structures on the licensed site; 

• a part of a larger site that is requested for release; and 

• one or more facilities on a multi-facility licensed site. 

This chapter 5 serves to: 

• summarise and expand upon existing additional guidance associated with applications 

to terminate a licence (principally IAEA’s safety guides [8] and [32]) for both 

restricted and unrestricted releases from regulatory control; 

• give an overview of national regulatory approaches to decommissioning termination, 

e.g. the legal and regulatory frameworks; the documentation required by the 

regulatory body (e.g. long term impact assessment and safety assessment, final 

decommissioning report, experience feedback); and 

• document relevant member state experiences and methodologies implemented by 

operators to demonstrate that an appropriate end state has been achieved. 
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To avoid duplication with respect to other chapters of this publication chapter 5 addresses 

aspects of the decommissioning process that relate directly or predominantly to the work 

associated with licence termination even though such work may also form part of the 

decommissioning planning, conduct or implementation. For example, this chapter addresses 

the work undertaken by an operator to demonstrate that its proposed end states have met 

relevant criteria. It does not address the planning and conduct/ implementation of activities 

needed to achieve these end states. 

The scope for this chapter has also been limited so that it only considers works undertaken by 

an operator when applying to terminate a licence, and not the regulatory review of such 

applications. Regulatory review aspects are addressed in Chapter 7 of this document. 

Additionally, by including any matter that relates directly or predominantly to 

decommissioning termination, the scope of this chapter extends beyond the pure 

implementation and evolution of safety assessments. To this end, the chapter covers the 

framework within which decommissioning termination safety assessments are conducted. 

This framework is illustrated in Fig. 9 taken from [8]. 

Finally, the term “safety assessment” as used in this chapter 5 will have a different meaning to 

its use in other chapters of this publication. In this chapter, “safety assessment” refers to 

evaluations of the future safety of persons potentially affected by doses from the released site, 

rather than an assessment of the safety of persons (workers and the public) potentially 

affected by the decommissioning activities.  
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FIG. 9. Clean up process as part of the release of sites from regulatory control ([8]). 

 

5.1 Range of National Legal and Regulatory Frameworks  

Guidance on the regulatory and legal framework governing decommissioning termination is 

set out in the IAEA Safety Guide WS-G-5.1  [8]. Key aspects of the suggested framework 

relevant to this chapter include: 
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• the operator is required to have overall responsibility for safety, including the cleanup 

of the site and management of radioactive waste generated during cleanup; 

• regulatory bodies need to define relevant safety requirements and criteria for the 

release of sites (e.g. site specific or generic criteria); 

• the operator needs to submit details of the cleanup activities and supporting 

documentation to the Regulatory body at appropriate intervals, and in particular in 

support of its application for release from regulatory control; 

• a final decommissioning report justifying the licence termination application needs to 

be submitted to the regulatory body. It needs to demonstrate that the end state 

complies with that in the final decommissioning plan. As a consequence the 

documentation provided to the regulator supporting an application for termination of 

a licence needs to include: 

• a demonstration that the decommissioning works set out in the decommissioning 

plan have been completed to an appropriate extent; 

• details of the final radiological characterisation of the site. It needs to be 

recognised that this may be complicated by the condition and location of any 

structures to be left on the site (including underground structures) and potentially 

the presence of areas of higher contamination due to, e.g. accidental spillages or 

escapes; 

• justification that the cleaned-up site meets relevant criteria, which may for some 

Member States include ALARA considerations.  

 

5.1.1 Approaches to safety assessment in support of decommissioning termination 

Three separate approaches to the use of safety assessment in support of licence terminations 

have been identified in different national legal and regulatory frameworks, as follows: 

• Approach A. The bulk of the safety assessment is carried out by the operator during 

decommissioning planning. Here, the safety assessment includes scenario modelling 

to generate optimised site-specific release criteria which – depending on the 

regulatory system – are agreed with the regulatory body before the decommissioning 

commences. A final radiological survey of the site demonstrates that the site meets 

the approved decommissioning criteria. 

• Approach B. The safety assessment is carried out by the operator once the 

decommissioning has been completed. This assessment includes scenario modelling 

based on actual measurements from the final site characterisation survey to confirm 

that doses to critical groups have been optimised and are in compliance with 

regulatory criteria. The final radiological survey of the site is a key input to the safety 

assessment. 

• Approach C. Generic safety assessments are carried out by the regulator, leading to 

non-site-specific release criteria (set out in either regulatory guidance or regulations). 

The operator’s submission in support of its application to terminate the licence 

confirms that its approach will meet the regulatory criteria and is consistent with the 

assumptions used by the regulator. If the regulatory criteria cannot be met or the site 

is not consistent with the assumptions used by the regulator the operator will need to 

follow either approaches A or B. 
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In approaches A and C, the bulk of the safety assessment work supporting the application is 

carried out during decommissioning planning. Successful decommissioning can be 

demonstrated by confirming that all remaining contamination is less than the release criteria 

previously agreed with (or set by) the Regulatory Body. In approach B, safety assessment 

work undertaken at the planning stage is repeated using measured contamination levels to 

confirm potential doses to critical groups will comply with relevant regulatory criteria. 

 

5.1.2 Approaches to dose criteria limits for release 

As stated in para. 3.7 of [8], the Member States’ Regulatory Body is responsible for deciding 

on the appropriate dose criteria to be used in termination decisions. Typically, the Member 

States establish an acceptable post-decommissioning dose and the operator develops 

concentration-based criteria to meet this dose limit which the Regulatory Body may then 

approve. Another approach is for the Member States to establish generic concentration-based 

criteria applicable to all facilities under decommissioning.  

It is recognised that the generic concentration-based release criteria approach is likely to 

result in conservative criteria because of the need to make generic assumptions in the dose 

assessment. Therefore cleanup activities may be more extensive and costly. In contrast, the 

operator-derived release criteria can potentially place an additional burden on the operator and 

the Regulatory Body, but it is likely to result in a more realistic set of site-specific release 

criteria. 

Most Member States have adopted release criteria up to 300 µSv/year, though the majority 

use 100 µSv/year and a few use 10 µSv/year. All these criteria align with para. 2.11 of [8] 

which states that release criteria need to be of the order of 100 – 300 µSv/year. Moreover, 

most Member States use a graded approach, in which different standards are adopted for 

different situations or types of facilities (e.g. reflecting the complexity and hazard potential of 

the site). In all cases, the acceptability of the licence termination application and decisions on 

the need for, and type of continuing institutional controls, are on a case-by-case basis. 

For clearance levels (as defined in IAEA standards [32] and [33]), most Member States use 

the dose criterion of 10µSv/year (or a range of criteria of order ~10 µSv/year) for materials 

like scrap, rubble etc. Clearance levels for some Member States are also used as the de-facto 

criteria for termination decisions. These Member States separate the licence for clearance 

from the legal framework of termination. Demonstration of this clearance level is therefore 

adequate to allow for termination to take place. Additional guidance on the application of 

clearance is given in [32]. The restricted or unrestricted release of a site may be given with 

conditions for the period after termination of decommissioning. This is explored further in the 

next section. 

 

5.1.3 Approaches to restricted use 

In line with [8] unrestricted use is the preferred option following licence termination in most 

Member States. In some Member States this is the only option permitted within the existing 

legal framework. At the time of writing, restricted use is theoretically an option in most 

Member States, but has only been applied in practice in a few cases. The majority of the 

Member States do not yet have examples where institutional controls have been implemented 

in practice. The principal difficulties with a restricted release approach appear to be concerned 

with identification of an appropriate regulatory framework for ensuring appropriate 

institutional controls remain in force and satisfying public expectations that residual risks will 
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be suitably controlled for an appropriate period. It is important to note that restricted use 

needs to be considered only in those rare instances where all other unrestricted release options 

have been evaluated and determined to be unacceptable due to safety, economical or 

environmental concerns.  

In cases where restricted release has been applied in practice, regulatory bodies have required 

the following: 

(a) a demonstration that the restrictions and associated institutional controls will ensure 

that doses comply with an established dose criterion which may include ALARA 

considerations and a demonstration that a loss of institutional control will not result in 

unacceptable doses to the public (e.g. above 1mSv/y – see Section 5.2.2); 

(b) the identification of the legally enforceable institutional controls and an explanation 

of how the institutional control is a legally enforceable mechanism;  

(c) the identification of who will enforce and have authority to enforce the institutional 

controls; 

(d) the identification of the restrictions on present and future landowners, and the 

duration these restrictions will span; 

(e) the clarification on the management of the site maintenance and long term monitoring 

programme; 

(f) a demonstration that the views of stakeholders have been sought and taken into 

account as a part of the decision to opt for restricted release.  

Further details on the application of institutional controls are provided in Section 5.4. 

In most Member States, the removal of the site from regulatory control ends the operator’s 

legal responsibilities for nuclear and radiological safety at the site. However, this statement 

might be challenged if, for example, the final decommissioning report was found to be in 

error and/or a significant radiological hazard was later found at the site. 

A wider review of Member States’ experiences can be found in ref. [34]. 

 

5.2 Operators Activities 

The operator’s demonstration that an appropriate end state has been achieved needs to be 

supported by some form of safety assessment. As noted above, Member States use three 

different approaches to such assessments, all of which comply with [8]: 

• Approach A. This approach leads the operator to propose criteria usually expressed in 

Bq/g isotopic limits which the decommissioning project will need to achieve; 

• Approach B. This approach leads the operator to demonstrate that the final end-state 

complies with relevant regulatory criteria, usually expressed as dose limits (µSv/y); 

• Approach C. This approach leads the operator to use generic criteria supplied by the 

Regulatory Body.  

The additional guidance presented below is considered to apply to all the approaches to safety 

assessments for licence termination encountered during the FaSa project. Irrespective of the 

approach chosen and the responsibilities, there are four essential steps to demonstrate future 

safety in support of licence termination applications: 
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1. set out the input assumptions to the safety assessment; 

2. identify relevant regulatory criteria and regulations; 

3. undertake scenario modelling (which in approach C is done by or on behalf of the 

Regulatory Body); and 

4. demonstrate compliance with the relevant regulations and criteria.   

The following sub-sections discuss each of these steps in turn. 

 

5.2.1 Input information 

The input information needed for the safety assessment will depend primarily on the approach 

adopted. Nevertheless, there will always be two types of information that need to be collated: 

• anticipated (or in the case of approach B actual) end state conditions; and 

• whether the proposal relates to restricted or unrestricted release. 

In approaches A and C the end state considered will be the planned end-state following 

completion of decommissioning; in approach B it will be the actual end-state based on a site 

characterisation survey (see section 5.2.4).  

The input information required for the demonstration of an appropriate end state will be the 

same regardless of whether the application is for restricted or unrestricted release.  

The regulatory framework of the Member States will be important for choosing the end state. 

In addition, the end state proposed by the operator will depend on a number of factors. These 

could include the results of the pre-decommissioning site characterisation survey, the nature 

and level of the radionuclides known to be present in the area to be de-licensed and the 

presence or otherwise of buildings or structures (possibly underground) to be left at the site. 

The overall process is illustrated in Fig. 9, taken from [8] which provides further detailed 

guidance on the pre-decommissioning site characterisation survey and the evaluation of 

historical radiological data for a site. 

Results from radiological survey of the site before commencement of operation of the facility 

(i.e. surveys prior to construction) will often be a key aspect of this historical data. This is 

because the release criteria need to be based on the incremental dose arising from the use of 

the site, i.e. excluding natural background radiation. Further information relating to such pre-

use surveys can be found in section 5.2.4. 

The characterisation data form the basis of the inputs to the Final Decommissioning Report 

used as part of the operator’s application for termination. It creates the baseline against which 

the success of the decommissioning activities is measured. 

5.2.2 Identify relevant regulations and criteria 

When undertaking safety assessments in support of decommissioning termination, it is 

imperative to identify the relevant regulations and criteria that the application will ultimately 

be judged against. This identification needs to be done at the decommissioning planning stage 

in order to ensure the planned end state will allow termination to take place (see section 5.1.2 

about dose criteria limits for release).  

IAEA Safety Standards Guide [8] states that “decommissioning and the release of sites from 

regulatory control should not be regarded as separate practices requiring justification in 

their own right. The consequences of both decommissioning and the subsequent release of a 
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site from regulatory control should be considered within the initial justified decision on the 

adoption of the practice as a whole”.  

Furthermore, IAEA Safety Standards Guide [8] recommends the optimization of protection 

for decommissioning termination as a key part of the operator’s assessment. Fig. 10 shows the 

underlying general concept for optimization taken from [8]. 

 

≈ 10 µSv in a year 

Optimised site release dose criteria 

Dose constraint (<300 µSv in a year) 

Dose limit (1 mSv in a year) Region for release 
of a site for 
restricted use if 
the restrictions fail 

Region of optimisation 
for site release for 
restricted use provided 
that restrictions are in 
place 

Region where dose 
reduction measures are 
unlikely to be warranted 

Region of 
optimisation for 
unrestricted site use 

 

FIG. 10. Constrained optimisation and regions of effective dose for members of the 

critical group in the release of sites, ([8]). 

The options for finding the optimal protection to the critical group may range from doing 

nothing to extensive cleanup. In evaluating these options, the intended and potential uses of 

the site are important, as these will determine any future doses to members of the public. 

Scenario modelling is covered in further detail in 5.2.3 of this chapter. In addition, [8] states 

that “the Regulatory Body should review and approve the cleanup plan to ensure that the 

cleanup activities can be conducted safely and that the end state of the site will be in 

compliance with the release criteria. This can be done as part of the review of the overall 

decommissioning plan.”. 

IAEA Safety Standards Guide WS-G-5.1 ([8]) further states that “the optimum cleanup option 

and the corresponding dose release criteria for the site should be used to derive release 

criteria for the activity concentration of each radionuclide concerned, in Bq/g or Bq/cm
2
, by 

means of the optimisation process. The release criteria for each radionuclide represent the 

activity concentration of that radionuclide that would give rise to the optimised dose criterion 

for the release of the site. If a site has been contaminated with a mixture of radionuclides, 

then compliance with the optimised release criteria for the site should be demonstrated by 

using the sum of fractions rule to derive appropriate release criteria for the particular mix of 

radionuclides.”. 

The choice of relevant criteria may also be influenced by relevant stakeholders, such as other 

government bodies or regulators, regional government and public groups (e.g. local groups, 

None Government Organisations (NGOs), operator suppliers, etc.). Consultation with 

interested parties could assist: 
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• the selection of the scenarios; 

• the definitions of the institutional control measures;  

• the identification of the critical groups; and 

• the end state of the site under consideration for release and its future use.  

In addition, depending on national regulatory frameworks, there may be relevant interested 

parties who need to be consulted before a final decision or authorisation is given by the 

regulatory body. 

 

5.2.3 Scenario modelling 

As outlined in earlier sections, scenario modelling needs to be undertaken by the operator for 

Approach A and Approach B to safety assessment. In Approach A, the scenario modelling 

will be documented as part of the final decommissioning plan, while for Approach B, it will 

recorded in the operator’s final decommissioning report. As Approach C utilises generic 

criteria set by the regulatory body, scenario modelling is not carried out by the operator.  

There is a very wide range of scenario modelling techniques employed throughout the 

worldwide nuclear industry. This variety has arisen due to the complexity and variation of the 

facilities and environments being described. Further information on techniques being 

utilised/developed by member states can be found on the EMRAS II project (Environmental 

Modelling for Radiation Safety [35]) (on the IAEA website
2
). However, despite this diversity 

there is a common thread of identifying the appropriate critical groups justifying the 

assumptions used in the models. 

RESRAD ([36], [37]) is an example of a computer model, which may be used to estimate 

radiation doses and risk from RESidual RADioactive materials. RESRAD takes into account 

a detailed radiological model, which establishes the link between fundamental dose criteria 

and the mass or surface specific activity levels for the relevant nuclides. The radiological 

model comprises of the following scenarios: 

• resident farmer; 

• suburban resident;  

• industrial worker; 

• recreationist. 

For each scenario, a number of exposure pathways are considered. An overview of the 

pathways used in resident farmer scenario of the model is shown in Fig. 11, taken from [36]. 

This illustrates the complexity of considerations for scenario modelling. Here, the critical 

group is a family who live on the released site and who produce the major part of their 

foodstuff on the site (including cattle, milk and drinking water). 

___________________________________________________________________________ 

2 http://www-ns.iaea.org/projects/emras/emras2/default.htm 
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FIG. 11. Exposure pathways considered in the RESRAD Code ([36]). 

Default parameters can be utilised in scenario modelling, however these are often very 

conservative and may not be practical to use. Site-specific parameters can give realistic data 

for use in scenario modelling, but can lead to much analysis.  

IAEA Safety Standards Guide WS-G-5.1 ([8]) provides advice on scenario modelling: “An 

optimization process should be used to develop release criteria. This process allows for 

iteration between individual steps, with account taken of the optimization factors, as 

discussed in Section 2. The following activities should be performed on the basis of 

optimization of the overall decommissioning activities, the end state of the site as defined in 

the decommissioning plan, the associated dose criteria, the dose constraints and the site 

description: 

(a) definition of the scenarios and identification of the exposure pathways; 

(b)  compilation of the specific data and information for the scenarios and pathways; 

(c) definition of the conceptual models for the site; 

(d) conduct of dose assessments; and 

(e) determination of the release criteria.” 

In accordance with the specific guidance by the regulatory body, the operator needs to 

determine which scenarios and which corresponding exposure pathways are most applicable 

for the site. Involvement of interested parties needs also to be considered when selecting 

scenarios (as explained in the previous section 5.2.2 of this chapter). The selected scenarios 

and pathways need to be used as the basis for dose assessments either to develop isotopic 

release criteria (Approach A) or to confirm that the regulatory body’s criteria have been met 

(Approach B, Approach C). In Approach A, the release criteria need to be derived from an 

iterative analysis of a set of all reasonable scenarios. Likewise, in Approach B, the operator 

needs to demonstrate the regulatory criteria have been achieved through an analysis that 

includes all reasonable scenarios. 

The scenario modelling needs to take due account of the uncertainties in relation to the 

characteristics of the site and its potential use. Uncertainties, such as those relating to the level 

of contamination and hidden, buried structures and waste, need to be taken into account in 



 

 

44 

determining the impact of the release of the site. These uncertainties, together with the 

uncertainties associated with the future use of the remaining buildings on the released site, 

need to be considered in the optimization of protection, with account taken of the level of 

confidence that is required for release of a site from regulatory control. 

A conceptual model of the site needs to be developed to allow the operator and the regulatory 

body to gain an understanding of the expected behaviour of any radioactive material 

remaining at the site after release from regulatory control. This information is important in 

developing the dose assessments that are needed for either determining the release criteria for 

the site (for approach A), or ensuring the given criteria are appropriate (approaches B and C).  

 

5.2.4 Demonstration of compliance with regulations and criteria 

Demonstration of Compliance 

After completion of all decommissioning activities and of any remediation (if planned), in 

order to terminate the licence, the operator needs to demonstrate that all criteria and 

regulatory requirements have been met and that the proposed end state has been reached. 

This demonstration needs to provide confidence to the operator, the regulatory body and 

stakeholders that the decommissioning has been successful. During the conduct of 

decommissioning works the operator needs to carefully control all work performed and carry 

out inspections of the facility with respect to the planned and licensed work activities to 

ensure that, at the end of the decommissioning, the intended final end state will be achieved.  

The demonstration of compliance complements this continuous effort of monitoring and 

provides the final proof that no deviations from the planning – in terms of the achieved end 

state – have occurred. Especially with respect to contamination of remaining buildings or 

structures and of the site, this final proof will guarantee that no undue contamination will exist 

which is not considered in the safety assessment related to the end state. 

The demonstration of compliance serves as the basis for the regulatory body’s decision to 

release the site from regulatory control, i.e. terminate the licence.  

In general, the demonstration of compliance needs to consider all criteria and regulatory 

requirements that are relevant and defined for the decommissioning project. As such, the 

demonstration of compliance is closely linked with the safety assessments described in the 

previous section.  

Depending on the criteria and regulatory requirements, the process of preparation of the 

demonstration of compliance may include an assessment of documentation of the conduct of 

the decommissioning activities, and inspections and surveys to verify that the planned end 

state has been achieved.  

The demonstration of compliance needs to be transparent and auditable and of sufficient 

detail to provide the necessary confidence that the decommissioning has been adequate. As 

such, it needs to be subject to the operator’s quality management processes and may also be 

subject to an independent review on behalf of the operator. The structure of the demonstration 

of compliance needs to meet national requirements. Where surveys need to be performed, 

national and international standards need to be applied and best practice taken into account as 

far as possible. 
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Final Radiological Survey 

The operator’s demonstration of compliance needs always to include a final radiological 

survey of the remaining buildings, structures and of the site. This final radiological survey 

comprises a set of measurements and assessment of their results to show that the residual 

radioactive activity of buildings, structures or at the site are optimised and within the stated 

criteria. The design and conduct of the survey needs to be included in the decommissioning 

plan and needs to be agreed by the regulatory body prior to beginning the final surveys.  

It has to be noted that the final survey is not the same as surveys carried out for the 

radiological characterisation and operational surveys, although these surveys can support the 

final radiological survey, as long as the potential for recontamination of the area has been 

prevented appropriately. 

The final radiation survey plan needs to include: 

• a description of  the site, building and structures and their potential radioactive 

contamination (if any), which will be subject to the survey; 

• a discussion of all  procedures that will be used to perform the final survey; 

• a listing and justification for radiation measuring instruments and laboratory 

analytical instruments that will be used, including the procedures for their use, 

calibration, operational checks, coverage and sensitivity and methodology for each 

type of media and radionuclide; and 

• a description of the methodology for evaluating the survey results to ensure they are 

statistically correct and accurate. 

Further aspects of survey planning can be obtained from [8] and Annex I of [ref DS452]. 

The radiological survey needs to subtract the effects of background (natural) radiation and 

contamination due to historic fall-out. This subtraction ideally is based on surveys of 

reference areas or material as described in the final radiation survey plan.  

At a minimum the results of the final radiological survey, the release criteria and the 

measuring instruments, methods and procedures used to demonstrate compliance with the 

criteria need to be documented in the final radiological survey report in a transparent and 

auditable manner (see Annex III of the [ref DS452]). 

The coverage of the survey (i.e. the level of sampling) will depend upon the extent of 

expected radiation, focussing on those areas where remaining contamination is likely to or has 

the potential to be greatest. International experience proposes (e.g. [34]) identification of the 

radiological contaminants and classification of the affected areas by their potential residual 

radioactivity. The classification allows systematic adjustment of the level of survey coverage. 

A typical example of a classification scheme is provided by MARSSIM, whose classes are 

listed in Table 1 [38]. 

 

 

 

TABLE 1. The MARSSIM classification scheme (according to [38]) 

 

Class Explanation Proposed survey coverage 
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Class 1 Areas that have, or had prior to 

remediation, a potential radioactive 

contamination or known contamination 

above the relevant criteria. 

100% 

Class 2 Areas that have, or have had prior to 

remediation, a potential for radioactive 

contamination or known contamination, but 

are not expected to exceed the relevant 

criteria. 

10% to 100% - systematic & 

judgmental 

Class 3 Any impacted areas that are not expected to 

contain any residual radioactivity, or are 

expected to contain levels of residual 

radioactivity at a small fraction of the 

relevant criteria. 

Judgmental 

 

The measuring techniques and the statistical methods applied need to be appropriate to the 

radionuclides expected or found to be present. The composition of the radioactive material by 

individual radionuclides (sometimes known as the nuclide vector) needs to be determined by 

pre-analysis and documented in the safety assessment. 

 

Special Case of Hidden or Buried Structures 

Member States’ experience has shown that hidden or buried structures at a site need special 

emphasis within the final radiological survey, as the radiation from the radioactive material 

may be shielded. This is especially the case if past normal or abnormal operation of the 

facility suggests remaining contamination cannot be completely excluded (e.g. within or 

beneath these structures). Special survey activities/techniques need to be used in such cases.  

The same also holds for those areas of a site, for which contamination of the soil with 

radioactive material to a depth deeper than a typical surface layer of 5 to 15 cm cannot be 

excluded. Such areas might include, for example: close to an underground storage for liquid 

radioactive waste from operation of the facility, near surface connecting pipes for liquid 

radioactive waste or active material residing between different installations of a facility (e.g. 

spillages from material transfers (from flasks, ore transfer pipes …), fallout from stacks etc). 

These special survey activities need to consider that due to shielding, remaining 

contamination might not be detected or the level of contamination might be underestimated 

resulting in a false conclusion of compliance with release criteria. 

Typically, hidden or buried structures will have already been subject to a specific radiological 

characterisation plan when the site was characterised as part of decommissioning planning. 

This characterisation plan needs to be used to provide additional help in preparing the post-

decommissioning survey plans. 

 

Review of the demonstration of Compliance 

The results of the operator’s demonstration of compliance and final radiological survey may 

be used by the regulatory body to inform its decision on whether to terminate the licence. 

Depending on the national regulatory system, additional final radiological surveys may also 
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be performed by the regulatory body or by organizations on behalf of the Regulatory Body. 

These additional radiation surveys do not release the operator from its responsibility to 

demonstrate compliance, nor to undertake careful and appropriate radiation surveys. 

The demonstration of compliance needs to take place after completion of relevant portions of 

the decommissioning plan necessary for the licence termination. However, if 

decommissioning is to be performed in several phases with individual end points which 

cannot be affected by later decommissioning activities, parts of the demonstration of 

compliance may be performed before completion of the full decommissioning activities. 

However, in such cases, the approach needs to be appropriately justified and the final 

demonstration of compliance needs to show that earlier part-demonstrations continue to 

remain valid. 

Finally, in case of clearance of buildings, structures and of a site, the final radiological survey 

will usually be part of the clearance process. Its results will typically be submitted to the 

regulatory body to inform its opinion on the related release of the building, structure or site 

from regulatory control. In such cases another survey, undertaken after completion of the 

decommissioning activities might not be required as long as any negative impact from 

ongoing decommissioning activities can be excluded. 

 

5.3 Multi-Facility Sites 

This section addresses the following potential scenarios for decommissioning termination 

decisions on a multi-facility site: 

• decommissioning of one facility within a non-operational multi-facility site;  

• decommissioning of several facilities within a non-operational multi-facility site;  

• decommissioning of one facility within an operational multi-facility site; and 

• decommissioning of several facilities within an operational multi-facility site.  

For a multi-facility site where decommissioning and operations are occurring simultaneously, 

authorisation to proceed with decommissioning may be provided either as part of the existing 

operational licence or by issuing a separate decommissioning licence, depending on 

individual Member States’ regulatory frameworks. 

Particular issues that may affect decommissioning termination at a multi-facility site include: 

• prevention of contamination of the released part of the site from the non-released part 

(possibly due to the decommissioning activities) and vice-versa; 

• the effect of doses from the released and non-released parts of the site on one another;  

• ensuring that institutional knowledge about the released site is maintained; and 

• ensuring that the appropriate institutional controls are in place if only one part of the 

site is released with restrictions on future site use. 

 

End-state Objective 

The decommissioning planning needs to determine if the decommissioning of an individual 

facility on a multi-facility site will be an independent decommissioning activity, or an interim 

objective of a wider project or part of the overall end state objective for the site. 
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An interim end state objective may be defined, in case the site or part of the site will be used 

temporarily, until the overall site decommissioning will be completed. For such an interim 

end state it has to be ensured that in the planning stage, the decommissioning takes into 

consideration the overall site decommissioning objective. In this situation, decommissioning 

termination has to be able to demonstrate that the interim end state objective has not impacted 

upon the overall site end state objective. The final condition of the decommissioning facility 

needs to fed into and not compromise the site objective. 

At the decommissioning planning stage there are two possible types of end states for a partial 

release of a multi-facility site: 

• Restricted use: The decommissioning criteria for an interim end state objective of a 

facility within a multi-facility site may result in a less stringent decommissioning 

criteria resulting in a “brownfield” facility. The decommissioned facility at 

termination would or could possibly remain under institutional controls depending on 

the regulatory framework within individual Member States. 

• Unrestricted use: At decommissioning termination there would be a clean facility 

within a regulated site. This would pose certain issues in ensuring that the facility is 

maintained in such a state, e.g. potential for recontamination, and shine from the 

operational site. The configuration of the site may require rerouting of traffic and the 

re-configuration of services such as electricity, water, sewer, etc. 

 

Decommissioning Termination Activities 

Decommissioning termination activities for a multi-facility site may require additional 

documentation and, depending on the interim end state objective, the introduction of 

additional controls. The precise conditions for such circumstances should be discussed and 

agreed with the regulatory body, consistent with the regulatory framework. 

 

5.4 Institutional Controls 

Applications for restricted release may be necessary since unrestricted land use (i.e. with no 

ongoing institutional controls) will not always be achievable for technical or economic 

reasons. For instance, a shortage of radioactive waste disposal facilities or capacity may mean 

wastes could remain on site in interim storage facilities for a considerable time. In addition, 

low level ground contamination may be impracticable to clean up or remove and so the site’s 

licence may need to be terminated with institutional restrictions on its future use.  

In view of these and other factors, safety assessments and other documents (e.g. 

environmental impact assessments) used to support the termination proposal will be different 

in nature to those documents used to support the implementation of decommissioning. This is 

because the main consideration will be long term exposure pathways and environmental 

impact. 

Unrestricted use has to be the preferred outcome following licence termination, (and in some 

Member States, is the only option currently available). However, in recognition that there may 

be a limited number of sites where licence termination with restrictions may be appropriate, 

advice on restricted use with institutional controls following termination is provided here.  

If the restricted use criteria cannot be met, the operator needs to re-evaluate and if necessary 

revise its decommissioning plan. There may be an iterative process to meet restricted use 

criteria. If the restricted use criteria can still not be met, the Regulatory Body would not be 
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able to terminate the site licence and some form on on-going licence would need to be 

employed. 

Not all Member States have the option of releasing a site for restricted use, but for those 

which do, the operator needs to provide the regulatory body with information as described in 

section 5.1.3.  

As an example, the Consolidated Decommissioning Guidance “Decommissioning Process for 

Material Licensees”, Final Report, NUREG-1757 Vol. 1 Rev. 2 ([39]), gives specific national 

guidance with regard to institutional controls: “Institutional controls are used to limit intruder 

access to, and/or use of, the area to ensure that the exposure from the residual radioactivity 

does not exceed the established criteria. Institutional controls include administrative 

mechanisms (e.g., land use restrictions) and may include, but not be limited to, physical 

controls (e.g., signs, markers, landscaping, and fences) to control access to the site and 

minimize disturbances to engineered barriers”. 

Institutional controls address a variety of restrictions and need to be adapted to the 

particularities of each site situation. Restrictions may include prohibitions on farming, 

industrial, recreational, or residential use. Prohibitions on excavation and water use may also 

be warranted. Generally, a layering of different restrictions and mechanisms will be needed to 

provide for durable and effective institutional controls. 

According to [39] specific requirements for demonstrating adequate institutional controls 

(summarised from reference [39]) include: 

• a demonstration that the proposed controls are adequate to limit the dose to the public 

under reasonably foreseeable conditions; 

• an agreement from the proposed control party that it is able and willing to assume 

responsibility for the site; 

• a description of the legally enforceable institutional control(s) and an explanation of 

how the institutional control is a legally enforceable mechanism; 

• a description of any detriments associated with the maintenance of the institutional 

control(s); 

• a description of the restrictions on present and future landowners; 

• a description of the entities enforcing, and their authority to enforce, the institutional 

control(s); 

• a description of the proposed duration of the institutional control(s), the basis for this 

duration, the conditions that will end the institutional control(s), and the activities that 

will be undertaken to end the institutional control(s); 

• a description of the plans for corrective actions that may be undertaken in the event 

that the institutional control(s) fail; and 

• a description of the records pertaining to the institutional controls, how and where 

they will be stored, and public access to them.  

Overall, the operator needs to demonstrate to the regulatory body that the proposed 

institutional controls will be adequate and practicable for as long as envisaged necessary. 

The operator needs engage a discussion with stakeholders other than the Regulatory Body 

who will have an interest in the controls proposed. Interested parties need to be informed of 

any site restrictions and of the results of monitoring and surveillance. As an example, [39] 
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suggests that operators need to “seek the advice of individuals and institutions in the 

community who may be affected by the decommissioning. Operators should seek advice from 

such affected parties regarding the following matters concerning the proposed institutional 

controls: 

– whether provisions for Institutional Controls proposed by the operator should provide 

reasonable assurance regarding residual radioactivity distinguishable from 

background to the average member of the critical group; 

– be enforceable; and 

– not impose undue burden on the local community or other affected parties. 

To provide for sufficient opportunity for the stakeholders to participate, the operator should 

provide for the following: 

– participation by representatives of a broad cross-section of community interests who 

may be affected by the controls; 

– an opportunity for a comprehensive, collective discussion on the issues by the 

participants represented; and, 

– a publicly available summary of the results of all such discussions, including a 

description of the individual viewpoints of the participants on the issues and the extent 

of agreement or disagreement among the participants on the issues”. 

Depending on the regulatory system the operator’s licence termination application needs to 

detail how the advice of individuals and institutions in the community who may be affected 

by the restricted use and associated institutional controls has been sought and incorporated. 

 

5.5 Information for End State Demonstration 

Practice as to what is required in support of a licence termination application varies between 

Member States. While some Member States require a suite of documentation justifying the 

application, others only require the final status survey and a demonstration that the waste 

issue has been adequately addressed. 

IAEA guidance on the provision of information to the regulatory body following completion 

of decommissioning is given in the three IAEA Safety Standards Guides [5-7] though the 

advice differs in minor respects. In addition, para. 3.12 in [8] provides information regarding 

typical data that a regulatory body needs to review as part of the determination of whether the 

end state has been achieved. This regulatory review process can then be translated into what 

the operator needs to supply to the regulatory body to enable the review process to proceed in 

a timely manner. 

A suggested content of a report prepared in support of licence termination application, 

including the particular case of release for restricted use, could be found in the Annex 2 of the 

[ref DS452]. 
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6 IMPLEMENTATION OF THE SAFETY ASSESSMENT RESULTS 

 

6.1 INTRODUCTION 

The purpose of chapter 6 is to describe and illustrate relevant experiences on implementation 

of the results of the final safety assessment during decommissioning conduct. The primary 

output of the final safety assessment is determination of the safety measures in accordance 

with a graded approach. The implementation of the results of the final safety assessment is a 

process of embedding the safety functions and decommissioning limits and conditions (DLC) 

into the working level documentation (working procedures). This allows the dismantling and 

decontamination actions to be safely performed and managed by the operator. 

In addition, due to the strong interaction and interfaces between the final decommissioning 

plan (FDP) and its associated safety assessments (SA), SA results have an impact to the FDP, 

for example, to the concept of dismantling, or to the design of monitoring programmes 

defined in the FDP (e.g. dose monitoring for workers, monitoring of release of radioactive 

material). Thus, some of the SA results are already incorporated in the FDP. 

Decommissioning and dismantling may involve the deliberate removal of SSCs that had 

fulfilled safety functions during operation of the facility (e.g. containment, shielding, 

ventilation, and cooling). If these safety functions are still required during decommissioning, 

the associated SSCs need to be maintained in an appropriate state as defined by the final SA. 

When necessary, new SSCs may be required to support safety functions during 

decommissioning. The decision making process to remove safety functions and the related 

SSCs or to provide new ones during decommissioning is a key issue, which can be addressed 

following the process presented in Chapter 4. 

 

6.2 THE IMPLEMENTATION PROCESS 

Decommissioning actions have to be planned properly to ensure that they can be carried out 

safely and effectively. The purpose of this section is to illustrate, as shown in Fig. 12, how the 

outcomes of the final safety assessment can be embedded into the working procedures 

associated with the decommissioning actions. 
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FIG. 12. Illustration of information flow for implementation of safety assessment results in 

decommissioning works. 

The “decommissioning limits and conditions” (DLC) are developed in order to define how in 

practice the results of the final safety assessment will be implemented. In addition, this 

document needs to identify which kind of periodic maintenance will be undertaken for each 

SSC important for safety, and which operating parameters have to be controlled and recorded. 

Linked with the DLC document, detailed working procedures are developed by the operators 

to allow the dismantling actions to be performed by the workers. References for these 

procedures are generally provided in the DLC document. 

Arrangements need to be put in place to ensure that safety related actions are adequately 

internally authorised and controlled. If a decommissioning limit or condition cannot be met or 

a working procedure cannot be followed, this has to be internally reported and the causes have 

to be analysed internally. This may lead to the updating of a decommissioning limit/condition 

or working procedure. Revision of the final safety assessment may lead to a change in the 

decommissioning methodology to remain within the defined limits and conditions in 

accordance with the organisation’s management system. 

The “Decommissioning Limits and Conditions”, the “working procedures”, the “works 

internal authorisation” and the “work control and review” processes may be subject to 

regulatory inspections during the decommissioning conduct. The operator requires a system 

which controls the implementation of the process: 

– authorize implementation of the decommissioning limits and conditions; 
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– approve working procedures; 

– train personnel; 

– approve changes to decommissioning limits and conditions; and 

– single entity responsible for co-ordination of above mentioned. 

The DLCs may have to be updated to reflect the current status of the facility and the progress 

that has been made by the decommissioning project. When a “phased” approach is adopted by 

the decommissioning project, the DLCs have also to take into account the transition from one 

phase to the next phase and how the information flows into the working documentation. 

When phases run in parallel, including the interdependencies between phases, the DLCs are 

based on the final safety assessments results and parameters of these individual phases. The 

working documentation has to reflect the DLCs of all related phases. 

 

6.2.1 Decommissioning Limits and Conditions (DLCs) 

The DLCs address the technical limits (i.e. parameters, numerical values, etc.) to be observed 

so that the SSCs important to safety are able to perform their intended safety functions as 

assumed in the final safety assessment. The DLCs have also to take into account regulatory 

requirements and licence conditions. Safe decommissioning depends on operating personnel 

as well as on equipment; DLCs therefore also need to cover actions to be taken and 

limitations to be observed by operating personnel including their training. 

The DLCs form an envelope or boundary for parameter values and system conditions, within 

which the decommissioning conduct has been demonstrated to be safe (by the final safety 

assessment), and that the site personnel, the public and the environment are adequately 

protected against radiation hazards. Thus the DLCs contribute to the prevention of accidents 

and to mitigation of the consequences of accidents, if they do occur. The DLCs enable the 

operator to apply “defence in depth” in terms of safety and for the decommissioning actions 

to always remain within the “boundaries” of the final safety assessment. It is particularly 

important when dismantling actions are performed in parallel during decommissioning 

conduct. 

Some limits and conditions stemming from the operational phase of the facility (OLCs) can 

be relevant during decommissioning. These OLCs need to be reviewed and modified to 

ensure that they are appropriate to the decommissioning. The development of the DLCs is 

based on the design of the existing facility, the installation of the equipment to enable 

decommissioning and the final safety assessment concerning the decommissioning actions 

and the ability to provide structural and safe integrity until the end of decommissioning. 

To prevent situations from arising that might lead to accident conditions and to mitigate the 

consequences of accident conditions if they do arise, limits and conditions important to 

decommissioning safety, including safety system settings/ranges, need for controls, periodic 

testing and maintenance and administrative requirements need to be established, subject to 

internal review, and may be submitted to the Regulatory Body, depending on the national 

regulatory framework. They have to be developed at least in accordance with the final safety 

assessment results, but need to take into account safety margins to provide early indication of 

deteriorating conditions and establish a robust system to enable “defence in depth” to be 

achieved. 

Safe decommissioning depends on qualified personnel as well as on equipment performance, 

thus they also cover actions to be taken and limitations to be observed by personnel. Each 
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limit and condition needs to be supported by a clear statement of its objective, applicability, 

specification and justification, as appropriate. These items will be included in the working 

documentation to increase the operating personnel’s consciousness of their application and 

compliance. The limits and conditions for decommissioning will include at least: 

– list of SSCs and associated safety function defined in the final safety assessment; 

– settings and ranges for the SSCs defined in the final safety assessment; 

– surveillance (inspection, periodic testing and maintenance) requirements of those SSCs 

defined in the final safety assessment; and 

– list of administrative safety measures and how control is demonstrated. 

In addition, DLCs could also include provisions for the management of radioactive waste, for 

the transport of radioactive waste and materials and for the approved discharges during 

decommissioning. 

As all the safety functions and SSCs may be specific to given decommissioning phases, they 

may not be required for the entire decommissioning project. There may be a need to 

continuously update the DLCs of the facility. More details on the structure and content of the 

DLCs can be found in the Appendix I of this publication. 

 

6.2.2 Working procedures 

Development of the working procedures 

All decommissioning actions has to be performed in conformance with working procedures 

issued in accordance with the integrated management system. The availability and correct use 

of written working procedures is an important contribution to safety of the decommissioning 

actions. The working procedures typically address: 

– scope of the task; 

– hazard identification and associated controls; 

– methods and techniques; 

– sequence of execution of the sub tasks in a chronological order, including hold points 

and independent verification steps; 

– task relevant DLCs; 

– actions to be implemented in case of unexpected event; 

– associated quality management requirements (hold points, signature points, etc.); 

– roles and responsibilities including qualifications of personnel and training needs, if 

any; 

– cross reference to other procedures and supporting documentation; and 

– records management. 

Special attention is needed to ensure that the limits and conditions are embedded into the 

working procedures and that they are compatible with the general working environment. The 

working procedures have to be verified and validated by authorised persons to ensure that 

they are administratively and technically correct, are easy to understand and to use, and will 

function as intended. 
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The decommissioning personnel may initiate and needs to be involved in the process of 

developing the working procedures. The experience and knowledge about the 

decommissioning actions needs to be utilised during the drafting of the working procedures 

and any learning/improvements from inactive trials (where undertaken) and previous 

decommissioning actions need to be incorporated into the working procedures. 

Each procedure needs to be sufficiently detailed for the designated personnel to be able to 

perform the required actions and the procedures have to be developed in accordance with 

established requirements and recommendations relating to quality assurance. 

Persons with appropriate competence and experience have to be designated to prepare 

procedures. Human factors need to be taken into account to develop safe, reliable and 

effective working procedures. Consideration is needed to be given to the layout, the general 

design of the facility, staffing requirements and decommissioning experience at the facility 

concerned. Consideration and care has to be taken when rotating the decommissioning 

workers and using contractors, in terms of radiological dose uptake and to which facility this 

is attributed. 

All working procedures have to have a standard format, as specified by the operator’s 

management system. They need to follow a suitable sequential presentation, to have a clear, 

concise and logical text, commands are positive statements and need to cover all relevant 

issues. To ensure consistency in format and content, the working procedures are prepared in 

accordance with a general quality assurance procedure or administrative procedure that 

governs the development, review and control of such documents, including a provision for 

internal review. Depending on Member States’ requirements and experience, the internal 

approval process for the working procedures may be different and commensurate to the safety 

risk posed by the works detailed within the procedure. 

A suite of standard working procedures covers but is not limited to; 

– dismantling and decontamination procedures; 

– commissioning procedures for new or changed SSCs; 

– radiation protection related procedures; 

– waste and material management procedures; 

– maintenance procedures, including examination, inspection, calibration and periodic 

testing; 

– alarm response procedures; and 

– emergency procedures. 

Some items may not be appropriate for small facilities and the list may be incomplete for 

more complex facilities or multi-facility sites. 

 

Verification and Validation of the working procedures 

Persons with appropriate competence and experience have to be designated to verify that the 

outputs from the final safety assessment have been correctly incorporated into the working 

procedures. Verification is best achieved by an independent review. Special consideration 

needs to be given for an appropriate check for high hazard works. 

In accordance with the graded approach, in some Member States the independent review is 

completed by individuals from within the operating organisation who are trained in audit and 
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review process. It is good practice for the independent reviewer or review team to produce a 

summary statement, which confirms that the implementation has been completed 

successfully. The review may be completed using a variety of tools and techniques, for 

example: 

– review of revised documentation, electronic databases, facility documentation; 

– examination of training records; 

– interview of operators to confirm training in the revised documentation has been 

completed; and 

– physical inspection and review of facility level signage and labelling. 

In addition, it needs to be verified that both radiological and conventional safety hazards and 

controls in the working documentation have been integrated. 

The main outcomes from the independent review of implementation are: 

– verification that the decommissioning limits and conditions are appropriate and meet 

the intent of the final safety assessments; 

– verification that implementation of the identified decommissioning limits and 

conditions have been embedded within the working procedures; and 

– confidence that the facility and its workforce are suitably prepared to begin the 

decommissioning task or decommissioning phase. 

The main benefit to be realised by completion of an independent review is to identify those 

areas or tasks, which have not been incorporated or have been incorporated incorrectly in the 

work procedures (e.g. lack of appropriate trained personnel to perform the task or an 

increased risks of abnormal events). 

The operator has the ultimate responsibility to validate and approve the working procedures, 

even when contractors are used. The responsibility for safety remains with the operator, 

mechanisms to control subcontractors appropriately have to be described and established. 

Upon completion of the internal (and where applicable the regulatory) review process, 

confirmation need to be provided to the facility (or site licence holder) that implementation is 

complete or if further implementation work is required. It is the ultimate step of the validation 

of the working procedures. 

 

6.2.3 Work Authorization  

Arrangements have to be put in place to ensure that safety related activities are adequately 

authorised and controlled, with the level dependant on the safety significance of the activity. 

The decision to authorize the start of the decommissioning actions, in accordance with the 

approved working procedures, is the responsibility of the licensee. A work authorization 

process need to be adopted that will at least ensure the following: 

– the correct procedures are applied; 

– personnel are qualified and trained according to the work procedure; 

– the work has been prepared according to the work procedures; 

– current works are not in conflict with the work foreseen in the procedure. 

In particular all persons involved in dismantling and decontamination works have to be made 

familiar with the related working procedures for the safe and effective conduct of their duties 
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according to the documented roles. Before a procedure is used the training of personnel has to 

be conducted and demonstrated. 

 

6.2.4 Work Control 

Procedures need to be maintained by the operating organization to provide an ongoing 

surveillance and audit of implementation of the results of the final safety assessment to ensure 

safety of decommissioning. 

Arrangements are needed to ensure that safety related actions are adequately controlled, and 

the level of control is dependent on the safety significance of the actions. Special attention 

needs to be given to actions (or phases) running in parallel during decommissioning, for 

which the use of common SSCs is needed (e.g. ventilation systems). 

Daily briefings are an integral part of controlling the decommissioning actions and enable the 

work controller to check the workers understanding of the scope of the actions to be 

undertaken and the relating DLCs. The undertaking of the daily post job reviews enables key 

learning to be identified and events from other projects/facilities to be discussed. 

 

6.3 UPDATE OF THE DECOMMISSIONING WORKING DOCUMENTATION 

In relation with the update of the final safety assessment (see Chapter 4), the 

decommissioning working documentation may also require updating due to, e.g. new data, 

change in activity sequencing, engineering changes, advances in technology and integration 

of experience feedback. Experience feedback can come from various sources, including the 

previous phase, work packages or other projects. Any update has to be subject to an 

appropriate internal review and approval process. 

Any update to the working procedures requires a confirmation that actions, such as use of an 

alternative dismantling tool, are within the defined DLCs, and any change to the DLCs 

requires a confirmation that the proposed actions are within the boundaries defined in the final 

safety assessment. If the actions are determined to be beyond the limits and conditions of the 

final safety assessment, those actions can not commence until both these documents have 

been revised, following the review and approval process. 
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7 REGULATORY REVIEW OF THE IMPLEMENTATION OF SAFETY 

ASSESSMENT RESULTS  

 

Within this section approaches for regulatory bodies to review the implementation of the 

results of decommissioning safety assessments during decommissioning are explained. It 

covers: 

– how to review the incorporation of the safety assessment results in the final 

decommissioning plan and its updates; and 

– how to inspect the implementation of the safety assessment results in the working 

documents, as described in chapter 6. 

Review of incorporation and implementation of safety assessments results is one of several 

regulatory activities related to decommissioning among which the review of safety 

assessments is another subject. Guidance and advice on how to review safety assessments is 

given in [9] and [17]. 

 

7.1 Review of the Incorporation of Safety Assessment Results in the Final 

Decommissioning Plan 

The goal of this section is to provide practical advice (for the Regulatory Body) on the review 

of how the operator incorporates the results of the safety assessment (i.e. overarching safety 

assessment, final safety assessment) in the final decommissioning plan, which might include 

audits to support the review process. These incorporations have to be done for any phase of a 

decommissioning project. 

In planning for the review of the incorporation of the results of the safety assessment (SA), 

the Regulatory Body needs to first perform a document review of the operator’s radiation 

safety, occupational and public dose reduction and environmental monitoring programmes, as 

well as the documentation submitted by the operator to support these programmes by 

maintenance of SSCs. 

The intended review is focused on the determination of whether the SA results have been 

appropriately implemented and if they are achieving the expected results. More guidance on 

the areas in which the regulatory bodies may be interested can be found in para 5.5 in [9]. 

The SA has to align with the overall decommissioning plan and its structure needs to reflect 

the work plan structure. The SA may have structure, which follows decommissioning phases, 

to reflect the phasing of the work. If so, then the SA may be expected to identify hold points 

for further submissions to the Regulatory Body or for further permits from the Regulatory 

Body before the next phase can begin. 

In planning the review, the Regulatory Body needs to address the following aspects, in order 

to decide on the need and extent of a review of the incorporation of the SA results: 

(a) Determine if a review is warranted 

Use of a graded approach would suggest that the Regulatory Body does not need to 

review in detail every submission that it receives. If there is a system of categorisation 

in place, a submission needs to indicate its category. Categorisation might be on risk-

based criteria, or it may simply be on consequence-based criteria during 

decommissioning. The Regulatory Body could then determine the level of analysis 

necessary in the review of the submission. 
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For highest risk activities, a detailed review may be mandatory. For medium-risk 

activities, a detailed review may be at the discretion of the Regulatory Body. In this 

circumstance, the decision would be determined by such factors as: 

– Is the submission in any way novel, that is, are there any new or never reviewed 

engineering techniques or safety justifications used? 

– Does the Regulatory Body have confidence in the ability of the operator to 

implement the results of the safety assessment, without any regulatory review? 

– What previous reviews associated with the submission has the Regulatory Body 

made in the past? 

For submissions for the lowest-risk activities, the Regulatory Body need not review 

every submission in detail, and any review will be determined by factors such as: 

– a need to sample a percentage of the submissions received to ensure appropriate 

quality and build confidence in the ability of the operator; 

– whether this submission is part of a series of submissions; and 

– other priorities for the Regulatory Body. 

More guidance on the areas in which the regulatory bodies may be interested can be 

found in para 5.6 in [9]. 

(b) Identify the objective of the review 

This decision is linked to the decision discussed in (a) and is related to the reasons 

why a review has been decided upon. Objectives of the review are: 

– To check that the results of the SA have been correctly incorporated and are 

achieving their objectives (that is - safe decommissioning); 

– To identify hold points for inspections or further reviews by the Regulatory 

Body. 

(c) Identify the SA results to be incorporated 

The SA needs to set out its criteria and demonstrate how they are to be met. In 

particular, it needs to show how safety in decommissioning can be achieved and what 

limits and conditions will be necessary, along with safety measures to ensure that 

limits and conditions are complied with. 

As the incorporation of safety assessment results serves to ensure compliance with 

regulatory requirements, relevant safety criteria may also have to be identified and 

typically may include: dose uptake limits for workers, limits on radioactive discharges 

from liquid or aerial releases, radiation dose limits to the critical group, 

concentrations of chemo-toxic substances, etc. 

Evidence of the incorporation of the results can be the development of engineering 

control maintenance schedules and records of tests, etc. In addition, the control 

measures developed from the SA are expected to result in tangible evidence that they 

are working as expected in the SA. This may be evidenced by a dose reduction, 

reduction in waste volumes, or a reduction in effluents released. 

(d) Establish the schedule/plan for the review 
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In establishing a schedule to review the incorporation of the SA, the Regulatory Body 

needs to balance his internal resources and demands with the needs of the operator 

and their schedule and costs. 

In drawing up a schedule for the review, the Regulatory Body needs to identify all the 

resources necessary and ensure that these resources will be made available in a timely 

manner. The plan needs to include both a review of the incorporation of the SA 

results and whether they are achieving the expected results. 

The timing of the review needs to be such that the results can be used to stop or 

modify ongoing decommissioning actions in a timely manner if necessary and for 

multiphase projects, where the same activities are used in subsequent phases. 

(e) Identify technical support needs and who will provide them 

Some regulatory bodies will have these specialized resources “in-house”, while others 

may use external specialists. These external specialists may belong to a dedicated 

technical support organisation, or they may be contracted for a specific task. The key 

regulatory requirement here is for technical support to be carried out by competent 

persons who are independent of the production of the SA by the operator. For 

continuity, when possible, the same personnel that did the review of the SA would 

provide this support for reviewing the implementation of the results of the SA. 

The Regulatory Body has to ensure that the expertise is available, either in-house or 

by a contractor, for doing the review. In addition, in deciding upon the support 

resources needed, the Regulatory Body has to ensure that the individuals selected 

have the competency in the technical areas being reviewed. In addition, experiences 

gained from the decommissioning of other facilities needs to be considered in the 

review. 

(f)  Identify key safety-related and implementation activity issues to be reviewed (Scoping 

review) 

The Regulatory Body needs to: 

– identify safety critical issues/activities and the operating programmes and 

procedures that relate to them; 

– identify measures the operator has put in place to ensure that Safety Assessment 

results are incorporated (implemented by means of operating programs and 

procedures); 

– identify the engineering and equipment used to meet the results; and 

– identify the limits and conditions used to achieve the results. 

(g) Process the outcome of the review 

The outcome has to be related to the objectives set out in (b) above. The regulatory 

body has to be able to say either that their objectives in the review have been met, or 

that the information supplied by the operator in the SA does not allow these 

objectives to be met. If the Regulatory Body concludes that the information supplied 

by the operator is incomplete, or that the results of the SA have not been incorporated 

in the final decommissioning plan, it has to discuss the issue in detail with the 

operator. 
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(h) If necessary and appropriate, clarify questions with the operator 

Different regulatory bodies have different protocols about how they clarify questions 

with the operator. Ideally, simple questions about clarification can be resolved 

informally. Any points of substance where the Regulatory Body feels that the SA 

results are inadequately or incompletely incorporated has to be formally put to the 

operator. 

(i)  Determine if audits are necessary 

SA incorporation audits are typically announced to allow the operator time to gather 

the documentation necessary to demonstrate that they have adequately incorporated 

the SA results and that the limits and controls will achieve their desired results. The 

Regulatory Body needs to inform the operator about the audit regime to be applied. 

In case of any changes to existing SA or final decommissioning plan, the Regulatory 

Body will initiate a similar review process, which has to be commensurate with the 

level of changes. The following key issues may be considered and discussed: 

– how the changes will affect existing working documents, which may inform 

inspections activities; and 

– how the changes will affect the time schedule and the end-state of the 

decommissioning project. 

 

7.2 Inspection of the implementation of safety assessment results in working 

documents  

The Regulatory Body has to review the implementation of the safety assessment results in 

working documents, as decommissioning operations are implemented. This needs to be 

supplemented, among other things, by regular inspections, with the two following 

fundamental objectives: 

(a) To determine if the safety assessment results are adequately implemented, as outlined 

in the safety assessment, that is to say: 

– that they are adequately described in on-site documents, from top level document 

to working procedures; 

– that operator documents are adequately implemented, maintained and reflect the 

status of decommissioning; and 

– that the operations are performed by qualified personnel, in accordance with the 

working procedures. 

(b) To determine if the results of safety assessment, when correctly implemented, achieve 

their objectives (safe decommissioning). 

In addition, the results of inspections can be used by the operator to better inform the 

development of future decommissioning works. 

These inspection activities need to be conducted by the Regulatory Body, or by 

representatives appointed by the Regulatory Body (provided this is permitted by relevant 

national legislation). External technical support organizations may be used by the Regulatory 

Body, however, the Regulatory Body has the ultimate responsibility for the inspection. 

Fig. 13 provides an example of an inspection process. 
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FIG. 13. Example of a workflow for inspection 

 

7.2.1 Types of inspections 

The Regulatory Body may conduct two types of inspections of the implementation of the 

results of SA, namely planned inspections and inspections to evaluate changes to the SA. 

Inspections may be conducted by individuals or teams and may be announced or 

unannounced, as part of a general programme or with specific aims. 
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Planned inspections of the implementation of the results of the SA are carried out with a 

structured and largely prearranged or ‘baseline’ inspection programme developed by the 

Regulatory Body. They may be linked to operator schedules for the performance or 

completion of certain activities. According to para. 3.13 of [40] “The main advantage of 

announced inspections is that the regulatory inspector is able to discuss plans and needs with 

the operator’s personnel in advance in order to secure assurances that documentation will be 

available for inspection, personnel will be available for interview and activities can be 

inspected as scheduled. Hence, the announcement of inspections may enhance their 

effectiveness.”. 

Inspections of changes to the SA are usually initiated by the Regulatory Body in response to 

an unexpected, unplanned or unusual event in order to assess its significance and implications 

and the adequacy of corrective actions. According to para. 3.13 in [40] “The advantage of 

unannounced inspections is that the actual state of the facility and the way in which it is being 

operated can be observed. Inspections may be carried out at any time of the day or night so 

as to provide a more complete picture of the situation at the facility.”. 

In the case of inspections performed to check that the safety assessment results are described 

adequately (“desktop review”), announced inspections may be more convenient, as they may 

require consulting a large number of documents. Unannounced inspections may be more 

appropriate for the physical review (check on-site that a specific work package is done safely 

and accordingly to the safety assessment results). 

 

7.2.2 Selection of inspection areas 

Items that the Regulatory Body may want to include in an inspection regime have to at least 

be based on the results of the reviews performed by the regulator, including the review of 

incorporation of SA results in the final decommissioning plan. Typical items are: 

– decontamination and dismantling works; 

– radiation protection; 

– decommissioning works involving higher risks: fire hazard, management of 

combustible, flammable, toxic and otherwise hazardous materials, electrical and 

physical hazards (demolition works, construction and use of temporary facilities, e.g. 

collapse of structures, falling of heavy objects…);  

– assessment and management of changes and modifications to the facility design; 

– decommissioning organization including documented safety management 

arrangements. 

Inspections of the implementation of SA results need to be concentrated on: 

– procedures and schedules for maintenance and testing of SSCs and of safety significant 

instrumentation and equipment; 

– procedures for implementation of the SA results, such as schedules of alarms in 

response to complying with established limits and conditions; 

– identification of operating and maintenance instructions; 

– quality assurance records; 

– test results and data; 
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– operational and maintenance records; 

– records of deficiencies and incidents; 

– modification records including modifications to management and operating procedures; 

– training records; 

– radiological safety/protection records; 

– waste management records; 

– worker qualification/capability; 

– the physical condition of the facility, especially surveillance of the integrity and/or the 

availability of relevant SSCs, including protective barriers, and the appropriateness of 

the procedures at each stage of decommissioning; 

– environmental monitoring, radiological monitoring and surveillance, including plans 

for radiation protection for workers and the public;  

– the adequacy and maintenance of instrumentation and control systems for long term 

safety. 

Previous inspections reports need to be checked, as findings from these inspections may 

influence or help to determine the areas of the planned inspection. In addition, documentation 

submitted by the operator to support their radiological safety/protection and environmental 

monitoring programs also needs to be reviewed. Records of incidents and events are to be 

reviewed as they may indicate downward trends in safety. 

The selection of inspection areas needs to be used to determine what, if any, external 

technical specialists will be required and who will provide it (i.e. which technical support 

organization). 

 

7.2.3 Preparation and organization of the inspection 

The Regulatory Body needs to plan inspections in accordance with the decommissioning 

schedule and to give sufficient flexibility to the inspection programme, as changes in the 

decommissioning operation schedule may be frequent. 

Once the inspection areas have been selected, the inspection team prepares for and organizes 

the inspection. The internal process of preparation will aim at preparing an inspection plan. 

Prior to developing the plan the inspection lead is checking: 

(a) if previous inspections of the same areas were performed in the past, and if the 

associated inspection reports are available (in the case that it has not been done 

previously, i.e. during the selection of inspection areas); 

(b) if (internal) guidelines dealing with the selected areas of the inspection are available. 

The next step is to develop the inspection plan. Different methods may be used in establishing 

or modifying an inspection plan, with associated priorities, to achieve the objectives of 

regulatory inspections. According to [40] “the inspection team should consider the following: 

performance indicator programmes or any other systematic method for the assessment of the 

operator’s performance (periodic reports…), operational experience and lessons learned 

from the facility or similar ones…”. 
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When reviewing the implementation of the results of the safety assessment, the starting point 

when defining the inspection plan needs to be the safety assessment performed by the 

operator and its results, as well as the results of the regulatory review that was performed. 

With respect to this consideration, the preparation process will identify, within the scope of 

the inspection areas: 

1. Key safety-related actions to be inspected: 

One or more key safety-related actions that are being implemented may be selected 

for inspection, depending on their complexity, the allocated time for the inspection, 

and the schedule of decommissioning works. 

2. The expected safety assessments results supporting these selected safety-related 

actions (and related safety criteria): 

The expected outcomes of the implementation of the results of the SA are found in 

the SA and need to be reviewed as part of the inspection plan preparation. 

The safety control measures related to the selected activities have to be identified, as they will 

be the core of what will be inspected. Relevant data are to be found in the safety 

documentation, such as the operational limits and conditions and in the operator’s 

management procedures and quality assurance programme. 

Relevant safety criteria may also have to be identified and may typically include: dose uptake 

limits for workers, limits on radioactive discharges from liquid or aerial releases, radiation 

dose limits to the critical group and concentrations of chemo-toxic substances, etc. 

Preparation may also include a review of the following documents relating to the inspection 

areas and key safety-related activities to be inspected: past operating experience, previous 

enforcement actions, past correspondence between the Regulatory Body and the operator, etc. 

For each safety related work, the inspection team will set up a list of control measures 

(engineered or procedural) and safety criteria, the results of the SA associated with the control 

measure and their expected outcome, that will be checked during the inspection. 

Depending on the previous steps (selected decommissioning works, associated control 

measures, etc.), the inspection team needs to decide if the inspection will be a documentation 

review, a physical review or both. 

The physical reviews are essential during the execution phase of decommissioning. They 

allow checking of the implementation process. Moreover, many items may only be seen “in 

the field”, such as: 

– Some work documents (work procedures, verification forms, test reports…); and 

– Control measure (safety-related data and parameters). 

At the end of the preparation phase, the inspection team will determine: the interactions that 

are necessary with the operator or contractors to perform the inspection; documentation that 

needs to be transmitted before the inspection or prepared for the day of inspection, and people 

who need to be interviewed during the inspection (depending on the selected areas). 

 

7.2.4 Conduct of the inspection 

Desktop review 

Most desktop reviews are performed at the operator’s facility. However, some Member States 

request certain documents prior to the site inspection to improve the efficiency of the time 
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spent on-site. According to the inspection plan, the inspection team reviews all relevant 

procedures, work procedures, records and documentation associated with the implementation 

of the results of the SA. The desktop review needs to gather evidence that: 

– the safety assessment results are adequately described in all documents; and 

– the “decommissioning data” (test results, operational records, etc.) comply with the 

limits and conditions and all relevant safety criteria. 

Documentation examined by inspectors may also include (para. 4.23 in [40]): 

– “procedures and schedules for maintenance and testing; 

– quality assurance records; 

– test results and data; 

– operational and maintenance records; 

– records of deficiencies and incidents; 

– modification records including modifications to management and operating 

– procedures; 

– training records; 

– radiological safety records.” 

In a more general way, the desktop review may also allow checking the process implemented 

by the operator to derive the safety assessments results. 

For inspections of changes to the SA, the desktop review needs to focus on the SSCs, 

procedures, etc., associated with the change, the impact that the change has had on other 

SSCs, procedures, the operator’s procedures for evaluating and implementing the change, and 

the impact of the change to other decommissioning works. 

 

Physical review 

An important point is that physical review allows the Regulatory Body to hold discussions 

and interviews with operators (which need to include subcontractors), who implement the 

safety assessment results to achieve a safe decommissioning. According to para. 4.20 in [40] 

“… inspectors should, as appropriate, communicate directly with the operator’s personnel 

responsible for supervising and performing the activities and tests being inspected.”.  

The radiation work documentation (e.g. Radiation Work Permits, Standard Operating 

Procedures etc.) that is only available in the facility work areas needs to be examined during 

this part of the inspection, as well as safety-related data and parameters. Interviews with 

operators and supervisors will focus on checking that the personnel understand what results 

are required from the SA, and how it is to be implemented (knowledge of work procedures 

and other relevant documentation), and what to do if something unexpected happens 

(emergency procedures). 

In general, the physical review has to determine the consistency between the safety 

assessment results and their “on-site” implementation. The number of implemented results 

may be large, depending on the selected areas and the safety-related works to be inspected. 

 

7.2.5 Inspection findings and reports 
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Findings of the inspection 

During the inspection, the inspection team compares the results from the inspection against 

the expected safety assessment outcomes and results. 

If it is determined that immediate actions by the operator are necessary to maintain (or come 

back to) safe conditions and protect the health of workers and/or the public, the Regulatory 

Body has to shift its focus from an inspection of the implementation of SA results towards an 

inspection of compliance with the regulations. 

A good identified practice in many Member States is to organize, at the end of the inspection, 

a closing/debriefing meeting between the inspection team and the personnel from the operator 

involved during the inspection. This meeting may be preceded by a meeting of the inspection 

team to allow the inspectors to discuss the findings of the inspection and draw the main 

conclusions or points of special attention that will be highlighted during the debriefing 

meeting. 

The main objectives of the debriefing meeting are: 

– to provide the operator with the main findings of the inspection; and 

– to explain what will be the main consequences of the inspection (corrective actions to 

be taken, additional information that they will need to supply etc.). 

A few days after the inspection, in accordance with national practices, relevant inspection 

conclusions need to be forwarded to the operator for necessary corrective action or further 

discussions on specific topics. 

 

Inspection reports 

A report of each inspection has to be prepared by the inspector and/or the inspection team that 

performed the inspection. The report is reviewed and approved according to established 

internal Regulatory Body procedures. 

 

7.3 Periodic Safety Reviews 

IAEA Safety Standards General Safety Requirement GSR Part 4 “Safety Assessment for 

Facilities and Activities” [41] discusses the requirement to perform a periodic review of 

safety assessments with the intent of ensuring that the safety measures in place remain 

adequate. It also discusses performing reviews when any of the following occurs: 

(a) any changes that may significantly affect the safety of the facility or activity; 

(b) significant developments in knowledge and understanding (such as developments 

arising from research or operating experience); 

(c) emerging safety issues due to a regulatory concern or a significant incident; and 

(d) safety significant modifications to the computer codes or changes in the input data 

used in the safety analysis. 

During decommissioning a final safety assessment (FSA) is developed and reviewed to 

support the final decommissioning plan. In addition, when new procedures or practices are 

introduced, the FSA is updated and a review is performed to support the change. The review 
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of the implementation of the results of the FSA is discussed in Section 7.1, review of changes 

is discussed in 7.2 and inspections are discussed in Section 7.3. 

Because of the dynamic nature of a decommissioning project, that decommissioning works 

may only be done once during the project, and the project itself (or the phase of the project) 

may be of limited duration, a periodic review is typically not necessary. As discussed in 

Section 7.2, if either planned or unplanned changes are made to the decommissioning, it 

would be expected that the decommissioning plan and supporting safety assessment would be 

revised by the operator and reviewed by the regulatory body, and thus the intent of the 

requirement to perform a periodic safety review, based on (a)-(d) above, is satisfied. 
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8. OVERVIEW ON THE TEST CASES 

 

Following is a summary of the four test cases developed during the FaSa project to test and 

illustrate the applicability of the methodology developed. A detailed description on the four 

test cases can be obtained from four annexes, which are complementing the main volume of 

this publication. The Annexes are available in electronic format; for download details please 

refer to the IAEA home page. 

 

8.1 Nuclear Power Plant Test Case 

 

8.1.1 Brief description of the test case facility 

The Nuclear Power Plant (NPP) subject to the test case is a pressurised water reactor of Soviet 

WWER-2 type of first generation. The thermal power rating is 265 MW. The heat generated 

in the reactor is transferred in three loops to the 9 steam generators. The saturated steam from 

the steam generators is transferred to the 70 MW turbine set in the secondary circuit, where 

the heat is transferred into electrical energy, which is coupled to the power grid via a bank of 

transformers. The steam leaving the turbine is condensed in the turbine condenser and is sent 

again as feedwater to the steam generators. The turbine condenser is cooled with lake water. 

The major buildings and processes are the reactor building, the Special Water Treatment 

Plant, the clean wastewater storage plant, the dirty wastewater storage building, the 

ventilation building including the stack, the turbine hall and the cooling water plant. There are 

a number of further buildings like the building for the fire brigade, office building, drinking 

water supply and others. 

The NPP test case covers immediate dismantling of the whole NPP up to the point of the 

release of the site for unrestricted use thus without any further radiological control or other 

restriction. 

 

8.1.2 Fulfilment of the objectives of the test case 

Objectives 

The objectives of the NPP test case are: 

– to illustrate the application of the safety assessment methodology and to give 

confidence that the DeSa assessment methodology can be used to prepare a safety 

assessment that shows that the activities described can be conducted safely; 

– to illustrate the application of phased approach and its benefits within a large 

decommissioning programme; 

– to illustrate the benefits of the application of the graded approach; and 

– to provide practical advices on the evolution and use of safety assessment to be fed 

back to the Decommissioning Planning and Decommissioning Conduct working 

groups. 

Due to the complexity and size of the NPP the test case focuses on certain parts of the 

decommissioning project that have been carefully selected to reach the objectives mentioned. 

In detail, the test case addresses: 

– the overarching safety assessment, developed in support of the Decommissioning Plan; 

and 
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– final safety assessments, developed in support of Decommissioning Conduct for three 

specific phases, i.e. 

– final safety assessment for the removal of steam generators; 

– final safety assessment for the direct dismantling of the reactor pressure vessel; 

and 

– final safety assessment for the removal of the reactor pressure vessel in one 

piece; and 

– final safety assessment for the end state. 

 

Fulfilment 

The NPP test case documentation in the Annex 1 follows the structure set out in the DeSa 

safety assessment methodology [DeSa] showing that the NPP test case safety assessment 

demonstrates that the decommissioning of the whole NPP does not impose unacceptable 

hazards (e.g. leading to effective doses in excess of relevant constraints, criteria and limits) or 

undue burdens on future generations. It is demonstrated how, through the application of the 

graded approach, the efforts applied for performing safety assessments have been minimized 

through the investigation only of those bounding assumptions with most severe consequences. 

It is shown that it has been possible to dismiss some initiating events very early in the process 

of hazard identification. Although the evaluation of the public dose is based on conservative 

assumption it is shown that the public dose is far below the criterion by many orders of 

magnitude, without need for use of computer codes or more detailed analyses.  

The NPP test case highlights an important aspect that is related to the interrelationship 

between the overarching safety assessment and the detailed safety assessments (developed in 

support of each phase). It is evident that while the overarching safety assessment relies in a 

conservative estimation of the major risk, possibly arising during the whole decommissioning 

process, the detailed safety assessment depicts more accurately the risk associated with each 

phase. However, the risks analysed during each phase are bounded by those analysed in the 

overarching safety assessment. Therefore the development of the overarching safety 

assessment takes great benefit from the background experience of the analysts, who has to be 

capable of properly identifying bounding scenarios based on preliminary knowledge of the 

future decommissioning activities. 

During conduct of the test case it has been quantitatively demonstrated how the 

implementation of the identified control measures and administrative measures contribute to 

reducing consequences and risk to workers and the public to acceptable levels. This has been 

done using a deterministic approach to the safety assessment. The results are illustrated in the 

assessment in terms of dose to both workers and the public, both for normal activities and for 

accident conditions taking into account proper mitigation. 

In addition, making use of existing results by referring a safety assessment to those already 

analysed completed allows a reduction in effort. As an example, the doses for the general 

public from releases resulting from accidents need not be re-calculated each time a safety 

assessment is made, but the calculated activity quantities can be compared to results of 

previous dose calculations.  

Finally, the NPP test case highlights the importance of consideration of non-radiological 

hazards in the development of a decommissioning plan and authorisation of decommissioning 

activities. 
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Summarizing, the test case demonstrates the following: 

– the DeSa methodology is applicable for the development of safety assessments in 

support of Decommissioning Plan as well as Decommissioning Conduct for a large and 

complex NPP such as the NPP selected for the test case. In fact, even though the 

decommissioning plan for NPP was developed in 1993, thus several years in advance 

of the formal issue of the DeSa methodology by IAEA, the used approach to 

demonstrate safety is comparable to the DeSa methodology; 

– the FaSa methodology can be effectively applied to NPPs at various phases of the 

project to identify structures, systems and components relevant for safety. The test case 

shows how safety measures are implemented into the DLCs to comply with regulatory 

requirements. 

 

8.1.3 The FaSa approach 

In Table 2 it is shown to what extent the test case safety analyses are consistent with key 

aspects of the FaSa approach. 

 

8.1.4 The process of elaborating the test case 

Some simple but powerful facts emerge from the choice of the NPP for use in this test case. 

The host country has a mature regulatory and legal environment, with substantial powers 

delegated to regulatory bodies. The facility relies upon the national system for disposal of 

radioactive waste. The waste acceptance criteria for disposal and clearance levels for diverse 

clearance options are established and used as planning parameters within the FaSa Test Case. 

Waste treatment processes and waste disposal containers are known. The facility represents a 

type that has been used in many countries and can also be regarded to be sufficiently generic 

for light-water reactors in general. 

The test case was carried out on the basis of a large amount of material translated from the 

national language to English and which was partially part of the application documentation 

and documentation in support of the supervision process, but which was also complied 

specifically to meet the test case needs.  

 

8.2 Complex Research Reactor Test Case 

 

8.2.1 Brief description of the test case facility 

The object of this test case was a 35 MWth research reactor of the pool type situated at a 

former nuclear research centre. Founded in 1956, the research centre started as a civil nuclear 

research centre. The centre is now the primary research centre of the region in new energy 

technologies, nanotechnologies and biotechnologies. The centre has 4 200 employees, 115 

laboratories, 10 000 m² of white room on 63 hectares of terrain. 

The research centre is part of a “science park” which comprises other public and private 

companies with a total of approximately 10 000 employees. The science park is located on the 

peninsula formed by the confluence of two rivers. The distance between the science park and 

the centre of the city is around 2 km. The population of the city and surrounding communities 

is approximately 500,000. 
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The research reactor was in operation from 1963 to 1997 and used for the following purposes:  

– fundamental research of crystalline structures, by means of neutron diffraction; 

– scientific support to the nuclear industry;  

– studies of the behaviour of structures and fuel under neutron irradiation; 

– production of radionuclides for the medical industry; 

– production of doped silicon for the electronics industry.  

The experiments were carried out either in the reactor pool or outside the pool, in shielded 

compartments.  

The research reactor comprises the reactor hall, a technical building, an office building, a 

research laboratory and auxiliary buildings (secondary cooling system auxiliaries, gaseous 

and liquid effluent installations, air compressors and electrical installations). 

In reality, decommissioning of the research reactor was completed during conduct of the FaSa 

project. In the test case the original safety analysis for decommissioning of the research 

reactor was used in a slightly modified form and adapted to the DeSa approach. 

 

8.2.2. Fulfilment of the objectives of the test case 

Objectives 

The objectives of the test case are the following:  

– to illustrate the applicability of the “DeSa methodology” to the safety analysis for a 

complex research reactor (in comparison to the simple research reactor that was the 

object of a similar test case in the DeSa project itself); 

– to show the evolution of the top level safety document, through the change of final end 

state during the conduct of the project; in this test case it is presumed that the end state 

changes from complete clearance of the building to a state of re-use as a classified 

facility. 

– to show the evolution of the low level safety document, through the change of input 

data during the conduct of a particular phase of the project (here by new data related to 

the removal of a liner). 

 

Fulfilment 

The test case is documented in the Annex 2. With respect to the objectives the research 

reactor test case activities resulted in the following conclusions: 

– Applicability of the “DeSa methodology” 
 

It can be concluded that the DeSa approach can be used; the existing safety analysis for 

the test case reactor fits to a large extent easily into the structure for safety analyses set 

out by the DeSa methodology, but not necessarily exactly at all points.  

For example, no use was made of the hazard checklist. Thus it is difficult to say that all 

hazards have been addressed, but there is no reason to believe that anything important 

was left out. Furthermore, the chapter, “Preliminary hazard screening”, in Annex 2 

mainly deals with calculating radionuclide concentrations, since no formal hazard 

screening in the “DeSa sense” had been carried out in the actual case.  

One issue that is underlined in DeSa methodology is the use of a graded approach. 
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Such an approach had been applied in the actual project, without directly calling it so. 

Examples of procedures comparable with a graded approach can be found through the 

whole process of the safety assessment. 

– Evolution of the top level safety document due to a change of final end state 
 

The assumed change of the end state might have had consequences on parts of the 

initial safety assessment, the assessment of the long term risks for workers in the 

remaining building and the scope of the work. The DeSa methodology provides enough 

flexibility in this case; particularly such a change does not affect the identification and 

screening of the hazards. But, adequate procedures have to be implemented for the long 

term record keeping after completion of decommissioning in this assumed case where 

residual contamination is supposed to remain in underground structures and related 

soil. 

– Evolution of a low level safety document due to a change of input data 
 

The procedure for comparing options for the liner removal on the basis of dose rates as 

well as other qualitative indicators turns out to be suitable to identify applicable 

procedures. This is commensurate with the DeSa methodology (revision of analysis and 

modification of safety measures, if necessary). 

The example confirms that in reality decommissioning deals with unknown 

circumstances and “surprises”. Initial characterization does not always cover 

everything and additional characterization will be necessary during decommissioning 

work. 

 

Summarizing, the contents of the original safety analysis documents was successfully 

described in the framework of the DeSa approach. The test case shows to the participants that 

the approach to decommissioning and the relevant regulatory structure is different in different 

countries. Since one purpose of this test case was to produce a generic example, this fact at 

times made the descriptions of the regulatory aspects challenging. 

 

8.2.3 The FaSa approach 

In Table 2 it is shown to what extent the test case safety analyses are consistent with key 

aspects of the FaSa approach. As can be seen, there is a high degree of consistency. Since no 

particular attempt has been made from the outset of the research reactor test case to 

specifically adapt to the “FaSa approach” the consistency demonstrated can be taken as an 

indication of the FaSa approach being sound and a suitable framework for the safety analysis 

process for a real decommissioning project. 

 

8.2.4 The process of elaborating the test case 

The test case was carried out on the basis of a large amount of material translated from the 

national language to English. Of course there was a limit to how much could be translated. 

Therefore, although the amount of material was considerable there were some areas that were 

not covered in detail in the translated material and consequently in the documentation of the 

test case, i.e. in Annex 2. Furthermore, the translated texts in some cases contained 

misunderstandings, giving extra work to native participants in the working group to provide a 

better translation. 
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8.3 Fuel Fabrication Facility Test Case 

 

8.3.1 Brief description of the test case facility 

The fuel fabrication facility (FFF) primarily comprised a process line. The potential for spread 

of radiological contamination presented by the facility progressively decreased as fuel 

manufacture was completed. At the beginning of the process line the glove boxes were highly 

contaminated (loose MOX (Mixed Oxide) powders). These levels decreased as the material 

proceeded through the process and it was formed into fuel pellets and placed into fabricated 

fuel pins. 

The facility consisted of five key areas which are the fuel line cubicles, the pellet load area 

and vibro-compaction suite, the active canning line, the final assembly & can preparation area 

and the ventilation system. These key areas are reflected by five phases. 

 

8.3.2 Fulfilment of the objectives of the test case  

Objectives 

The overall objective of the test case is to provide an example to member states of the FaSa 

methodology regarding the use of safety assessments in support of decommissioning of 

nuclear fuel cycle facilities, in this instance a fuel fabrication facility. In detail the objectives 

are: 

– to demonstrate how a safety assessment is used to carry out optioneering, hazard 

analysis (both radiological and conventional) and the identification of the appropriate 

controls (both managerial and engineering); 

– to demonstrate the use of safety assessment in the identification and practical 

implementation of safety control measures in decommissioning; 

– to demonstrate the graded approach to safety assessment through the lifecycle of the 

facility; 

– to demonstrate how the safety assessment is implemented and incorporated into the 

working documentation; 

– to provide practical advise on demonstration that exposures to workers and public are 

as low as reasonably achievable (ALARA) and the application of the concept of 

‘defence in depth’. 

 

Fulfilment 

The test case is documented in the Annex 3. With respect to the objectives the fuel fabrication 

facility test case activities resulted in the following conclusions: 

– Planning 
 

The FFF test case pre-dates the DeSa and FaSa projects and as such is not always an 

exact match regarding terminology. Table 2 “maps” the FaSa terminology with the 

activities completed during the test case to examine if there is consistency in approach. 

It is considered that the concepts proposed by the FaSa Decommissioning Planning 

chapter regarding use of safety assessment results have been illustrated by the test case. 

It is noted that in the test case the decommissioning plan is a suite of documents, not 

just a single document, and that the overarching safety assessment related to the real 
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test case facility does not include Phase 1 – however the overarching safety assessment 

is provided before Phase 1 has commenced in reality. 

– Conduct 
 

It is considered that the concepts proposed by the FaSa Decommissioning Conduct 

chapter regarding use of safety assessment results have been illustrated by the test case. 

The safety assessments completed in support of decommissioning are updated and 

revised to become detailed safety assessments that reflected operational experience 

feedback from earlier decommissioning phases. 

– Implementation of safety assessment results 
 

The test case shows that the implementation of the safety assessments results into 

Decommissioning Limits and Conditions, Site Management System, working 

procedures for each decommissioning action, and also daily authorisation process has 

been illustrated. 

Lessons learned from the implementation phase of the real project are that in some 

areas the controls identified by the radiological and criticality assessments contradicted 

one another. This was picked up by the project review carried out by the facility 

operators. Such events can be avoided by involving operators in a cross-check of the 

safety assessment assumptions. 

Pre-Job briefs proved to increase the visibility of the limits and conditions to the 

operators. The pre-job briefs used an “active listening system” whereby the 

management team and operators used listening and feedback to check the operators’ 

level of understanding. 

– Decommissioning Termination 
 

As the achievement of the end state has been postponed in the real test case facility, 

decommissioning termination cannot be reached at end of original time frame and thus 

cannot be addressed in the scope of the FFF TC. However, at the end of Phase 4, 

important data such as radiological characterization of the facility (radiological survey, 

hot spots location) have been collected to allow and facilitate the implementation of the 

last phase when the site is ready to proceed. Accordingly, this illustrates how relevant 

data may arrive during conduct of decommissioning actions. 

 

Summarizing, the test case focusses on – but does not limit itself to – the use of safety 

assessment as described by the Decommissioning Conduct Chapter 4 and its implementation 

as described in Chapter 5 is addressed. The Annex 3 on the FFF test case provides examples 

of good practice that may be of assistance to other Member States. It needs to be noted that 

the safety assessments and supporting data presented in this test case report are provided for 

FaSa illustrative purposes only. 

 

8.3.3 The FaSa approach 

In Table 2 it is shown to what extent the test case safety analyses are consistent with key 

aspects of the FaSa approach. 

 

8.3.4 The process of elaborating the test case 

In order to best achieve the identified objective, the information included in the test case was 

selected against a number of criteria It was agreed that the information needs: 
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– to be recognizable to many Member States; 

– to be applicable to many decommissioning situations; 

– to discuss radiological fault sequences, which have the potential to result in a 

significant consequence; 

– to discuss radiological fault sequences, which have an impact on the facility “limits and 

conditions” for safety; 

– to include an example of the impact of safety assessment results and the interaction 

with facility engineered safety systems, structures and components (SSC); and 

– to include brief examples of decommissioning safety assessments, which discuss 

hazardous events which are initiated both internal and external to the facility. 

 

8.4 Mining and Mineral Processing Facility Test Case 

 

8.4.1 Brief description of the test case facility 

Different to the three test cases mentioned in section 8.1, 8.2 and 8.3 the test case related to a 

mining and mineral processing facility (MMPF) does not address aspects of safety assessment 

for one specific facility. Instead a collection of national examples and observations related to 

safety assessments of nuclear safety in mining and mineral processing facilities is used to 

provide some feedback on the applicability of the DeSa methodology and the FaSa 

methodology. 

The Mining and Mineral Processing Facility Test Case working group faced some particular 

challenges during the FaSa project, primarily due to the lack of data associated with 

decommissioning mining and mineral processing facilities, including milling facilities. A 

substantial body of information relate to the closure of parts of mine sites, such as the tailings 

dams, pit lakes and waste rock dumps. However the information available for these facilities 

almost exclusively relates to safety assessment of the end state, and in particular the safety 

assessment of long term exposures to very low levels of radiation. No information was found 

relating to safety assessment relating to the decommissioning of mill buildings and mineral 

processing facilities. 

Radiological aspects of the decommissioning of MMPF (safety assessment of personnel, the 

public and the environment) have to be considered but are not of the same scale as, for 

example, in a NPP. The difference for decommissioning uranium mining and mineral 

processing facilities compared with other nuclear facilities is that while the radiological safety 

assessment of personnel, the public and the environment has to be considered, the scope and 

impact of the decommissioning activities tend to be minimal or negligible. There is no 

neutron activation of materials to produce high level isotopes so radiation sources are well 

characterized and known. Equipment will be emptied of solutions and solids containing 

radioactive elements and flushed before decommissioning actions proceed so only low levels 

of residual radiation from contaminated materials is present and is easily quantified. 

The decommissioning actions themselves involve dismantling equipment and buildings, 

covering waste rock and tailings facilities and disposing of materials. None of these activities 

create risk to the public or the environment for either normal or abnormal conditions. The 

radiation exposures of workers involved in the activities have to be managed but are easily 

controlled due to the typical low levels of radiation. 
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A typical safety assessment for an uranium MMPF is more concerned with identifying and 

optimizing decommissioning plans for mines, waste rock piles and tailings facilities to 

minimize the post-decommissioning impact of radiological and non-radiological elements on 

the environment and the public in the long term. Even though both radiological and non-

radiological elements are analysed, often the non-radiological elements are the primary driver 

for control measures. 

The MMFP test case illustrations of the DeSa methodology as applicable to MMPFs are based 

on the information made available to the working group from a wide range of sources, from a 

number of Member States and from available IAEA documentation. A number of different 

aspects of the FaSa approach, and of the approaches generally taken to decommissioning of 

mining and mining facilities are illustrated by a number of different examples. 

 

8.4.2 Fulfilment of the objectives of the test case 

Objectives 

The objectives of the test case are  

– to demonstrate that the DeSa methodology can be applied to a mining and mineral 

processing facility; and 

– to provide feedback on the application of parts of the FaSa methodology, especially 

related to the safety assessment in support of the final decommissioning plan.  

 

Fulfilment 

The documentation on safety assessments related to MMPF in Annex 4 shows that safety is 

considered but due to the radiological inventory, limited to aspects on radiation protection of 

workers by means of operational radiological protection measures. The analysis of available 

information, especially on a detailed MMPF decommissioning project shows that the DeSa 

methodology in general can be applied but is subject to graded approach. The DeSa 

methodology is similar to a safety assessment process described in IAEA Technical Reports 

Series No. 362 – Decommissioning of Facilities for Mining and Milling of Radioactive Ores 

and Closeout of Residues; this supports the experts’ judgement on the applicability of the 

DeSa methodology.  

Although not illustrated in Annex 4, the working group is convinced that the FaSa 

methodology can also be applied in general, but that its application might be no more 

appropriate with regard to the hazards available and related radiological consequences. 

 

8.4.3 The FaSa approach 

Table 2 shows to what extent safety analyses for mining and mineral processing facilities are 

consistent with key aspects of the FaSa approach. It has to be mentioned, that the information 

presented in Table 2 is based on the experiences of the members of the working group and 

from the examples presented in Annex 4. 

It has to be mentioned also, that in general terms the methodology of DeSa and of FaSa are 

applicable, but taking into account the hazards and radiological consequences, the use of both 

methodologies requires a rigorous application of the graded approach which as a consequence 

will simplify significantly the safety assessment processes. 
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8.4.4 The process of elaborating the test case 

Please refer to section 8.4.1. 

 

8.5 Overview on Coherence With The FaSa Approach For The Test Cases 

Table 2 provides a comprehensive overview to which extent the test case safety analyses are 

consistent with key aspects of the FaSa approach. All test cases show that the FaSa 

methodology can be applied and helps to systematically develop safety assessments for 

multiphase decommissioning projects and to implement safety assessment results. As the test 

cases are based on real decommissioning projects a comparison with the related real safety 

assessment documentation was performed, showing that all the projects followed the 

methodology. This is important as it demonstrates that the FaSa methodology reflects a 

methodology originating from recent practice and as such can be regarded as practical, not 

theoretical. 

It is important to recognize that even the mining and mineral processing facilities fit into the 

approaches of DeSa and FaSa. Even these facilities follow the same concept but the extent of 

detail is completely different.  
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TABLE 2. Overview on the consistency between key aspects of the FaSa methodology and the Test 

Cases 

 

FaSa 

terminology 

Nuclear 

power plant 

test case 

Complex 

research 

reactor test 

case  

Fuel 

fabrication 

facility test 

case  

Mining and 

mineral 

processing 

facilities  

Consistency between key 

aspects of FaSa 

methodology and test 

case
*)

 

NP

P 
RR 

FF

F 

MM

PF 

D
e
c
o

m
m

is
si

o
n

in
g

 p
la

n
n

in
g
 

Initial 

Decommissi

oning Plan 

No initial 

decommissio

ning plan 

existed 

before 

decision to 

shut down 

the reactor. 

No initial 

decommissio

ning plan 

existed 

before 

decision to 

shut down 

the reactor. 

The RR TC 

uses part of 

the safety 

analysis 

from the 

operational 

phase. 

Site Life 

Time Plan & 

SCSOR 

(Safety Case 

Strategy 

Overview 

Report) 

No initial 

decommissio

ning plan. 

However, 

current 

practice in 

mining 

sector is to 

develop a 

closure plan 

prior to 

operation 

including 

financial 

provisions 

for closure. 

NA NA Y N 

Design for 

decommissi

oning 

No 

No – as 

illustrated by 

this test case  

Not 

illustrated by 

this test case  

No, but it is 

now a 

standard 

practice to 

design for 

decommissio

ning 

 

N N N N 

Decommissi

oning 

Strategy 

Immediate 

dismantling 

Immediate 

dismantling 
Immediate 

dismantling 

Closure, 

waste 

disposal on 

site, 

decommissio

ning of 

buildings 

and process 

equipment. 

 

Y Y Y NA 

Final 

Decommissi

oning Plan 

A final 

decommissio

ning plan for 

the 1st phase 

exist 

Facility 

Decommissi

oning Plan 

existed for 

the actual 

facility. 

Facility 

Decommissi

oning Plan 

Closure plan Y Y Y Y 

 

*) Y: Yes, consistent  N: No, not consistent  NA: Not applicable 
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TABLE 2. Overview on the consistency between key aspects of the FaSa methodology and the Test 

Cases (cont.) 

 

FaSa 

terminology 

Nuclear 

power plant 

test case 

Complex 

research 

reactor test 

case  

Fuel 

fabrication 

facility test 

case  

Mining and 

mineral 

processing 

facilities  

Consistency between key 

aspects of FaSa 

methodology and test 

case
*)

 

NP

P 
RR 

FF

F 

MM

PF 

D
e
c
o

m
m

is
si

o
n

in
g

 p
la

n
n

in
g
 

Application 

of  

multiphase 

approach 

Exists 

Project 

managed as 

a single 

phase. 

Yes – 

applied  

Similar to a 

phased 

approach 

(decommissi

oning of 

buildings, 

tails, waste 

rock, in situ 

leach). 

Y Y Y Y 

Concept of 

overarching 

safety 

assessment 

OSA has 

been 

developed. 

No 

Presented in 

Facility 

Decommissi

oning plan & 

generic 

safety 

assessment 

Not apply Y NA Y N 

Periodic 

review of 

the 

decommissi

oning plan 

during 

planning 

No initial 

decommissio

ning plan 

existed 

before 

decision to 

shut down 

the reactor. 

Not in the 

planning 

stage for this 

Test Case 

It is not 

illustrated by 

this Test 

Case 

Yes, the 

closure plan 

is reviewed 

every year. 

NA N N Y 

Transition  

(between 

operation & 

decommissi

oning) 

Yes to 

remove fuel 

and perform 

POCO 

Removal of 

fuel and Post 

Operational 

Clean Out 

(POCO) 

Post 

Operational 

Clean Out 

(POCO) then 

short period 

of Care & 

Maintenance 

Yes, a 

POCO 

process 

exists (clean-

up of 

buildings 

and 

equipment) 

Y Y Y Y 
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TABLE 2. Overview on the consistency between key aspects of the FaSa methodology and the Test 

Cases (cont.) 

 

D
e
c
o

m
m

is
si

o
n

in
g

 C
o

n
d

u
c
t 

Optioneerin

g 

Yes for the 

removal of 

the RPV (in 

situ cutting 

or one piece 

removal) 

Option 

selection for 

neutron 

channel 

removal, 

design 

aspects and  

simple safety 

analysis 

Option 

selection, 

design 

aspects and 

detailed SA 

Yes, wet or 

dry cover 

systems for 

the tailings 

Y Y Y Y 

Evolution of 

safety 

assessments 

Yes; several 

phases 

implemented 

No evolution 

demonstrate

d (only one 

phase) 

Iterative 

development 

of safety 

assessment 

was used for 

FFF. 

No Y NA Y N 

Initial safety 

assessment 

Yes, but with 

minor 

development 

NA 

From initial 

(scoping) 

calculations, 

to final 

safety 

assessment. 

NA Y NA Y NA 

Evolved 

safety 

assessment 

(for the next 

phase , 

phase 1+n) 

Yes, several 

versions 

have been 

issued for 

internal 

needs, but 

were not 

specified in 

the TC 

report 

NA Yes NA Y NA Y NA 

Final safety 

assessment 

Final safety 

assessments 

for each 

phase were 

made 

Final safety 

assessments 

for each 

individual 

operation 

were made. 

Final safety 

assessments 

for each 

phase were 

available 

prior to the 

phase 

specific 

decommissio

ning tasks 

commencing

Yes, 

operational 

safety 

assessment 

still valid 

and apply for 

the final SA 

Y Y Y Y 

FaSa 

terminology 

Nuclear 

power plant 

test case 

Complex 

research 

reactor test 

case  

Fuel 

fabrication 

facility test 

case  

Mining and 

mineral 

processing 

facilities 

Consistency between key 

aspects of FaSa 

methodology and test 

case
*)

 

NP

P 
RR 

FF

F 

MM

PF 
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TABLE 2. Overview on the consistency between key aspects of the FaSa methodology and the Test 

Cases (cont.) 

 

FaSa 

terminology 

Nuclear 

power plant 

test case 

Complex 

research 

reactor test 

case  

Fuel 

fabrication 

facility test 

case  

Mining and 

mineral 

processing 

facilities  

Consistency between key 

aspects of FaSa 

methodology and test 

case
*)

 

NP

P 
RR 

FF

F 

MM

PF 

D
e
c
o

m
m

is
si

o
n

in
g

 C
o

n
d

u
c
t 

Update of 

safety 

assessment 

No need for 

update 

Updates of 

the SA were 

made as 

required, e.g. 

related to the 

change of 

end state or 

change of 

data. 

Use of 

Operational 

Experience 

Feedback to 

influence 

next phase. 

Update as a 

result of the 

change in 

overall 

facility 

strategy was 

also 

illustrated. 

No, 

operational 

safety 

assessment 

still valid 

and apply for 

the final SA. 

N Y Y N 

Im
p

le
m

e
n

ta
ti

o
n

 

Limits and 

conditions 

Decommissi

oning Limits 

and 

Conditions 

specified, 

focus on 

radiological 

aspects 

Decommissi

oning Limits 

and 

Conditions 

specified 

Decommissi

oning Limits 

and 

Conditions 

specified 

Limited to 

radiological 

controls for 

the 

protection of 

workers. 

Y Y Y Y 

Managemen

t system 

Site 

Management 

System 

Site 

Management 

System  

Site 

Management 

System  

Yes Y Y Y Y 

Working 

procedures 

Working 

procedures 

from 

operation 

were updated 

when 

needed, but 

were not 

specified in 

the TC 

report 

Working 

procedures 

for each 

decommissio

ning action 

existed, but 

were not 

specified in 

the TC 

report 

Working 

procedures 

for each 

decommissio

ning action 

Yes, 

working 

procedures 

are detailed 

for 

environment

al and 

conventional 

safety 

aspects 

Y Y Y Y 
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Works 

authorisatio

n 

Yes, the 

same 

approach 

during the 

operation 

phase, but 

were not 

specified in 

the TC 

report 

Description 

of 

authorisation 

procedures, 

including 

daily 

authorisation 

process 

Simple 

illustration 

of the 

actions and 

also daily 

authorisation 

process 

Yes, 

working 

permits, 

isolation and 

tagging 

Y Y Y Y 
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TABLE 2. Overview on the consistency between key aspects of the FaSa methodology and the Test 

Cases (cont.) 

 

FaSa 

terminology 

Nuclear 

power plant 

test case 

Complex 

research 

reactor test 

case  

Fuel 

fabrication 

facility test 

case  

Mining and 

mineral 

processing 

facilities  

Consistency between key 

aspects of FaSa 

methodology and test 

case
*)

 

NP

P 
RR 

FF

F 

MM

PF 

R
e
g

u
la

to
r
y
 R

e
v
ie

w
 

Regulatory 

review of 

the 

operator’s 

written 

safety 

assessment 

results 

The process 

of getting the 

decommissio

ning 

authorisation 

from the 

regulator 

was 

described 

The process 

of getting the 

decommissio

ning 

authorisation 

from the 

regulator 

was 

described 

A graded 

approach 

was applied. 

Regulatory 

permission 

was received 

before the 

commencem

ent of works 

covered by 

the TC 

NA, but the 

closure plan 

is approved 

by RB 

Y Y Y Y 

Regulatory 

review of 

the 

implementat

ion of safety 

assessment 

results in the 

final 

decommissi

oning plan 

 

The review 

by the safety 

authority has 

been done, 

but is not 

described in 

the NPP TC 

report 

 

The review 

by the safety 

authority 

described in 

the RR TC 

report 

 

For the FFF 

TC the 

regulator 

was engaged 

in regular 

discussions 

to provide an 

update on 

decommissio

ning 

progress 

No 

information 

provided 

Y Y N NA 

Review of 

the 

implementat

ion of safety 

assessment 

results 

during 

inspections 

Yes, but not 

described in 

the NPP TC 

report 

This review 

is mentioned 

in the 

description 

of the 

facility’s QA 

system 

Due to 

regulatory 

confidence 

from past 

inspections 

of the 

facility, there 

was no 

formal 

inspection 

carried out 

as per UK’s 

graded 

approach to 

regulation 

Inspections 

are 

performed 

by the RB 

Y Y Y Y 
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TABLE 2. Overview on the consistency between key aspects of the FaSa methodology and the Test 

Cases (cont.) 

 

FaSa 

terminology 

Nuclear 

power plant 

test case 

Complex 

research 

reactor test 

case  

Fuel 

fabrication 

facility test 

case  

Mining and 

mineral 

processing 

facilities  

Consistency between key 

aspects of FaSa 

methodology and test 

case
*)

 

NP

P 
RR 

FF

F 

MM

PF 

T
e
rm

in
a

ti
o

n
 

Approaches 

to safety 

assessment 

Aspects of 

the role of 

safety 

assessment 

in the 

termination 

phase are 

described in 

the NPP TC 

report 

Aspects of 

the role of 

safety 

analysis in 

the 

termination 

phase are 

described in 

the RR TC 

report 

Termination 

is not fully 

illustrated by 

the FFF Test 

Case 

Approaches 

described, 

focus on 

long-term 

safety 

Y Y N Y 

Approaches 

for restricted 

use 

The 

implications 

of restricted 

use have 

been 

mentioned in 

the context 

of the end 

state 

The 

implications 

of restricted 

use have 

been 

mentioned in 

the context 

of the 

change of 

end state 

A restricted 

use end-state 

was defined 

(re-use of the 

building 

location for 

other 

purposes) 

Yes, 

institutional 

controls are 

implemented 

by the 

Regulatory 

Body 

Y Y Y Y 

Multi-

facility site 
NA 

Other 

reactors at 

the site had 

already been 

decommissio

ned 

Yes, due to 

changes in 

strategy the 

test case 

facility has 

deferred the 

latter 

decommissio

ning stages 

Yes, several 

mines can be 

operated on 

one site for 

sharing 

milling and 

processing 

facilities 

NA Y Y Y 

End state 

definition 

Yes, green 

field is the 

end state 

foreseen 

Both original 

and changed 

end state are 

described 

As the 

facility is 

part of a 

complex 

multi-facility 

site, the end 

state is 

restricted use 

Yes, defined 

in the 

closure plan. 

Remaining 

institutional 

controls 

Y Y Y Y 
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9 SUMMARY AND CONCLUSIONS 

The FaSa project, launched in 2008 and completed in 2011, provided many opportunities to collect, 

review, discuss and adjust existing methodologies and approaches related to safety assessment and to 

the implementation of safety assessment results in decommissioning works. In particular the FaSa 

project addressed the following areas: 

– safety assessment during planning of decommissioning; 

– safety assessment during conduct of decommissioning; 

– implementation of the results of safety assessments; 

– termination of decommissioning / of the license; and 

– aspects of regulatory review related to the safety assessments during conduct and related to the 

implementation of safety assessment results. 

The details of these are contained in the individual chapters of the main volume of this publication and 

illustrated and verifies in the four test cases, presented in the Annexes of this publication. 

 

PLANNING 

Planning of decommissioning and the approaches to be adopted are essential to success. The 

decommissioning planning has to start as early as possible and this has always to be considered for 

new facility design. The decommissioning plan needs to include enough details to provide a basis for 

assessment of safety. It has to describe the planned works and the intended decommissioning end 

state. In the case of multi-facility sites the plan has to consider the interactions with other facilities and 

to show how safety will be managed. 

The decommissioning plan is accompanied by an overarching safety assessment. The overarching 

safety assessment evolves with time and becomes more detailed as decommissioning approaches (it 

starts at a basic level and increases in detail as more information becomes available). The purpose of 

the overarching safety assessment is to develop and justify the safe execution of the decommissioning 

plan. 

Planning is an ongoing activity, which may continue during decommissioning conduct, especially if 

changes are needed or new information becomes available. 

 

CONDUCT 

Conduct is the act of doing decommissioning work. As such it has to be planned in detail and executed 

safely and in accordance with detailed safety assessment. It is also essential to understand that many 

tasks may be done in parallel and strong management is needed. 

Conduct can be split into phases and this is particularly useful for complex decommissioning projects 

or for decommissioning at a multi-facility site. 

Conduct relies on the detailed safety assessment for each phase, which will identify safety measures to 

be implemented. Contractors could be used to perform some decommissioning works during conduct. 

It is essential that safety of the works done by the contractors is adequately considered in the detailed 

safety assessment. 

 

IMPLEMENTATION 
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The implementation of safety assessment results is a process of embedding the safety functions and 

decommissioning limits and conditions (DLC) into the working level documentation (working 

procedures). This allows the dismantling and decontamination actions to be safely performed and 

managed by the operator. 

Implementation of safety assessment results (including engineered and administrative safety measures) 

into the working procedures is necessary, as decommissioning is more dynamic activity than operation 

and has the potential to temporarily involve increased risks. Thus, it is essential that the working level 

documentation correctly reflects the findings of the safety assessment. 

Implementation of safety assessment results has also to consider any additional training needs, because 

of novel works to be performed, and increased efforts for works’ preparation, control and supervision, 

especially in case of the use of contractors and works done in parallel. 

 

TERMINATION 

Termination is the final phase of decommissioning and is the demonstration that the end state has been 

achieved. It will result in the removal of the regulatory control. Termination of the authorization has to 

be supported by a safety assessment, which demonstrates that no unacceptable residual radiation risks 

exist. 

 

REGULATORY REVIEW 

As with all phases in a facility life cycle, the regulatory body has to be involved during 

decommissioning. The level of involvement and the detail required for review or inspection is 

dependent on Member State regulatory system. 

However, the process of review, audit and inspection in relation to decommissioning safety 

assessment is similar to processes applied during any other stage of a facility lifecycle. The prime 

concern of the regulatory body is that the decommissioning works can be performed safely. 

 

LESSON LEARNED 

The FaSa project revealed some key lessons learned. These are: 

– Many of the processes used in design, commissioning and operation of facilities remain the 

same for decommissioning. Therefore, existing facility processes, such as the control of 

training, maintenance, etc., can be used in decommissioning. 

– Safety in decommissioning remains the responsibility of the operator. 

– The regulatory involvement during decommissioning uses the same processes as during 

operation. 

– Planning is a continuous activity, which is of a key importance in ensuring safety of 

decommissioning. Its focus typically changes from more strategic aspects during development 

of the decommissioning plan to more detailed technical considerations during conduct. 

– A multiphase approach could be adopted depending on the complexity of decommissioning. 

There is nothing wrong with having a single phase if decommissioning is simple. 

– Review of safety aspects by the regulatory body during implementation could be event driven or 

period driven. An even driven review is generally more appropriate for the dynamic nature of 

decommissioning works, but a period driven review may also be appropriate when 
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decommissioning works are extended and no significant changes occur over a long periods, 

such as during safe enclosure. 

– FaSa project intended to develop practical advises to decommissioning safety assessment and to 

illustrate them through the test cases. The approaches identified can be applied to any facility, 

but in case of uranium mining and mineral processing facilities they seem to be “oversized”, so 

a rigorous application of the graded approach is needed, as lustrated in the test case. 
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APPENDIX I 

 

EXAMPLE ON STRUCTURE AND CONTENT OF 

DECOMMISISONING LIMITS AND CONDITIONS  

 

A typical example of the content of the decommissioning limits and conditions (DLCs) document, 

which is a controlled and approved document, may be arranged in the following manner depending on 

the quality management system:   

1. FRONT PAGE 

– Unique document reference number; 

– Issue number and date; 

– Approval signatures. 

2. INTRODUCTION 

– Scope of work; 

– Roles and responsibilities; 

– Associated document references. 

3. ADMINISTRATIVE CONTROLS 

– Unique Identification number and Description/Requirement; 

– Reference to final safety assessment (e.g. identified by a reference number); 

– Safety functions; 

– Compliance activity; 

– Implemented by (working procedure reference number); 

– Compliance record document and frequency; 

– Person responsible. 

4. STRUCTURES, SYSTEMS AND COMPONENTS 

– Unique Identification number and Description; 

– Source of final safety assessment reference number); 

– Safety functions; 

– Safety parameters and range of use; 

– Action before planned outage; 

– Action after revealed failure; 

– Allowed substitution time and allowed outage time; 

– Facility Maintenance schedule reference number. 
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