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FOREWARD 

The International Atomic Energy Agency (IAEA), in cooperation with the European Commission 
(EC), Nuclear Energy Agency to the Organisation for Economic Co-operation and Development 
(OECD/NEA), and the Word Nuclear Association (WNA), is organising an International Conference 
on Lessons Learned from the Decommissioning of Nuclear Facilities and the Safe Termination of 
Nuclear Activities from 11 to 15 December 2006 in Athens, Greece. This Conference is hosted by the 
Government of Greece through the Ministry of Foreign Affairs of the Hellenic Republic and the Greek 
Atomic Energy Commission (GAEC). 

This Book of Contributed Papers contains over one hundred technical papers and posters contributed 
by experts from operating organisations, regulatory bodies, technical support organisations, and other 
institutions on issues falling within the scope of the Conference. The presented papers and posters 
were reviewed and accepted following the guidelines established by the Conference Programme 
Committee for consideration at the Conference. The material compiled in this Book of Contributed 
Papers has not undergone rigorous editing by the editorial staff of the IAEA. However, certain 
modifications were made: a unified format was adopted for all papers; and minor corrections were 
made in the text where required. 

The IAEA wishes to express its appreciation to all authors and the Programme Committee members 
for their contributions made to the Conference. 

It is intended that, after the Conference, the contents of this Book of Contributed Papers will be 
published in form of a CD-ROM as part of the proceedings of the Conference. Authors wishing to 
make slight modifications or corrections to their paper are encouraged to contact the Conference 
Secretariat. 

The views expressed in the papers are the responsibility of the named authors. These views are not 
necessarily those of the Governments or Member States. Neither the IAEA, the sponsoring 
organisations or the Member States assume any responsibility for consequences which may arise from 
the use of information contained in this book.  
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Abstract: The number of nuclear facilities being or planned to be shutdown as they reach the end of their 
design life, due to accidents or other political and social factors has been increasing worldwide. This has led to 
an increase in the awareness of regulators and operators of the importance of development and implementation 
of adequate safety requirements and criteria for decommissioning of these facilities. A general requirement at 
international and national levels, even for new facilities to be commissioned, is the development of a 
decommissioning plan, which includes evaluation of potential radiological consequences to public and workers 
during planned and accidental decommissioning activities. Experience has been gained in the safety assessment 
of decommissioning at various sites with different complexities and hazard potentials. This experience shows 
that various approaches have been used in conducting safety assessments and that there is a need for 
harmonisation of these approaches and for transferring the good practice and lessons learned to other countries, 
in particular developing countries with limited financial and human resources. 

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

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

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

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

Project Decommissioning Plan 

Phase 0 Phase 1 Phase 2 >>Phase  N 

Overall Decommissioning Safety Assessment Report  

Phase 0 

Work package 
scope (WBS) 

Phase 1 

Work package scope 
(WBS) 

Phase 2 

Work package scope 
(WBS) 

Phase  N 

Work package 
scope (WBS) 

Phase 0 

 Safety Assessment 

Phase 1 

 Safety Assessment 

Phase 2 

 Safety Assessment 

Phase  N 

 Safety Assessment 

Limits and Conditions for Safe Working Updated through Project Phases

Figure 1. Example of a safety documentation model for a complex decommissioning project 

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

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

Figure.2. Desa project activities 

The project is currently at the second phase (see Fig. 2) where five working groups (the three Test 
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experience and lessons learned on decommissioning in over thirty Member States will provide a useful 
tool for the successful performance and regulation of decommissioning and for the release of sites 
from regulatory control consistent with international safety standards and good international practice. 
This safety report will complement the new Safety Requirements on Decommissioning of Facilities 
Using Radioactive Material (WS-R-5) [2], the supporting Safety Guides WS-G-2.1. [3], WS-G-2.2. [4] 
and WS-G-2.4 [5], as well as the new Safety Guide on Safety Assessment for Decommissioning of 
Facilities Using Radioactive Material (DS376) [6] currently in preparation. 

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

� Common approach to safety assessment 

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

� Assessment framework; 

� Description of the facilities and decommissioning activities; 

� Hazard analysis; 

� Functional classification and engineering analysis 

� Evaluation of consequences;  

� Evaluation of compliance with criteria. 

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

� Consideration of Radiological and Industrial Hazards 

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

Figure 3. The safety assessment approach 
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Figure. 4 Identification and integration of radiological and non-radiological hazards 

� Approaches to safety assessment 

The review of practices within Member States and lessons learned in development of safety 
assessments for decommissioning for different types of facilities has shown that a deterministic 
approach to safety assessment is normally the most appropriate for decommissioning, as the breaching 
of controls and barriers during invasive work is most appropriately addressed by the identification of 
other barriers and controls to compensate for their loss. A risk based methodology is use to less extent, 
although it may have application in some accident scenarios and also where demonstration of 
compliance with risk criteria is required. 

� Phased Safety Assessment 

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

� Review of safety assessment 

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

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

� Application of the graded approach  

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

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

� Application of the defence in depth concept 

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

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

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

It is envisaged that consolidation of the knowledge, experience and lessons learned on 
decommissioning in over thirty Member States in the final DeSa Reports will assist the safe planning 
and implementation of decommissioning, as well as the effective regulation of decommissioning up to 
release of sites from regulatory control consistent with international safety standards and good 
international practice. 
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Abstract. As the number of facilities undergoing decommissioning world-wide increases, the 
challenges associated with the conduct and regulation of decommissioning become more apparent. This is 
particularly the case in smaller countries, where there may be no internal experience to draw upon other than the 
experience gained during operation. In recognition of the need to share experience and to improve the guidance 
available to organizations and countries undertaking decommissioning projects, the IAEA is coordinating the  
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1. Introduction 
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for the safe decommissioning of nuclear facilities and activities. In light of the fact that many nuclear 
facilities around the world, including nuclear power plants, research reactors, nuclear fuel cycle 
facilities, research laboratories and industrial facilities, will be decommissioned in the next several 
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The safety of decommissioning has been the subject of discussions at various international fora, such 
as the International Atomic Energy (IAEA) Conference on Safe Decommissioning for Nuclear 
Activities in Berlin (14-18 October 2002) [6] and the OECD/NEA International Seminars on 
Decommissioning in Taragona, Spain (2-4 September 2003) [7] and Rome, Italy (6-10 September 
2004). In its June 2004 meeting the IAEA Board of Governors approved an Agency Action Plan on 
Decommissioning of Nuclear Facilities [8] [9] which encourages the IAEA to develop an 
internationally agreed approach to safety assessment of decommissioning and also to develop 
information for regulators and operators on the preparation and contents of the detailed safety 
assessment which should be developed in association with the decommissioning plan for each facility 
being decommissioned. The first review meeting of the Joint Convention on the Safety of Spent Fuel 
Management and on the Safety of Radioactive Waste Management [10] also highlighted the 
importance of safety of decommissioning. 

The proposed consolidated IAEA draft safety principles [11] require the application of graded 
approach to regulatory review and recommend that“regulatory actions must be commensurate with the 
magnitude of the risks associated with them”, including the risks associated with decommissioning. 
As well, the proposed new international safety requirements for decommissioning [2] require 
operators to perform an evaluation and demonstration and also to perform periodic reviews of safety 
of facilities during decommissioning. Supporting reports addressing record keeping [2], dismantling 
techniques[13], and the standard content of safety related decommissioning documents [14] have also 
been developed to provide specific information about technical subjects.  

In light of these developments, an International Project on Evaluation and Demonstration of Safety of 
Decommissioning of Nuclear Facilities (DeSa) was organized by the IAEA to develop detailed 
information on safety assessment in the field of decommissioning, taking into account related 
international experience and lessons learned. In addition to information on the preparation of safety 
assessments by the proponents of decommissioning projects, the DeSa project also aims to provide 
parallel information for performing reviews of these safety assessments either by the regulator or by 
an independent third party. The DeSa project commenced on 1 November 2004, and is expected to 
reach its conclusion by the end of 2007. 

2. Regulatory review component of the DeSa project 
Approaches to regulatory review of decommissioning safety are being addressed within the DeSa 
project in support of regulators and other reviewers. Among the specific objectives of the project, the 
following objective addresses regulatory review aspects directly[15]: 

• to investigate approaches for review of safety assessments for decommissioning activities and 
development of a regulatory approach for reviewing safety assessments for decommissioning 
activities as a basis for regulatory decision making. 

The review process will result in information on the quality of the safety assessment and its coverage 
with respect to the proposed decommissioning activities. As part of the DeSa project team a 
Regulatory Review working group has been organized to address the needs of regulators, 
implementors and others performing reviews of decommissioning safety assessments. The meetings of 
this working group have been attended by experts from a broad cross-section of IAEA Member States. 
The aims of this working group are [16]:  

(1) to identify strategies and mechanisms to review decommissioning safety assessments for 
decommissioning projects; 

(2) to develop procedures for regulatory review of decommissioning safety assessments of facilities 
where radioactive materials are used; 

(3) to test and illustrate these procedures on several volunteered test cases of varying complexity 
and hazard potential; and 

(4) to document the review procedure and the findings from the practical application of these 
procedures within the overall DeSa project. 

This DeSa working group is also working on definition of screening and evaluation criteria to provide 
answers to the following questions:  

• Is there an unanalyzed hazard, change, or increase in uncertainty in analyzed hazards or a 
change in hazardous substance type, form, or quantity, as a result of the proposed activity, or a 
discovery that could affect (directly or indirectly) the health and safety of workers at or around 
the job site? 

• Are prescribed safety controls (including personal protective equipment) adequate to protect 
people and the environment, including workers and members of the public, as established by 
approved hazard baseline documentation, and have the safety controls been reviewed and 
approved?The Regulatory Review working group has focused its activities on the process of 

regulatory review of safety assessment and related aspects of plans for decommissioning activities for 
all types of facilities where radioactive materials are used. The group has undertaken two important 
activities: 

(1) The identification of strategies, mechanisms and procedures to review the decommissioning 
safety assessment and the related parts of decommissioning plans (also referred to as safety 
cases) for decommissioning activities. 

(2) The development of methodologies for regulatory review of a decommissioning safety 
assessment and related parts of the safety case for a nuclear facility. 

As the DeSa project continues, the regulatory review methodologies are to be tested on DeSa test 
cases in order to obtain feedback on their application. Each test case working group will use the 
methodologies in the review of the safety assessment for each test case decommissioning project. This 
should provide advice to the Regulatory Review working group on the safety related aspects to be 
further considered, their prioritization according to their importance, the international regulations and 
recommendations pertinent to specific technical matters to be taken into account. Harmonized review 
methodologies will be finalized with this in mind, along with recommendations on links between the 
safety assessment and the rest of the safety case. 

3. Exchange of experience in the DeSa project 
The exchange of experience among representatives from the many participating Member States has 
been an important outcome of the DeSa project meetings. At each meeting several delegates, among 
them the authors of this paper, have made presentations both in plenary sessions and within meetings 
of the various working groups. Several of these presentations have described regulatory processes 
used, as well as recent changes in those processes, in a number of countries where decommissioning 
projects have been and are already under way, with a particular focus on lessons learned from the 
application of those regulatory processes. Following these presentations, question and answer sessions 
were held to foster the interchange of ideas and information. 

In addition to formal and informal presentations, poster sessions describing practical issues arising 
during a wide variety of real decommissioning projects have been held at the DeSa project meetings, 
and at each meeting a session has been held at which these poster presentations were discussed. 

The information exchanged by delegates during these presentation and discussion sessions is then 
applied during working group sessions to the development of the draft documents which will be a 
major output of the project. During the first two meetings the focus was on a document describing the 
safety assessment contents and process. Once the contents of this document were determined, work 
began on the companion document describing review methodologies. 

During the last two years of the project, the focus is shifting from the development of methodologies 
towards the trial application of these methodologies and processes to a number of test cases based on 
real decommissioning projects. During this stage of the project, it is expected that the exchange of 
experience and learning will continue. 
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4. Regulatory challenges of decommissioning 
The interchange of experience to date has revealed a broad range of challenges. Interestingly, the 
majority of these challenges are not technical in nature, but organizational or policy-related, athough 
of course technical challenges also exist in specific cases. This section of the paper focuses on these 
organizational challenges, based on observations derived from experience regulating decommissioning 
projects as shared within the DeSa project review meetings. 

Safety assessment for a decommissioning project is one important element in the assembly of an 
overall safety case. Safety assessment is not an end in itself, but a vital contributor to the process of 
estbalishing that the decommissioning activities can and will be carried out safely, i.e. of building 
confidence that regulatory safety criteria will be met. An important contributor to confidence-building 
is the use of a systematic and transparent approach. This can be particularly challenging because of the 
ad hoc, one-of-a-kind nature of many decommissioning projects, especially those for earlier prototype 
or research installations. 

Operationally, the main outputs of safety assessments are used both to demonstrate that safety and 
regulatory limits will be met by the project, as well as to help establish operational limits and controls. 
Both of these roles exist in construction and operation as well as during decommissioning, but the 
balance during decommissioning is often weighted more heavily toward the latter than the former, as a 
result of the fact that the greatest radiological and safety hazards (e.g. spent fuel) have often been 
removed before the actual decommissioning begins. While the use of safety assessment in supporting 
the development of operational limits and conditions is not a novel feature of decommissioning, the 
importance of the operational role can challenge the traditional viewpoints and assumptions of 
reviewers who are accustomed to dealing with relatively stable facilities prior to shutdown. 

One of the most evident challenges to the regulator arising from decommissioning projects is the need 
to adapt regulatory control to a rapidly changing, dynamic situation without losing sight of the 
continuing need for a comprehensive overview. The rapid pace of change can be a significant 
challenge to the regulatory process. 

Increasingly, national policies and practices on decommissioning are demonstrating a trend towards a 
preference for early decommissioning. There are several reasons for this, among them a desire to 
reduce time at risk from remaining hazards and to avoid deferral of burdens to future generations who 
did not derive direct benefit from the former practice, the need to take advantage of equipment, staff 
and practical information available during the design and operation stages and to avoid the loss of 
knowledge with time, the need to reduce uncertainties which result from very long time frames, and a 
growing realization that in many cases the early removal of a hazard can bring a net benefit despite the 
costs and risks associated with the decommissioning activities. However, an overly rigid, conservative 
and detailed regulatory approach can provide a disincentive to the carrying out of an early 
decommissioning policy. The challenge to the regulator is to tailor the regulatory approach to the 
relative risks at various times during the life cycle of the project (a “graded approach”), while still 
meeting the regulatory responsibility to ensure that risks are managed and kept acceptably low by the 
operator. 

The regulatory overview process for decommissioning also needs to be able to respond quickly to 
changes. As structures, systems and components that were formerly relied upon to provide protection 
are removed, workers, the public or the environment may be exposed to new hazards that were 
formerly protected against. Often, this is a matter of “time at risk”, i.e. of temporarily accepting 
increased risks on a short-term basis in order to achieve a permanent reduction in the continuing future 
level of risk. The regulator thus faces the challenge of balancing short-term risks against long-term 
benefits, possibly under conditions where delay in taking decisions is on its own a risk factor. This 
balancing of risks is often accompanied by a shift from engineered barriers as the first line of defence 
against hazards to the use of procedural controls. It may be necessary to use appropriate temporary 
systems which may not meet conventional standards intended for permanent systems, supplemented 
by stronger reliance on procedural systems and contingency plans as a primary defence rather than as a 
backup to engineered systems. 

An important part of a flexible control and decision-making process is the process of keeping 
documentation current with the conditions at the facility while changes are occurring. This is also an 
important issue during operation of facilities, but the pace of change and therefore the difficulty of this 
organizational challenge is often accelerated during decommissioning. 

Large, long duration projects pose an additional challenge of having to reach decisions before all of 
the detailed supporting information is available. One means of dealing with this that has frequently 
been used is the adoption of a staged, multi-step approach to a large project. A challenge to the 
regulator is to determine how much detail is necessary at the beginning of a multi-step process, and 
how much can safely be left till later stages while avoiding early wrong turnings in the step-wise 
decision-making process. While some detailed information and decisions may have to be deferred, 
there are some clear advantages to performing an early overview assessment. Among these are the 
ability to examine the global optimization process and global impacts of the project, as well as the 
ability to address cross-cutting issues such as the effects of loss of knowledge, of aging equipment and 
structures, and requirements for record-keeping and for consistent protection policies. Even at a very 
early stage of decommissioning operations, decisions about the final end-state can have  a significant 
impact on optimization of the entire project. 

The range of decommissioning projects is very broad, encompassing large high-risk projects that take 
place over extended time scales, and also short-duration simple projects with relatively little in the 
way of acute hazards. A simple one-size-fits-all approach to regulation has difficulty in meeting the 
needs of these diverse projects. This poses a particular challenge to smaller regulatory bodies, who 
may not have the resources to support a broad range of approaches. As in all other cases, the 
regulatory process for decommissioning needs to focus its attention on the aspects that are critical to 
safety. This is also just as true within a complex project as it is when comparing large and small 
projects. A regulatory process that puts many roadblocks in the way of implementation in order to 
protect against small, short-term risks can be counterproductive to the public safety goal, which is 
usually to remove the larger hazards as quickly as practicable. Nevertheless, the unique nature of 
decommissioning projects means that new decisions may have to be taken without the benefit of 
precedent or standard practice, and the regulator must balance the need to avoid undue delay against 
the need to assure acceptable levels of safety. 

5. Lessons learned 
As is the case in most endeavours, responding to challenges results in setbacks as well as successes. 
Both of these outcomes, positive as well as negative, represent lessons learned. It is important that the 
information gathered during this learning process be shared with others facing similar situations. 
Failure to do so could result in repeated problems and a loss of confidence in the industry as a whole. 
This exchange of experience and lessons learned is an important part of the DeSa project. In this 
section of the paper, a number of these lessons learned and shared during the project are described. 

The breadth and diversity of decommissioning projects worldwide, and within larger countries, leads 
to a need to share experience at all levels, not only among implementors but also between regulators, 
in order to maximize the effectiveness of the regulatory process. This has been found to be a good 
practice at the national as well as the international level. 

At one time, many regulators treated decommissioning as simply an extension to operation. However, 
the simple approach of treating decommissioning as if it were a series of operational facility 
modifications has been found to be slow and cumbersome. An approach which treats the unique 
features of decommissioning as though they were the same as routine operation can result in 
overlooking some common and even dominant hazards. For example, the rapid pace of change during 
transitional situations can mean that some workplace hazards which are normally mitigated or 
prevented by engineered systems during operation may be dominant contributors to risk. An 
operations-based approach, on the part of both the implementor and the regulator, has been found to be 
less effective than it should have been. The lesson here is that it is important to ensure that the 
regulatory approach, including the mindset of reviewers and inspectors, changes to reflect the changed 
circumstances of decommissioning. 
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how much can safely be left till later stages while avoiding early wrong turnings in the step-wise 
decision-making process. While some detailed information and decisions may have to be deferred, 
there are some clear advantages to performing an early overview assessment. Among these are the 
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ability to address cross-cutting issues such as the effects of loss of knowledge, of aging equipment and 
structures, and requirements for record-keeping and for consistent protection policies. Even at a very 
early stage of decommissioning operations, decisions about the final end-state can have  a significant 
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way of acute hazards. A simple one-size-fits-all approach to regulation has difficulty in meeting the 
needs of these diverse projects. This poses a particular challenge to smaller regulatory bodies, who 
may not have the resources to support a broad range of approaches. As in all other cases, the 
regulatory process for decommissioning needs to focus its attention on the aspects that are critical to 
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5. Lessons learned 
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information gathered during this learning process be shared with others facing similar situations. 
Failure to do so could result in repeated problems and a loss of confidence in the industry as a whole. 
This exchange of experience and lessons learned is an important part of the DeSa project. In this 
section of the paper, a number of these lessons learned and shared during the project are described. 

The breadth and diversity of decommissioning projects worldwide, and within larger countries, leads 
to a need to share experience at all levels, not only among implementors but also between regulators, 
in order to maximize the effectiveness of the regulatory process. This has been found to be a good 
practice at the national as well as the international level. 

At one time, many regulators treated decommissioning as simply an extension to operation. However, 
the simple approach of treating decommissioning as if it were a series of operational facility 
modifications has been found to be slow and cumbersome. An approach which treats the unique 
features of decommissioning as though they were the same as routine operation can result in 
overlooking some common and even dominant hazards. For example, the rapid pace of change during 
transitional situations can mean that some workplace hazards which are normally mitigated or 
prevented by engineered systems during operation may be dominant contributors to risk. An 
operations-based approach, on the part of both the implementor and the regulator, has been found to be 
less effective than it should have been. The lesson here is that it is important to ensure that the 
regulatory approach, including the mindset of reviewers and inspectors, changes to reflect the changed 
circumstances of decommissioning. 
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Until relatively recently, many licensing processes were designed primarily to deal with the needs of 
operating facilities. They have often treated the life cycle of licensed facilities as a series of successive 
stable states, with a requirement for regulatory approval of each safety-significant modification. When 
change is infrequent, such a process may work well; however, during decommissioning when 
significant changes in plant configuration occur rapidly, such regulatory processes have proven 
cumbersome and difficult to apply, and may act as a disincentive to the prompt completion of the 
project. It has been found that by focusing on individual modifications, this traditional regulatory 
approach also risks losing sight of the project as a whole, and may overlook, for example, the need to 
ensure even at early stages that the eventual requirements for licence termination will be met. 

Early in the life cycle of a facility, the approval process generally treats safety as primarily a technical 
issue. As time passes, the emphasis gradually shifts; the regulatory overview may initially be 
dominated by design and engineering issues, but safety management takes on increasing importance as  
time progresses. By the time of decommissioning, experience demonstrates that the most important 
challenges are generally not technical but organizational. The regulatory process needs to be able to 
adapt itself to this shift in emphasis. The ultimate objective of regulation does not change, nor do legal 
criteria such as dose limits. However, the balance changes among the elements of the basis for 
concluding that the objective will be met. The technical approach to assuring safety through the review 
of engineered safety features and compliance with design standards is not abandoned, but it is 
supplemented by an approach that entails reviewing the licensee’s safety management systems, work 
control procedures and contingency planning processes as these take on a more active role in ensuring 
safety. 

The approaches which have been found to be most successful in responding to the challenges posed by 
decommissioning recognize the importance of the licensee’s internal authorization processes. If the 
regulator is satisfied that a licensee has effective management systems in place that will detect 
problems arising and respond to them in a way that maintains safety, and that the licensee’s safety 
documentation is and will continue to be consistent with the state of the facility, the need for direct 
regulatory oversight is diminished, particularly for smaller or lower-risk activities. In addition to 
increased efficiency, i.e. savings in time and money arising from a less inflexible approval process, an 
approach which places the responsibility on the licensee’s management systems rather than relying on 
regulatory inspection and oversight serves in the interest of safety by ensuring that problems are 
detected and corrected early. It also allows the regulatory body to focus more of its attention on “big 
picture” issues such as the overall pace of progress towards the achievement of the end-state or licence 
termination safety goals and criteria. 

Another strategy which has been found to improve both the efficiency and the effectiveness of 
regulatory processes is one of encouraging open and frequent communications between the operator 
and the regulator, as well as among different regulatory bodies when, as is often the case, there is more 
than one regulatory body with jurisdiction over parts of the decommissioning activity. Operators and 
regulators have both found that early engagement of the regulators during the planning process, 
supplemented by regular meetings at which issues can be discussed while always keeping in mind the 
licensee’s primary responsibility for safety at all times, can help avoid major stumbling blocks later in 
the process. 

It has been found particularly helpful to ensure that the safety assessment is well documented early. 
Submission of incomplete safety assessments and decommissioning plans can result in lengthy delays 
while gaps are plugged. It is usually more cost effective to identify these gaps as early as possible 
during the development of the safety case, before too much has been invested in an approach which 
will have difficulty meeting the regulator’s needs. Early and open communications is a key to avoiding 
problems of this type. In addition, early characterization of hazards has also been found to be very 
advantageous in avoiding later problems. 

As well as the strategic measures described above, a number of more specific practical measures have 
also been found to be useful. In particular, mechanisms for sharing of experience, not only on 
regulatory matters but also on technical aspects such as instrumentation and data evaluation, have been 
found to be very useful. In this regard, industry associations or standing inter-organizational groups 

can be helpful in promoting industry-wide approaches to the benefit of both the licensees and the 
regulator. 

With respect to the nature of safety assessments, it has been found in some cases that the use of more 
realistic rather than stylized bounding analyses can pay off both in terms of efficiency and in terms of 
improved safety measures more closely tailored to the actual situations likely to be encountered. 
Generally, deterministic analysis methods predominate in decommissioning safety assessments; 
probabilistic methods, if used, serve mainly as an optimization tool. 

Finally, experience makes it clear that a graded approach, in which the degree of regulatory attention 
depends upon the complexity and nature of the project being reviewed, is helpful to both the regulator 
and the operator. It is expected that a project which may pose only very minor hazards will require 
much less effort for review than a project involving major hazards to workers and the public. A 
regulatory focus on licensee safety management systems also permits a graded approach to the review 
and oversight process itself, in the form of audits and selective reviews rather than complete reviews 
of all aspects of the project by the regulator. Both of these approaches contribute to the ability to 
concentrate regulatory resources on the areas where the greatest benefit to safety can be obtained. 

6. Application of lessons learned in DeSa 
In addition to verifying that regulatory criteria and requirements are met, the regulatory body must 
also satisfy itself that safety principles have been applied and good engineering practice has been used 
in developing proposals for decommissioning, and that effective procedural controls have been 
developed and will be applied during the decommissioning process. The safety assessment and all 
supporting arguments are expected to provide a high level of confidence that the decommissioning 
will be carried out safely and that the end state of the project will meet all regulatory requirements. In 
addition the regulator must make judgments on the application of the graded approach commensurate 
with the potential hazards. A balance between the radiological and industrial hazards prevailing in 
most decommissioning projects must be achieved with the necessary involvement of other competent 
authorities. 

One of the goals of the DeSa project is to provide advice to regulators and others performing reviews 
of safety assessments to help them meet these requirements. The exchange of experience and lessons 
learned described in the previous sections of this paper are a key component of the DeSa working 
group’s activities in support of regulatory reviews. The outcomes of this work, including 
recommendations on development and application of review procedures to be applied in the valuation 
of safety during decommissioning, are envisaged to be summarized in a safety report to be published 
at the end of the project in 2007. The outputs of this project are intended to assist regulators, safety 
assessors, operators and independent reviewers of decommissioning projects worldwide in: 

(1) decision making on the adequacy and acceptability of safety assessments; 

(2) decisions on approval of proposed decommissioning options; 

(3) identifying and resolving safety issues arising during decommissioning. 

The work of the Regulatory Review working group is also serving as resource material for the 
development of an IAEA Safety Guide on safety assessment for decommissioning[17]. 
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significant changes in plant configuration occur rapidly, such regulatory processes have proven 
cumbersome and difficult to apply, and may act as a disincentive to the prompt completion of the 
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Abstract. It is an important task to assess the safety of the measures which are planned for 
decommissioning of facilities using radioactive material and to have a comprehensive and reliable framework for 
safety assessments. This is one of the reasons why the international project on Evaluation and Demonstration of 
Safety during Decommissioning (DeSa) has been launched by the IAEA in 2004. One of the working groups 
within the DeSa Project is the working group on the Application of the Graded Approach in safety assessments. 
Grading in safety assessments can relate to many aspects, such as: the complexity and level of detail of 
modelling and calculation methods, the way in which radiological characterisation and screening measurements 
are performed, the number and level of details of scenarios, the complexity of dose assessments, the way in 
which safety assessments are reviewed internally and by the competent authorities, as well as to many other 
features. Grading may depend on the risk potential of the facility or the activity inventory, which is still present, 
as well as on other features. The aim is to identify those areas where a detailed approach is most relevant and 
where the effort should be directed to. Application of a graded approach ensures that methods are used which are 
commensurate to the hazards, helps to direct efforts to those areas where they achieve the highest benefit and 
avoids spending costs for irrelevant analyses. During the course of its work, the Graded Approach Working 
Group has discussed a variety of areas and aspects where the use of a graded approach might be beneficial. Some 
aspects are presented in this paper. The following points have emerged from the work of this working group: 

� A number of countries use a graded approach in various aspects of safety assessments. Examples for such 
a use may be:  

Radiological characterisation in accordance with the remaining hazard potential of the facility; 

Adjustment of dose assessments for effluents to the activity release of the facility; 

Initiating events and scenarios in accordance to realistic pathways, cancellation of events and scenarios 
which are no longer possible in the facility under decommissioning. 

� Other countries need guidance on how to implement graded approaches for various aspects of safety 
assessments. 

� A comprehensive list of areas of safety assessments where a graded approach is beneficial would be most 
welcome. 

� This paper draws conclusions from the work and the results of the Graded Approach Working Group of 
the DeSa Project. It identifies areas where grading has already been used successfully and where the use 
of the graded approach would be effective without compromising safety or the significance of the safety 
assessment. 

1. Introduction – the graded approach 
The number of facilities using radioactive material reaching the end of their life-cycle and requiring 
decommissioning is increasing worldwide [1]. These facilities vary in terms of their complexities, 
hazard potential, available resources, etc. – e.g. nuclear power plants, research reactors, nuclear fuel 
cycle facilities, laboratories. However, for all these facilities it is internationally recognised that safety 
assessments need to be developed supporting the decommissioning plan [2-5]. It is important to assess 
the safety of planned decommissioning activities based on a comprehensive and reliable framework. 
Various approaches to safety assessment are being applied worldwide and the international project on 
Evaluation and Demonstration of Safety during Decommissioning (DeSa) [6] was launched by the 
International Atomic Energy Agency (IAEA) in 2004 with a view to collect lessons learned from 
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welcome. 

� This paper draws conclusions from the work and the results of the Graded Approach Working Group of 
the DeSa Project. It identifies areas where grading has already been used successfully and where the use 
of the graded approach would be effective without compromising safety or the significance of the safety 
assessment. 

1. Introduction – the graded approach 
The number of facilities using radioactive material reaching the end of their life-cycle and requiring 
decommissioning is increasing worldwide [1]. These facilities vary in terms of their complexities, 
hazard potential, available resources, etc. – e.g. nuclear power plants, research reactors, nuclear fuel 
cycle facilities, laboratories. However, for all these facilities it is internationally recognised that safety 
assessments need to be developed supporting the decommissioning plan [2-5]. It is important to assess 
the safety of planned decommissioning activities based on a comprehensive and reliable framework. 
Various approaches to safety assessment are being applied worldwide and the international project on 
Evaluation and Demonstration of Safety during Decommissioning (DeSa) [6] was launched by the 
International Atomic Energy Agency (IAEA) in 2004 with a view to collect lessons learned from 
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countries experience in such safety assessments and to develop a harmonised approach to the 
development and review of safety assessment for decommissioning, including the application of the 
graded approach. As the facilities vary in their complexities, as well as in existing and potential 
hazards during decommissioning, the operators and regulators consider corresponding level of detail 
and efforts in the development and review of safety assessments for decommissioning, and apply the 
graded approach.  

Application of the graded approach in safety assessments can relate to many aspects, such as: (i) the 
detail of radiological characterisation data and screening measurements, (ii) the number and level of 
details of scenarios, (iii) the complexity and the level of detail of modelling and calculation methods, 
(iv) the complexity of dose assessments, (v) the way in which safety assessments are reviewed 
internally by the operator and externally by the competent authorities, as well as to many other 
features. Grading the efforts for demonstrating compliance with safety criteria, including performance 
and review of safety assessments for decommissioning depends on various factors such as the hazard 
potential of the facility or the activity inventory.  

The aim of applying the graded approach is to identify those areas where a detailed approach is most 
relevant to safety during decommissioning of a facility that uses radioactive material and where the 
effort should be directed to. Application of a graded approach aims also to ensure that methods for 
performance and review of safety assessment used are commensurate to the complexity and associated 
hazard of the facility helps directing efforts to those areas where they achieve the highest benefit and 
avoids spending costs and human resources for irrelevant analyses. 

2. Application of the graded approach in safety assessments for decommissioning 
During the course of the DeSa work, the Graded Approach Working Group has reviewed countries’ 
experience on the application of the graded approach with a view to identify common approaches and 
to develop recommendations and tools for the application of this approach in development of safety 
assessments for decommissioning. 

The project is working on; (i) developing a definition of the graded approach; (ii) developing a 
procedure, as a tool in conducting safety assessment for decommissioning; and (iii) development of 
specific examples that illustrate clearly how the hazard potential, radioactivity, decommissioning 
activities or other features of a facility or situation influence the complexity of the approach to safety 
assessment during decommissioning. The Graded Approach Working Group is currently preparing a 
document in which these recommendations will be presented, as one of the volumes of the Safety 
Report “Safety Assessment for Decommissioning” [7]. 

The lesson learned from the review of the countries experience shows that: 

1. There is no common definition of “graded approach”. The DeSa project has proposed the 
graded approach is defined as a process by which the level of analysis, documentation, and 
actions necessary to comply with safety requirements and criteria are commensurate with:  

� The relative importance to safety, safeguards, and security - likelihood and consequences 
of hazards;  

� The magnitude of any hazard involved and the radiological hazard potential– e.g. activity 
inventory of the facility (surface, bulk contamination); radiological characteristics (short 
or long-lived radionuclides, presence of alpha emitting radionuclides); the chemical and 
physical state of the radioactive material (solid, liquid, gaseous; sealed sources);  

� The life cycle stage of a facility (e.g. preliminary and final decommissioning plan, the 
phase of the decommissioning process);  

� The purpose of safety assessment of a facility;  

� The particular characteristics of a facility;  

� The scope of the assessment (e.g. a part of a facility, a single facility at a multi-facility 
site or the whole site, spent fuel management);  

� The end-state of the facility (unrestricted or restricted use); 

� The radiological criteria with which the results will be compared; 

� The size and type of the facility (including its complexity); 

� Site characteristics (seismic risks, flooding, influence from or dependence on any 
neighbouring facilities); 

� The presence and type of initiating events for incident/accident sequences (e.g., 
chemicals, temperature, fire, etc.); 

� The physical state of the facility at the start of the decommissioning work (shutdown after 
normal operation, or shutdown after an incident; longer period of poor maintenance; 
uncertainty on the state of the facility); 

� The complexity of decommissioning activities (normally shutdown facilities, facilities 
shutdown following an accident); 

� The availability of applicable safety assessments for this or other similar facilities or 
novelty of proposed decommissioning activities. 

2. The application of a graded approach should aim at optimisation of efforts for demonstration of 
compliance with safety requirements, without compromising safety.

3. Most countries apply the graded approach without following specific procedures, based on 
expert judgement. The graded approach is used in various aspects of safety assessments, for 
example:  

� The level of detail of radiological characterisation data in accordance with the hazard 
potential of the facility to be decommissioned; 

� Evaluation of the number of initiating events and scenarios in accordance to potential 
pathways, and screening out of events and scenarios which are not relevant or are no 
longer possible in a facility under decommissioning; 

� Dose or risk assessments for workers in facilities, ranging from the use of conservative 
estimates for dose rate and exposure time for simple tasks to the use of sophisticated 3D-
models for complex situations. 

Other countries without experience in safety assessment for decommissioning need guidance on how 
to implement the graded approach for various aspects of safety assessments. Based on the review of 
countries experience, four main steps for the application of the graded approach can be identified: 

- Step 1 – Definition of regulatory requirements and criteria;  

- Step 2 – Preliminary evaluation of hazards (categorization of facilities); 

- Step 3 – Grading in performance of safety assessment; 

- Step 4 – Grading in application of assessment results. 

These steps are presented briefly below. 

3. Regulatory requirements on graded approach for the safety assessment  
In some countries, regulatory requirements for performing safety assessments exist in the regulatory 
framework which should be taken into consideration and have impact on the application of the graded 
approach for development and review of such assessments. Such regulatory requirements for safety 
assessments may comprise of, e.g.: 

� The initiating events and scenarios to be taken into account (e.g. airplane crash, earthquake, 
flooding, etc.; pathways for releases and migration of radionuclides; pathways for exposure 
calculations); 
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countries experience in such safety assessments and to develop a harmonised approach to the 
development and review of safety assessment for decommissioning, including the application of the 
graded approach. As the facilities vary in their complexities, as well as in existing and potential 
hazards during decommissioning, the operators and regulators consider corresponding level of detail 
and efforts in the development and review of safety assessments for decommissioning, and apply the 
graded approach.  

Application of the graded approach in safety assessments can relate to many aspects, such as: (i) the 
detail of radiological characterisation data and screening measurements, (ii) the number and level of 
details of scenarios, (iii) the complexity and the level of detail of modelling and calculation methods, 
(iv) the complexity of dose assessments, (v) the way in which safety assessments are reviewed 
internally by the operator and externally by the competent authorities, as well as to many other 
features. Grading the efforts for demonstrating compliance with safety criteria, including performance 
and review of safety assessments for decommissioning depends on various factors such as the hazard 
potential of the facility or the activity inventory.  

The aim of applying the graded approach is to identify those areas where a detailed approach is most 
relevant to safety during decommissioning of a facility that uses radioactive material and where the 
effort should be directed to. Application of a graded approach aims also to ensure that methods for 
performance and review of safety assessment used are commensurate to the complexity and associated 
hazard of the facility helps directing efforts to those areas where they achieve the highest benefit and 
avoids spending costs and human resources for irrelevant analyses. 

2. Application of the graded approach in safety assessments for decommissioning 
During the course of the DeSa work, the Graded Approach Working Group has reviewed countries’ 
experience on the application of the graded approach with a view to identify common approaches and 
to develop recommendations and tools for the application of this approach in development of safety 
assessments for decommissioning. 

The project is working on; (i) developing a definition of the graded approach; (ii) developing a 
procedure, as a tool in conducting safety assessment for decommissioning; and (iii) development of 
specific examples that illustrate clearly how the hazard potential, radioactivity, decommissioning 
activities or other features of a facility or situation influence the complexity of the approach to safety 
assessment during decommissioning. The Graded Approach Working Group is currently preparing a 
document in which these recommendations will be presented, as one of the volumes of the Safety 
Report “Safety Assessment for Decommissioning” [7]. 

The lesson learned from the review of the countries experience shows that: 

1. There is no common definition of “graded approach”. The DeSa project has proposed the 
graded approach is defined as a process by which the level of analysis, documentation, and 
actions necessary to comply with safety requirements and criteria are commensurate with:  

� The relative importance to safety, safeguards, and security - likelihood and consequences 
of hazards;  

� The magnitude of any hazard involved and the radiological hazard potential– e.g. activity 
inventory of the facility (surface, bulk contamination); radiological characteristics (short 
or long-lived radionuclides, presence of alpha emitting radionuclides); the chemical and 
physical state of the radioactive material (solid, liquid, gaseous; sealed sources);  

� The life cycle stage of a facility (e.g. preliminary and final decommissioning plan, the 
phase of the decommissioning process);  

� The purpose of safety assessment of a facility;  

� The particular characteristics of a facility;  

� The scope of the assessment (e.g. a part of a facility, a single facility at a multi-facility 
site or the whole site, spent fuel management);  

� The end-state of the facility (unrestricted or restricted use); 

� The radiological criteria with which the results will be compared; 

� The size and type of the facility (including its complexity); 

� Site characteristics (seismic risks, flooding, influence from or dependence on any 
neighbouring facilities); 

� The presence and type of initiating events for incident/accident sequences (e.g., 
chemicals, temperature, fire, etc.); 

� The physical state of the facility at the start of the decommissioning work (shutdown after 
normal operation, or shutdown after an incident; longer period of poor maintenance; 
uncertainty on the state of the facility); 

� The complexity of decommissioning activities (normally shutdown facilities, facilities 
shutdown following an accident); 

� The availability of applicable safety assessments for this or other similar facilities or 
novelty of proposed decommissioning activities. 

2. The application of a graded approach should aim at optimisation of efforts for demonstration of 
compliance with safety requirements, without compromising safety.

3. Most countries apply the graded approach without following specific procedures, based on 
expert judgement. The graded approach is used in various aspects of safety assessments, for 
example:  

� The level of detail of radiological characterisation data in accordance with the hazard 
potential of the facility to be decommissioned; 

� Evaluation of the number of initiating events and scenarios in accordance to potential 
pathways, and screening out of events and scenarios which are not relevant or are no 
longer possible in a facility under decommissioning; 

� Dose or risk assessments for workers in facilities, ranging from the use of conservative 
estimates for dose rate and exposure time for simple tasks to the use of sophisticated 3D-
models for complex situations. 

Other countries without experience in safety assessment for decommissioning need guidance on how 
to implement the graded approach for various aspects of safety assessments. Based on the review of 
countries experience, four main steps for the application of the graded approach can be identified: 

- Step 1 – Definition of regulatory requirements and criteria;  

- Step 2 – Preliminary evaluation of hazards (categorization of facilities); 

- Step 3 – Grading in performance of safety assessment; 

- Step 4 – Grading in application of assessment results. 

These steps are presented briefly below. 

3. Regulatory requirements on graded approach for the safety assessment  
In some countries, regulatory requirements for performing safety assessments exist in the regulatory 
framework which should be taken into consideration and have impact on the application of the graded 
approach for development and review of such assessments. Such regulatory requirements for safety 
assessments may comprise of, e.g.: 

� The initiating events and scenarios to be taken into account (e.g. airplane crash, earthquake, 
flooding, etc.; pathways for releases and migration of radionuclides; pathways for exposure 
calculations); 
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� Certain parameter values to be used (e.g. meteorological and hydrogeological conditions to be 
assumed for dispersion calculations, consumption rates for locally produced food for the critical 
groups); 

� Certain calculation models/prescriptions - for example in Germany the way in which dose 
assessments for nuclear facilities (operational and decommissioning phases) are to be carried 
out are prescribed by the German regulations [9] – i.e. detailed descriptions (complete 
dispersion models and radioecological models) how to calculate the spread of radionuclides via 
airborne and water pathways in the environment and from there via various food chains and 
water consumption to man; prescribed radionuclide concentration values in air and water which 
are derived in such a way that compliance with these concentrations values automatically 
guarantees compliance with the dose criteria of Section 47 of the RPO. 

� Certain computer codes which should be used (e.g. the RESRAD code in USA can be used for 
the derivation of release levels of land, buildings or materials). 

� The radiological risk or dose constraints, or dose limits according to which the safety 
assessments have to be carried out are usually prescribed in the regulatory framework, such as 
an annual individual dose constraint of several mSv in a year for workers, of 0.3 mSv in a year 
from gaseous and liquid effluents for members of the general public, or e.g. 20 mSv for 
incidents or accidents. 

There may also be other considerations that may have an impact on the way in which safety 
assessments are carried out, like the intended use of the safety assessment results (e.g. for decisions 
within the company to which the decommissioning project belongs) or other requirements and 
standards (e.g. the expectations of the authorities on the way in which safety assessment results are 
presented, the role of the safety assessment in the environmental impact assessment and for interfacing 
with the general public and other stakeholders etc.). Those include: 

� Application of the safety assessment results in the licensing procedure; 

� Intended use of the safety assessment results by the operator, to assess or decide upon certain 
strategies or approaches to take for the economical and safe execution of the decommissioning 
project; 

� Requirements from the environmental impact assessment procedure; 

� Considerations concerning involvement of the public and interaction with other stakeholders. 

The lesson learned concerning Step 1 lies in the fact that the regulatory framework of a particular 
country may include the graded approach for various aspects of safety assessments, such as the 
prescription of the use of certain calculation models for larger facilities. 

4. Preliminary analysis of a facility to be decommissioned 

4.1. Radiological categorization of facilities  
During the preliminary analysis of a facility which is usually conducted before the start of 
decommissioning, the basic input data which are needed to perform safety assessments are compiled 
and screening assessments are carried out from which the overall hazard potential can be derived. Data 
on the activity levels, the radionuclide composition of the contamination, the distribution of dose rates 
and other aspects are necessary inputs for all types of safety assessments for worker safety and for 
calculation of effective doses the general public etc. are taken into account.  

In many cases, especially in larger facilities, the variability of conditions and therefore of the input 
data is substantial. The level of detail with which the radiological characterisation is performed should 
therefore be commensurate with the hazard potential of the facility or the work which is to be carried 
out. In smaller facilities (e.g. facilities using sealed sources) it may be sufficient to know the 
radiological conditions with a lower level of detail than in facilities with high dose rate areas or 
complex contamination situations (e.g. fuel processing facilities), where it cannot be seen a priori
what radiological or safety implications the performance of a certain task may have.  

The following example can be used for illustration of the approach: In a nuclear power plant or a 
research reactor where no fuel failures have occurred during its operation, the contamination mainly 
consists of beta/gamma emitting nuclides like Co-60 and Cs-137. In this case, the safety assessment 
needs to concentrate on exposure by external irradiation. In a fuel cycle facility where alpha 
contamination has built up during the operating period, the safety assessment needs to take into 
account also inhalation and ingestion. There are various other aspects which are analysed during the 
radiological characterisation of a facility and to which grading can be applied as well. 

Other qualitative factors can be evaluated as well in the preliminary analysis, such as chemical 
contamination; soil or groundwater contamination at and outside the facility; security level, physical 
structures of facility; surrounding population and land use. 

On the basis of the preliminary analysis, the facility to be decommissioned can be graded (allocated to 
category depending on its hazard potential). Different countries apply different categorisation, 
however the following general categorisation scheme describes the general approach very well while 
specific categories may have a different meaning in regulations of a specific country: 

Category A - a major impact on the public; 
Category B – more than a minor radiological safety significance; 
Category C – no more than a minor radiological safety significance; 
Category D – no radiological safety implication. 

The lesson learned is that upon completion of step 2 the operator and safety assessor should have a 
clear idea of the need of level of detail for the safety assessment during decommissioning on the basis 
of qualitative preliminary assessment of the facility and decommissioning activities. 

4.2. Radiological categorisation (zoning) of the facility’s structures and systems  
It is a common approach to divide the facility into various categories in terms of types of activity or 
contamination levels, particularly with respect to material management during decommissioning. In 
the categorisation process, boundaries or areas (also called zones) in the facility or between systems 
with similar characteristics are established. In its simplest form, a boundary between “(potentially) 
contaminated” and “(predominantly) uncontaminated” parts of the facility is determined. A more 
refined approach may be the following: 

� Areas which are definitely not contaminated (e.g. administrative areas); 

� Areas which may be contaminated; 

� Areas with (loose) contamination with significant content of alpha emitters or other 
radionuclides with high inhalation/ingestion dose coefficients; 

� Areas with high dose rates where restrictions for access and for work apply; 

� Areas with high dose rates where access is not possible. 

An approach to establish such categories can rely on various methods, giving room for grading, such 
as:

� The use of the detailed facility history in combination with the analysis of the systems (purpose 
and operation of each component, connection between systems in normal operation conditions, 
during refurbishment etc.) requires little effort in comparison to a detailed sampling programme.  

� Taking samples for confirmation of the conclusions drawn from facility history and system 
analysis. In this case, samples at selected places (e.g. before and after a presumed boundary of 
an area) would be taken to see if the relevant feature (e.g. alpha contamination) is confined to 
the particular area as assumed.  

� If the assumptions on the nuclide composition in the contamination are reasonably accurate, 
effort can be saved by performing simpler measurements, e.g. dose rate measurements instead 
of gamma spectrometry. 
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� Certain parameter values to be used (e.g. meteorological and hydrogeological conditions to be 
assumed for dispersion calculations, consumption rates for locally produced food for the critical 
groups); 

� Certain calculation models/prescriptions - for example in Germany the way in which dose 
assessments for nuclear facilities (operational and decommissioning phases) are to be carried 
out are prescribed by the German regulations [9] – i.e. detailed descriptions (complete 
dispersion models and radioecological models) how to calculate the spread of radionuclides via 
airborne and water pathways in the environment and from there via various food chains and 
water consumption to man; prescribed radionuclide concentration values in air and water which 
are derived in such a way that compliance with these concentrations values automatically 
guarantees compliance with the dose criteria of Section 47 of the RPO. 

� Certain computer codes which should be used (e.g. the RESRAD code in USA can be used for 
the derivation of release levels of land, buildings or materials). 

� The radiological risk or dose constraints, or dose limits according to which the safety 
assessments have to be carried out are usually prescribed in the regulatory framework, such as 
an annual individual dose constraint of several mSv in a year for workers, of 0.3 mSv in a year 
from gaseous and liquid effluents for members of the general public, or e.g. 20 mSv for 
incidents or accidents. 

There may also be other considerations that may have an impact on the way in which safety 
assessments are carried out, like the intended use of the safety assessment results (e.g. for decisions 
within the company to which the decommissioning project belongs) or other requirements and 
standards (e.g. the expectations of the authorities on the way in which safety assessment results are 
presented, the role of the safety assessment in the environmental impact assessment and for interfacing 
with the general public and other stakeholders etc.). Those include: 

� Application of the safety assessment results in the licensing procedure; 

� Intended use of the safety assessment results by the operator, to assess or decide upon certain 
strategies or approaches to take for the economical and safe execution of the decommissioning 
project; 

� Requirements from the environmental impact assessment procedure; 

� Considerations concerning involvement of the public and interaction with other stakeholders. 

The lesson learned concerning Step 1 lies in the fact that the regulatory framework of a particular 
country may include the graded approach for various aspects of safety assessments, such as the 
prescription of the use of certain calculation models for larger facilities. 

4. Preliminary analysis of a facility to be decommissioned 

4.1. Radiological categorization of facilities  
During the preliminary analysis of a facility which is usually conducted before the start of 
decommissioning, the basic input data which are needed to perform safety assessments are compiled 
and screening assessments are carried out from which the overall hazard potential can be derived. Data 
on the activity levels, the radionuclide composition of the contamination, the distribution of dose rates 
and other aspects are necessary inputs for all types of safety assessments for worker safety and for 
calculation of effective doses the general public etc. are taken into account.  

In many cases, especially in larger facilities, the variability of conditions and therefore of the input 
data is substantial. The level of detail with which the radiological characterisation is performed should 
therefore be commensurate with the hazard potential of the facility or the work which is to be carried 
out. In smaller facilities (e.g. facilities using sealed sources) it may be sufficient to know the 
radiological conditions with a lower level of detail than in facilities with high dose rate areas or 
complex contamination situations (e.g. fuel processing facilities), where it cannot be seen a priori
what radiological or safety implications the performance of a certain task may have.  

The following example can be used for illustration of the approach: In a nuclear power plant or a 
research reactor where no fuel failures have occurred during its operation, the contamination mainly 
consists of beta/gamma emitting nuclides like Co-60 and Cs-137. In this case, the safety assessment 
needs to concentrate on exposure by external irradiation. In a fuel cycle facility where alpha 
contamination has built up during the operating period, the safety assessment needs to take into 
account also inhalation and ingestion. There are various other aspects which are analysed during the 
radiological characterisation of a facility and to which grading can be applied as well. 

Other qualitative factors can be evaluated as well in the preliminary analysis, such as chemical 
contamination; soil or groundwater contamination at and outside the facility; security level, physical 
structures of facility; surrounding population and land use. 

On the basis of the preliminary analysis, the facility to be decommissioned can be graded (allocated to 
category depending on its hazard potential). Different countries apply different categorisation, 
however the following general categorisation scheme describes the general approach very well while 
specific categories may have a different meaning in regulations of a specific country: 

Category A - a major impact on the public; 
Category B – more than a minor radiological safety significance; 
Category C – no more than a minor radiological safety significance; 
Category D – no radiological safety implication. 

The lesson learned is that upon completion of step 2 the operator and safety assessor should have a 
clear idea of the need of level of detail for the safety assessment during decommissioning on the basis 
of qualitative preliminary assessment of the facility and decommissioning activities. 

4.2. Radiological categorisation (zoning) of the facility’s structures and systems  
It is a common approach to divide the facility into various categories in terms of types of activity or 
contamination levels, particularly with respect to material management during decommissioning. In 
the categorisation process, boundaries or areas (also called zones) in the facility or between systems 
with similar characteristics are established. In its simplest form, a boundary between “(potentially) 
contaminated” and “(predominantly) uncontaminated” parts of the facility is determined. A more 
refined approach may be the following: 

� Areas which are definitely not contaminated (e.g. administrative areas); 

� Areas which may be contaminated; 

� Areas with (loose) contamination with significant content of alpha emitters or other 
radionuclides with high inhalation/ingestion dose coefficients; 

� Areas with high dose rates where restrictions for access and for work apply; 

� Areas with high dose rates where access is not possible. 

An approach to establish such categories can rely on various methods, giving room for grading, such 
as:

� The use of the detailed facility history in combination with the analysis of the systems (purpose 
and operation of each component, connection between systems in normal operation conditions, 
during refurbishment etc.) requires little effort in comparison to a detailed sampling programme.  

� Taking samples for confirmation of the conclusions drawn from facility history and system 
analysis. In this case, samples at selected places (e.g. before and after a presumed boundary of 
an area) would be taken to see if the relevant feature (e.g. alpha contamination) is confined to 
the particular area as assumed.  

� If the assumptions on the nuclide composition in the contamination are reasonably accurate, 
effort can be saved by performing simpler measurements, e.g. dose rate measurements instead 
of gamma spectrometry. 
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� A much more complex approach would consist in performing a complete sampling and 
measurement programme.  

A lesson learned from accomplishing the tasks of step 2 is that categorization of  areas within a 
facility under decommissioning can focus and direct the identification of most relevant and critical 
hazards that need to be evaluated during decommissioning. 

5. The graded approach in safety assessments for decommissioning 
Safety assessments for decommissioning of facilities using radioactive material, i.e. the calculation of 
effective doses or risk to workers performing the decommissioning activities or to members of the 
public may range from simpler tasks for small facilities with a low activity inventory (e.g. research 
laboratory) to complex calculations and modelling in cases of large research reactors, nuclear power 
plants or larger fuel cycle facilities. The various steps of the safety assessments [7] (i.e. assessment 
framework, description of facility and decommissioning activities; hazards analysis, evaluation of 
results and identification of controls) leave considerable room for applying the graded approach. 
Therefore, only some aspects can be presented in this paper. 

A general idea of grading these assessments is provided in the following figure where the sequences 
for decommissioning of various types of facilities with increasing level of complexity (from bottom to 
top) are depicted. Each rectangle is meant to represent a phase of the decommissioning project. The 
colours represent the complexity of the safety assessment to be performed. The figure indicates that 
safety assessments for the initial phases tend to be more complex than those for the later phases. 
Grading of the safety assessments therefore needs to be seen as depending on the type of the facility as 
well as on the complexity of decommissioning work which is to be carried out and the hazard 
reduction with time. 
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For example, hazards at workplaces during decommissioning may arise from: 

� From the external irradiation caused by contamination or activation in the structures 
(components, buildings, surfaces etc.);

� From airborne releases during the application of cutting techniques (mainly thermal, but also 
mechanical techniques);

� From aerosols originating from chemical decontamination baths or the application of 
mechanical decontamination techniques; and

� From other sources. 

The third step in a graded approach process needs to concentrate on those hazards and scenarios 
(normal and accidental) of the facility where the highest risks and exposure can be expected. If dose 
rates are generally low and the contamination does not include radionuclides with high inhalation or 

ingestion dose coefficients, the values obtained may be regarded as enveloping for the entire facility. 
In other types of facilities with higher dose rates or more complex contamination situations, it may be 
necessary to perform more detailed measurements and to create more refined maps in two dimensional 
or three dimensional formats including the models of rooms and equipment to be decommissioned.  

In addition, industrial hazards need to be taken into account in assessing worker’s safety.  

Each of these steps may require significant effort for data collection, modelling and calculation. 
Therefore the lesson learned from step 3 of the graded approach process is that it can be carried out: 

� By using enveloping approaches and methods by which compliance with limits is demonstrated 
using simple approaches which overestimate the real situation, or 

� By limiting the effort in the assessment to those hazards, which are most relevant to safety and 
on which the assessment results will depend to the largest extent. 

6. Grading of application of the safety assessment results 
The level of detail in which safety assessments results are implemented in the practical 
decommissioning activities is mainly determined by the considerations given above in steps 1, 2 and 3. 
The assessment results can also affect: 

a. The grading and prioritization of the safety related documents and procedures for 
decommissioning, that need to be applied, and later archived for future generations use; 

b. The grading and prioritization of emergency procedures which will be based on the accidental 
scenarios results; 

c. The grading and emphasis of decommissioning training of the personnel; 

d. The establishment of project management priorities during different decommissioning phases, 
etc. 

7. Conclusions 
The application of the graded approach in performing safety assessments for the decommissioning of 
facilities using radioactive material is a general safety requirement [2]. It can save substantial efforts in 
development and review of safety assessments and can help to direct these analyses to safety relevant 
areas and hazards and to avoid wasting resources on irrelevant aspects which are covered by other 
parts of the assessment. There are examples for the application of the graded approach from a large 
number of decommissioning projects as well as from various countries and DeSa project is working on 
consolidation of the lessons learned from the applications. 

Application of the graded approach will also become apparent when analysing safety assessments of 
differing levels of complexity for the three Test Cases within the DeSa Project, as working groups are 
currently performing safety assessments for a nuclear power plant, for a research reactor and for a 
laboratory to which the methodology developed within the DeSa framework is applied [7]. The 
characteristics of these assessments will be analysed by the Graded Approach Working Group with 
respect to the aspect of grading. As a result, the report currently being developed by the Graded 
Approach Working Group will be closer linked to the rest of the DeSa framework, thus providing 
adequate examples to illustrate grading in each step of safety assessments for decommissioning. 

It is expected that the DeSa project will provide practical recommendations to operators and 
regulatorson application of the graded approach in the development and review of safety assessments 
for decommissioning. It is also envisaged that the project outcomes will provide useful basis for the 
finalisation of the IAEA new Safety Guide DS376 on Safety Assessment for Decommissioning. 
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Abstract. The report is devoted to cumulative experience of state safety regulation of activity termination 
and decommissioning of Nuclear Research Facilities (NRF)1 in the Russian Federation (Russia) and includes a 
brief overview of the following issues: 

1. Legislative and regulatory infrastructure for safety of NRF.  

2. Principal arrangements for work and safe strategies of NRF decommissioning. 

3. Lessons learned of the state regulatory practice of NRF decommissioning.  

1. Introduction 
The majority of Russian nuclear research facilities (NRFs) that are now terminating their nuclear 
activity are located in towns or in settlements. Their design, construction, and start of operation was in 
the period of the 1950s to 1970s, when an adequate basis for safety of nuclear and radiation hazardous 
activities has not been developed yet. Problems of NRF ageing, decommissioning of NRF, accounting 
of nuclear materials and radioactive substances and their physical protection had not been considered 
at this time.  

At present more then half of the operated NRFs in Russia are more than 30 years old. The list of 
NRFs, which are in final shutdown or in decommissioning2, is given in Table 1. 

Table 1. Nuclear Research Facilities in decommissioning or in final shutdown mode 

� NRF, Location Type/Power, MWt Startup/ Shutdown 
1.    RRs in decommissioning 

1 ARBUS-ACT-1, 
Dimitrovgrad 

Tank, organic cooling/12  August 1963/May 1988 

2 TVR, Moscow Tank, channel, heavy water/2.5  April 1949/1986 
3 IBR-30, Dubna Pulse booster/0.025 in pulse January 1969/June 2001 

2. RRs in final shutdown mode 
1 �R, Moscow Pool, channel/50  December1964/December 

1992 
2 AM, Obninsk U- graphite, channel/10  June 1954/April 2002 
3 BR-10, Obninsk Tank, liquid metal, fast/8 January 1959/October 2002 

2. CAs in decommissioning  
1 SGO, Obninsk Heterogeneous core 1969-1993 
2 RF-GS, Obninsk Homogeneous solution 1962- 2003 

                                                           
1 NRF - will be interpreted as structures and complexes designed for utilization of neutrons and ionizing radiation for research purposes such as civil research nuclear 

reactors (RR), critical (CA) and subcritical (SCA) nuclear assembles.

2 Final shutdown – is the mode of NRF operation that includes preparation for decommissioning, unloading of nuclear materials from the reactor core and their removal from 

the NRF site. 

3 Decommissioning – is the activity to be carried out after removal of nuclear materials from the site of NRF and directed to achieve the adjusted final state of the NRF and 

the site.

Athens - Book of Contributed Papers A4.indd   30 2006-11-06   13:14:52



31

IAEA-CN-143/07 

Regulation of activity termination and decommissioning of nuclear research 
facilities in the Russian Federation 

 A.I. Sapozhnikov 

 Department for Safety Regulation of Nuclear Research Facilities,  
 Ship Nuclear Power Installations and Radiation Hazardous Objects, 
 Federal Environmental, Industrial and Nuclear Supervision Service of Russia,  
 Rostechnadzor, 
 Russian Federation 

Abstract. The report is devoted to cumulative experience of state safety regulation of activity termination 
and decommissioning of Nuclear Research Facilities (NRF)1 in the Russian Federation (Russia) and includes a 
brief overview of the following issues: 

1. Legislative and regulatory infrastructure for safety of NRF.  

2. Principal arrangements for work and safe strategies of NRF decommissioning. 

3. Lessons learned of the state regulatory practice of NRF decommissioning.  

1. Introduction 
The majority of Russian nuclear research facilities (NRFs) that are now terminating their nuclear 
activity are located in towns or in settlements. Their design, construction, and start of operation was in 
the period of the 1950s to 1970s, when an adequate basis for safety of nuclear and radiation hazardous 
activities has not been developed yet. Problems of NRF ageing, decommissioning of NRF, accounting 
of nuclear materials and radioactive substances and their physical protection had not been considered 
at this time.  

At present more then half of the operated NRFs in Russia are more than 30 years old. The list of 
NRFs, which are in final shutdown or in decommissioning2, is given in Table 1. 

Table 1. Nuclear Research Facilities in decommissioning or in final shutdown mode 

� NRF, Location Type/Power, MWt Startup/ Shutdown 
1.    RRs in decommissioning 

1 ARBUS-ACT-1, 
Dimitrovgrad 

Tank, organic cooling/12  August 1963/May 1988 

2 TVR, Moscow Tank, channel, heavy water/2.5  April 1949/1986 
3 IBR-30, Dubna Pulse booster/0.025 in pulse January 1969/June 2001 

2. RRs in final shutdown mode 
1 �R, Moscow Pool, channel/50  December1964/December 

1992 
2 AM, Obninsk U- graphite, channel/10  June 1954/April 2002 
3 BR-10, Obninsk Tank, liquid metal, fast/8 January 1959/October 2002 

2. CAs in decommissioning  
1 SGO, Obninsk Heterogeneous core 1969-1993 
2 RF-GS, Obninsk Homogeneous solution 1962- 2003 

                                                           
1 NRF - will be interpreted as structures and complexes designed for utilization of neutrons and ionizing radiation for research purposes such as civil research nuclear 

reactors (RR), critical (CA) and subcritical (SCA) nuclear assembles.

2 Final shutdown – is the mode of NRF operation that includes preparation for decommissioning, unloading of nuclear materials from the reactor core and their removal from 

the NRF site. 

3 Decommissioning – is the activity to be carried out after removal of nuclear materials from the site of NRF and directed to achieve the adjusted final state of the NRF and 

the site.

Athens - Book of Contributed Papers A4.indd   31 2006-11-06   13:14:52



32

Ageing of equipment, systems and buildings related to safety was one of the major causes of 
terminating NRF activities. In 2002 the Regulatory Authority of Russia developed and put in force the 
regulation NP-024-2000 “Requirements for justification of a possibility to extend design service life of 
facilities and installations of nuclear energy use”. According to the requirements of this document, if 
the prescribed life time of equipment (elements) exceed a 30 year period, work shall be performed to 
recognize deficiencies of safety on the basis of established criteria and to eliminate them for further 
safe operation. To gain the license for extension of NRF operation, the justification shall be provided 
to prolong the life time of systems, equipment and buildings. If justification is not provided the 
decision is taken to terminate the NRF activity. 
As a result of inspections at the NRFs, the existing safety problems can be classified as organizational, 
technical, and regulatory problems. The list of major safety problems of NRFs in Russia including 
activity termination and decommissioning3 problems is given in [1]. 

2. Legislative and regulatory infrastructure for the safety of NRF  
The Federal Environmental, Industrial and Nuclear Supervision Service of Russia (Rostechnadzor) is 
the Executive Authority for state safety regulation of the use of atomic energy within the territory of 
Russia excluding nuclear weapon facilities and nuclear power facilities used for military purpose 
[2].The legal framework and set of documents for state safety regulation for the use of atomic energy 
are given in [3]. Below the specific requirements for NRF activity termination and decommissioning 
are briefly described. The activity in the field of the use of atomic energy for peaceful and defense 
purposes  (excluding nuclear weapon and military nuclear power installations) is regulated by the 
Federal Law "About the Use of Atomic Energy" dated November 21,1995, �170-FZ.
Financing of activities associated with NRF decommissioning is provided by the Federal Fund. The 
forming and spending of this Federal Fund is determined by: 

- The Order of Government of Russian Federation “About financing the works on 
decommissioning of nuclear installations, radioactive sources, disposal facility of nuclear 
materials, radioactive substances and radioactive waste, research and development activities to 
justify and enhance safety of these objects” dated April 02, 1997, � 367; 

- The Order of Government of Russian Federation “About rules to allocate funds of 
organizations, which operate specially dangerous plants and objects (excluding Nuclear Power 
Plants), for resources creation to provide safety at all stages of their life time and development” 
dated September 21, 2005, �576.

The main safety requirements that reflect the Russian experience of NRFs activity termination are 
contained in the national standards and regulations (Federal Norms and Rules - Federal N&R): 

- NP-033-01, “General regulations for NRF safety”, in force dated June 1, 2002;  

- NP-028-01, “Safety Rules for Decommissioning of Nuclear Research Facilities”, in force dated 
October 1, 2001; 

- NP-042-02, “Requirements for Quality Assurance Program of Nuclear Research Facilities”, in 
force dated September 1, 2003. 

In these documents the specific regulatory requirements for decommissioning are reflected as the 
following:

- The design of an NRF shall provide methods and technique for reprocessing, standardization 
and storage of radioactive waste (RAW); technologies for decontamination, fragmentation and 
dismantling of equipment; techniques for RAW transportation; and account of chemical 
composition of materials and elements that are used; 

- When the NRF is in operation, a data base shall be implemented with information that will be 
necessary to support preparatory work and decommissioning; 

- During the preparatory work, the Principal Program, Decommissioning Plan, Safety Assessment 
Report of NRF decommissioning (D&D SAR), and the Quality Assurance Program for NRF 
decommissioning (D&D QA) shall be developed. 

A Decommissioning Plan for CA (SCA) is not required if the D & D SAR determines that the 
radiation detriment of forthcoming work is negligible. 

Before the beginning of decommissioning activities the operating organization shall gain a license 
from Rostechnadzor for NRF decommissioning.  

According to Federal Law, if the Utility is not able to secure conditions of nuclear and radiation 
safety, physical protection of nuclear materials at NRF, and the removal of nuclear materials and 
RAW, the higher state nuclear Executive Authority shall designate another operating organization to 
perform the decommissioning of the NRF. 

It has to be stressed the necessity to develop methods of NRF spent (irradiated) fuel classification for 
its further utilization or reprocessing. 

The legislative fundamentals of radiation safety are established by Federal Law "About Radiation 
Safety of the Population" dated January 9, 1996, �3-FZ. Safety requirements to secure radiation 
safety are set up in following Federal N&R: 

- NRB-99* “Radiation Safety Norms”, in force dated September 8, 1999;  

- OSPORB-99*, “General Sanitary Rules for Ensuring of the Radiation Safety”, dated September 
1, 2000; 

- SPORO-2002*, “Sanitary rules on radioactive waste management”, dated January 1,2003; 

-  SP IR-03, “Sanitary Rules on Design and Operation of Research Nuclear Reactors”, dated June 
20, 2003. 

Three classes of exposure norms are specified for people (NRB-99): basic dose limits; permissible 
levels of multi-factors impact (for one radionuclide, for one way of radiation penetration or one kind 
of external exposure) that are derived from basic dose limits; and administrative levels that specify 
organizational levels of radiation safety and secure conditions when an exposure to radiation less than 
normative levels. 

For handling with materials and equipment, which are contaminated or include radionuclides, the 
criteria to release them for unrestricted use into the economy is an expected effective dose to 
individuals not more than 10 mSv per year and an annual collective effective dose not more than          
1 man-Sv.  

For solid materials, equipment that include radionuclides with activity less than 0,3 kBq/kg there is no 
limitation for their use in the public domain. Materials, equipment and raw materials that have specific 
alpha-activity from 0.3 to 10 kBq/kg, specific beta-activity from 0.3 to 100 kBq/kg or include 
transuranium radionuclides from 0.3 to 1.0 kBq/kg  can be used only restrictedly on the basis of State 
Sanitary Supervision Office permission issued for a defined kind of purpose (OSPORB-99).  

Collection and storage of RAW is performed in accordance with requirements of following Federal 
N&R:

- NP-019 2000*, “Collection, Reprocessing and Storage of Liquid Radioactive Waste”, Safety 
Requirements.  

- NP-020-2000*, “Collection, Reprocessing and Storage Solid Radioactive Waste”, Safety 
Requirements.  

- NP-021-2000*, “Gaseous Radioactive Waste Management”, Safety Requirements.  

During decommissioning of a NRF, all materials, elements of equipment and pieces of buildings shall 
be under radiation control and as a result they have to be sorted as either RAW, materials for reuse or 
industrial wastes. Liquid and solid RAW shall be classified according to the requirements of the 
OSPORB-99.  
3According to RB-023-02 “Recommendations on establishing of the criteria for acceptance of 
conditioned RAW during its storage and disposition” if the design of a NRF does not determine 
                                                           
4 Mark * means that document concerns to all objects of the use of atomic energy
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conditioned RAW during its storage and disposition” if the design of a NRF does not determine 
                                                           
4 Mark * means that document concerns to all objects of the use of atomic energy
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method, place and term of disposition of RAW, the cask for RAW storage shall keep its integrity 
during the expected time of its storage till final disposition and it shall prevent the diffusion of 
radionuclides from the RAW to environment. This regulatory approach allows to carry out NRF 
decommissioning when a facility for disposal of RAW from NRF is temporary absent. 

Nowadays the preparatory work to develop a Federal Law about handling RAW in Russia is being 
performed. 

An interaction between the society and environment is regulated by Federal Law “On the Protection of 
Environment” dated January 10, 2002, �7-FZ. The rules of authorization for the specifications for 
limits of permissible concentration of harmful substances in the environment was developed by Order 
of Government of Russian Federation from March 10, 2000, �208.  

The arrangement of ecological expertise is regulated by Federal Law “About an ecological expertise” 
dated November 23, 1996 (�174-FZ) with amendment of Federal Law dated August 22, 2004 �122-
FZ. An ecological examination is carried out for planned economic activities to prevent probable 
unfavorable impact to environment. The documents stated that an operating organization that has a 
license for NRF decommissioning are subject to state ecological expertise at the federal level. 

As a whole, the national legal framework and set of safety regulations of activity termination and 
decommissioning of NRFs in Russian were harmonized with IAEA standards and regulations [4]. 

3. Principal arrangements for work and safe strategies of NRF decommissioning 
Major results of a regulatory approach to plan NRF activity termination and to choose a 
decommissioning strategy were analyzed according to two specific groups of NRFs: 

- Research Reactors (RRs) with fixed neutron-flux density;  

-  Stands with heterogeneous critical (CAs)  and subcritical nuclear assemblies.  

Pulse research reactors and research reactors with homogeneous core occupy an intermediate position 
in rate of methodology and strategy of decommissioning. 

RRs with fixed neutron-flux density are posed as the most potentially hazardous facilities because of 
the large amount of fission products in the spent fuel, necessity to disposal the RAW of high level of 
radiation, and the high level of induced activity in the biological shield, metallic components and 
equipment. As a rule, the strategy of “deferred dismantling” and “safe storage” is applied with 
surveillance of NRF site during the long time used to reduce the induced activity of the constructional 
material of the facility to acceptable levels. 

For some types of NRFs, full unloading of nuclear materials from the reactor core as well as full 
removing of radioactive coolant from the technological system or equipment are possible during the 
dismantling of the reactor’s components according to the Decommissioning Plan of NRF (as 
examples, IBR-30 and BR-10 correspondingly). 

Heterogeneous critical assembles, which have a thermal power of less than 1 kWt; burst-pulse RRs 
including RRs of the solution type and also SCA have the following particular features different from 
RRs having fixed neutron-flux density: 

- Irradiated fuel may be considered as "fresh fuel"; 

- Fuel storage does not require a special cooling system so temporary storage at the NRF is 
possible until its removal from the facility; 

- Fuel does not include fission products of high radioactivity so technologies for decontamination 
and refinement are not required, as a rule, to further use this fuel at similar facilities or before 
transportation to a reprocessing plant; 

- Induced radioactivity in the biological shield, metal components and internal elements is low or 
negligible;  

- The level of surface contamination indoors by alpha- and beta- nuclides does not exceed the 
authorized level and the surface can be easy decontaminated; 

- Liquid RAW (if there is any) are at a low radioactive level and is accumulated in a small 
quantity during normal (non emergency) operation;  

- Practically all technological operations  such as core unloading, handling of fuel assembles, 
dismantling of equipment, decontamination of surface and equipment are regulated by operating 
instructions, that can be used for final shutdown of the NRF and decommissioning without 
essential changes. 

In view of the aforesaid specifics of NRFs, the “immediate dismantling” strategy is usually used for 
activity termination. The scope of work and the term of decommissioning can be significantly less 
than for decommissioning of RRs with fixed neutron-flux density. The period of NRF 
decommissioning depends on financial conditions of operating organization.  

Two versions of further utilization of the facility site are applied at the final stage of decommissioning: 

1) exclusion of the NRF from the sphere of state regulatory control if clearance of site was achieved; 
or

2) conversion of the status of the facility, for example to a storage facility for RAW or radioactive 
substances.

To exclude a NRF from the sphere of state regulatory control, the operating organization has to submit 
to Rostechnadzor a set of documents including a summary and final report on the end state of 
decommissioning, the result of radiation monitoring of indoors and on the former NRF site, and 
information about the disposition of the radiometer waste. The Inspectorate of Rostechnadzor controls 
the submitted information and sends the report to Headquarters to confirm reliability of this 
information. On the basis of the information submitted by the operating organization and the 
inspection report, Rostechnadzor makes a decision to exclude or not to exclude NRF from the sphere 
of state regulatory control.

To change the status of the facility, the operating organization has to exclude the former NRF from the 
sphere of state regulatory control and submit to Rostechnadzor all documents justifying the safety of 
commissioning (reconstruction) of a new facility for the use of atomic energy to gain an appropriate 
license.  

4. Lessons learned of the state regulatory practice of NRF decommissioning  
Planning for the Principal Program and Decommissioning Plan shall be based on the results of 
comprehensive surveillance and radiation monitoring of systems, equipment and building of a NRF. 
Safe termination of the nuclear activity at a NRF and then decommissioning is based on the key issues 
such as licensing; opportunity of utilization of nuclear fuel, radioactive coolant and substances; 
existence of proper management, personnel and financing; constrain personnel dose to radiation at 
optimal level, and minimization of radioactive waste.  The national legislative framework and set of 
regulations shall include requirements for key issues of safety for long term NRF decommissioning.  

The decommissioning strategy for powerful NRF includes four stages: 

- Preparation to decommission and partial dismantling of equipment; 

- Localization of some equipment and part of high level radioactive waste; 

- Long term storage of localized elements with regulatory surveillance;   

- Dismantling of residuary equipment of the reactor and disposal, if possible, of some localized 
elements at the place of their location. 

The decommissioning strategy of a NRF of small power includes two stages: 1) preparation to 
decommission and partial dismantling of equipment; and 2) exclusion of NRF from the sphere of state 
regulatory control or conversion of the status of the facility to another purpose using atomic energy. 

In circumstances of limited budgetary funds, the financing during termination of the activity and 
decommissioning of a NRF should be concentrated directly to scientific centers first of all in the 
following sphere of safety: 
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Heterogeneous critical assembles, which have a thermal power of less than 1 kWt; burst-pulse RRs 
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- Induced radioactivity in the biological shield, metal components and internal elements is low or 
negligible;  
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authorized level and the surface can be easy decontaminated; 
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In view of the aforesaid specifics of NRFs, the “immediate dismantling” strategy is usually used for 
activity termination. The scope of work and the term of decommissioning can be significantly less 
than for decommissioning of RRs with fixed neutron-flux density. The period of NRF 
decommissioning depends on financial conditions of operating organization.  

Two versions of further utilization of the facility site are applied at the final stage of decommissioning: 

1) exclusion of the NRF from the sphere of state regulatory control if clearance of site was achieved; 
or

2) conversion of the status of the facility, for example to a storage facility for RAW or radioactive 
substances.

To exclude a NRF from the sphere of state regulatory control, the operating organization has to submit 
to Rostechnadzor a set of documents including a summary and final report on the end state of 
decommissioning, the result of radiation monitoring of indoors and on the former NRF site, and 
information about the disposition of the radiometer waste. The Inspectorate of Rostechnadzor controls 
the submitted information and sends the report to Headquarters to confirm reliability of this 
information. On the basis of the information submitted by the operating organization and the 
inspection report, Rostechnadzor makes a decision to exclude or not to exclude NRF from the sphere 
of state regulatory control.

To change the status of the facility, the operating organization has to exclude the former NRF from the 
sphere of state regulatory control and submit to Rostechnadzor all documents justifying the safety of 
commissioning (reconstruction) of a new facility for the use of atomic energy to gain an appropriate 
license.  

4. Lessons learned of the state regulatory practice of NRF decommissioning  
Planning for the Principal Program and Decommissioning Plan shall be based on the results of 
comprehensive surveillance and radiation monitoring of systems, equipment and building of a NRF. 
Safe termination of the nuclear activity at a NRF and then decommissioning is based on the key issues 
such as licensing; opportunity of utilization of nuclear fuel, radioactive coolant and substances; 
existence of proper management, personnel and financing; constrain personnel dose to radiation at 
optimal level, and minimization of radioactive waste.  The national legislative framework and set of 
regulations shall include requirements for key issues of safety for long term NRF decommissioning.  

The decommissioning strategy for powerful NRF includes four stages: 

- Preparation to decommission and partial dismantling of equipment; 

- Localization of some equipment and part of high level radioactive waste; 

- Long term storage of localized elements with regulatory surveillance;   

- Dismantling of residuary equipment of the reactor and disposal, if possible, of some localized 
elements at the place of their location. 

The decommissioning strategy of a NRF of small power includes two stages: 1) preparation to 
decommission and partial dismantling of equipment; and 2) exclusion of NRF from the sphere of state 
regulatory control or conversion of the status of the facility to another purpose using atomic energy. 

In circumstances of limited budgetary funds, the financing during termination of the activity and 
decommissioning of a NRF should be concentrated directly to scientific centers first of all in the 
following sphere of safety: 
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- Assessment of deficiency for NRF safety, study of feasibility to prolong their operation or their 
reconstruction and modernization accordance to up-to-day safety requirements; 

- Refreshment of the territory of scientific centers;  

- Reprocessing of spent fuel;  

- Utilization of radioactive substances and radioactive waste. 
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Abstract. Decommissioning is one of the important activities in the utilization of nuclear energy. 
Controlling the decommissioning project is, therefore, one of the important regulatory tasks in order to protect the 
safety and health of workers, public and environment. To do so, clear regulations shall be provided by the regulatory 
body (BAPETEN). In the Indonesia regulatory system, the Act No.10/1997 on Nuclear Energy and BAPETEN’s 
Chairman Decree No. 07-P/2002 are the legal bases for controlling the decommissioning of non-reactor nuclear 
installations. However, due to some cases that are possible to happen unexpectedly, it is recognized that there are 
some challenges to the regulatory system, that have to be solved or anticipated in the future. The present paper 
discusses such challenges and possible efforts that can be done to anticipate the challenges.  

1. Introduction 
The Nuclear Energy Regulatory Agency (BAPETEN) is the Indonesian national regulatory authority with 
the main task to control the utilization of nuclear energy in Indonesia, in order to protect the safety of 
workers, public and environment. The Act No. 10 Year 1997 on Nuclear Energy [1] stipulates that the 
nuclear energy utilization in the research and other application using nuclear installation is to be controlled 
from the site selection and facility construction through operation and until decommissioning is 
completed. 

Currently, BAPETEN has been focusing its concern on the decommissioning stage of the nuclear 
installations since some of them are approaching the end of their operational life time. Especially for 
controlling the activities of the decommissioning project of non-reactor nuclear installations, BAPETEN 
has established a more detailed regulation, i.e. the BAPETEN’s Chairman Decree (BCD) No. 07-P/2002: 
Guideline on Decommissioning of Medical, Industrial, Research Facilities and Decommissioning of Non-
Reactor Nuclear Installations [2].  

Despite the two legal bases for regulatory control on decommissioning, it is realized that BAPETEN still 
needs to establish more regulations. This is because many problems or unexpected cases that may be 
encountered in the future have not been anticipated in the current regulations. In other words, there are 
some regulatory challenges in controlling the decommissioning activities. In this paper, some identified 
cases or challenges are discussed. However, more detailed studies are required to obtain a better insight 
into the decommissioning problems in the frame of improving the existing regulations. 

2. Regulatory framework 
As mentioned earlier, the Act No 10 Year 1997 on Nuclear Energy is the main legal basis for BAPETEN 
to conduct the control of the nuclear energy utilization. To enforce the above act, BAPETEN has 
stipulated the lower level regulations, one of which is BCD No. 07-P/2002, which is the regulation for 
Decommissioning of Medical, Industrial, Research Facilities and Decommissioning of Non-Reactor 
Nuclear Installations. 

In the safety principle, for utilization of the nuclear energy, the operator has utmost responsibility in 
maintaining the safe operation of the nuclear facilities. BAPETEN as the regulatory authority shall ensure 
that the operator will and always satisfies all safety requirements through all stages, i.e during plant 
construction, operation and decommissioning. To meet the principle, before constructing and operating the 
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needs to establish more regulations. This is because many problems or unexpected cases that may be 
encountered in the future have not been anticipated in the current regulations. In other words, there are 
some regulatory challenges in controlling the decommissioning activities. In this paper, some identified 
cases or challenges are discussed. However, more detailed studies are required to obtain a better insight 
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nuclear facility, the operator/applicant shall conduct safety assessments, based upon which the Safety 
Analysis Report (SAR) is formulated. The SAR is submitted to BAPETEN to be reviewed by the staff of 
BAPETEN. Based on the results of the safety review, BAPETEN will issue licenses. During the 
construction and operation stages, BAPETEN may inspect the facility, to verify that all data proposed in 
the SAR meet with those at the site and all safety requirements are satisfied. 

When the nuclear facility has come to the end of its operational time limit as designed or stated in the 
license, and no more extension of operation is intended, the facility shall be decommissioned. However, 
the operator shall obtain the decommissioning permit/license by submitting a decommissioning 
programme to BAPETEN beforehand. Upon receiving the decommissioning programme, BAPETEN 
carries out a review and assessment to ensure that all aspects relating to safety have been taken into 
account in planning the decommissioning project. The review and assessment is also intended to 
acknowledge the operator’s commitment to protect the safety of workers, public and environment during 
implementation of the programme.  

BCD No. 07-P/2002 is a specific regulation and guide for the operator in satisfying all safety requirements 
relating to the decommissioning of the non-reactor nuclear installations, so that the undue risk to safety 
and health of the workers, public and environment during the decommissioning activities can be 
eliminated or minimized. The BCD also gives guidance to BAPETEN staff in reviewing and evaluating 
the decommissioning programme submitted by the applicant, and also in controlling the programme’s 
implementation.  

The following aspects are included in the BCD No. 07-P/2002 [2, 3]: 

Safety Assessment for Decommissioning 

Before starting decommissioning activities, a safety assessment shall be carried out by the operator in 
order to identify potential hazards that may rise during and after the decommissioning project. Both 
radiological and non-radiological hazards should be taken into account in the safety assessment. In the 
case where the facility has a potential for a nuclear criticality to occur; the safety assessment should be 
focused on the criticality phenomenon. 

The aspects generally considered in the safety assessment are [2, 3]: 

(a) Radioactive material inventory; 

(b) Radiological and non-radiological hazards; 

(c) Radiological protection; 

(d) Deferred dismantlement; 

(e) Clearance level; and 

(f) Decommissioning options. 

Decommissioning Plan and Implementation 

Decommissioning should be planned as early as possible during the construction or operation stage, and 
should be reviewed and updated regularly taking into account new technology or modification for the 
systems or components in the facility. The final decommissioning plan shall be based on the safety 
assessment results and the decommissioning plan is then submitted to BAPETEN as the Decommissioning 
Programme for subject of review in order to obtain the decommissioning permit.  

The licensee can start decommissioning activities after receiving the permission. The activities which are 
usually conducted during the decommissioning are [3]: 

� Removing the radioactive sources; 

� Decontamination; 

� Dismantling; 

� Radiological protection; 

� Environmental monitoring; 

� Physical protection; 

� Waste management; and 

� Radiological survey (in final stage). 

Licensing and Inspection 

As stated earlier, the operator shall obtain a permit from BAPETEN before starting the decommissioning 
activities. To do so, the operator shall submit the Decommissioning Programme, which is formulated 
based on the initial decommissioning plan and safety assessment results. The programme should also take 
into account the new technology, new safety requirements and any modification for the components and 
systems in the plant. The programme will be reviewed and evaluated by BAPETEN to ensure that the 
proposed programme meets all regulatory requirements. BAPETEN may conduct pre-inspections to verify 
the data given in the programme. The decommissioning permit will be issued when BAPETEN has been 
convinced that all requirements are satisfied. 

During the decommissioning activities, BAPETEN may also perform inspections, to check whether the 
decommissioning has been executed properly as stated in the Decommissioning Programme and meet all 
safety requirements. After all decommissioning activities have finished, BAPETEN will carry out the final 
inspections and declare that the decommissioning project has been finished. 

Reporting

The licensee shall submit to BAPETEN a report after decommissioning has been finished. BAPETEN will 
then conduct final inspections to verify that the facility has been completely decommissioned and the 
radiological wastes are properly and safely managed. Eventually BAPETEN will declare that the facility’s 
site can be used for non-nuclear activities. 

3. Current status of non-reactor nuclear installations 
Currently, there are five non-reactor nuclear installations in Indonesia. As shown in Table 1 below, four 
installations are in operation, and one is under decommissioning. 

Table 1. Non-reactor nuclear installations in Indonesia 

No Name of Facility Location Owner Operational
Status

1 MTR-Type Fuel Element 
Fabrication Plant 

Serpong BATEK, Ltd. Operation 

2 Experimental Fuel Element 
Research Facility 

Serpong BATAN Operation 

3 Radio-Metallurgical Research 
Facility  

Serpong BATAN Operation 

4 Interim Storage for Spent Fuel Serpong BATAN Operation 

5 Uranium Recovery Plant Gresik PKP, Ltd Decommissioning 
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nuclear facility, the operator/applicant shall conduct safety assessments, based upon which the Safety 
Analysis Report (SAR) is formulated. The SAR is submitted to BAPETEN to be reviewed by the staff of 
BAPETEN. Based on the results of the safety review, BAPETEN will issue licenses. During the 
construction and operation stages, BAPETEN may inspect the facility, to verify that all data proposed in 
the SAR meet with those at the site and all safety requirements are satisfied. 

When the nuclear facility has come to the end of its operational time limit as designed or stated in the 
license, and no more extension of operation is intended, the facility shall be decommissioned. However, 
the operator shall obtain the decommissioning permit/license by submitting a decommissioning 
programme to BAPETEN beforehand. Upon receiving the decommissioning programme, BAPETEN 
carries out a review and assessment to ensure that all aspects relating to safety have been taken into 
account in planning the decommissioning project. The review and assessment is also intended to 
acknowledge the operator’s commitment to protect the safety of workers, public and environment during 
implementation of the programme.  

BCD No. 07-P/2002 is a specific regulation and guide for the operator in satisfying all safety requirements 
relating to the decommissioning of the non-reactor nuclear installations, so that the undue risk to safety 
and health of the workers, public and environment during the decommissioning activities can be 
eliminated or minimized. The BCD also gives guidance to BAPETEN staff in reviewing and evaluating 
the decommissioning programme submitted by the applicant, and also in controlling the programme’s 
implementation.  

The following aspects are included in the BCD No. 07-P/2002 [2, 3]: 

Safety Assessment for Decommissioning 

Before starting decommissioning activities, a safety assessment shall be carried out by the operator in 
order to identify potential hazards that may rise during and after the decommissioning project. Both 
radiological and non-radiological hazards should be taken into account in the safety assessment. In the 
case where the facility has a potential for a nuclear criticality to occur; the safety assessment should be 
focused on the criticality phenomenon. 

The aspects generally considered in the safety assessment are [2, 3]: 

(a) Radioactive material inventory; 

(b) Radiological and non-radiological hazards; 

(c) Radiological protection; 

(d) Deferred dismantlement; 

(e) Clearance level; and 

(f) Decommissioning options. 

Decommissioning Plan and Implementation 

Decommissioning should be planned as early as possible during the construction or operation stage, and 
should be reviewed and updated regularly taking into account new technology or modification for the 
systems or components in the facility. The final decommissioning plan shall be based on the safety 
assessment results and the decommissioning plan is then submitted to BAPETEN as the Decommissioning 
Programme for subject of review in order to obtain the decommissioning permit.  

The licensee can start decommissioning activities after receiving the permission. The activities which are 
usually conducted during the decommissioning are [3]: 

� Removing the radioactive sources; 

� Decontamination; 

� Dismantling; 

� Radiological protection; 

� Environmental monitoring; 

� Physical protection; 

� Waste management; and 

� Radiological survey (in final stage). 

Licensing and Inspection 

As stated earlier, the operator shall obtain a permit from BAPETEN before starting the decommissioning 
activities. To do so, the operator shall submit the Decommissioning Programme, which is formulated 
based on the initial decommissioning plan and safety assessment results. The programme should also take 
into account the new technology, new safety requirements and any modification for the components and 
systems in the plant. The programme will be reviewed and evaluated by BAPETEN to ensure that the 
proposed programme meets all regulatory requirements. BAPETEN may conduct pre-inspections to verify 
the data given in the programme. The decommissioning permit will be issued when BAPETEN has been 
convinced that all requirements are satisfied. 

During the decommissioning activities, BAPETEN may also perform inspections, to check whether the 
decommissioning has been executed properly as stated in the Decommissioning Programme and meet all 
safety requirements. After all decommissioning activities have finished, BAPETEN will carry out the final 
inspections and declare that the decommissioning project has been finished. 

Reporting

The licensee shall submit to BAPETEN a report after decommissioning has been finished. BAPETEN will 
then conduct final inspections to verify that the facility has been completely decommissioned and the 
radiological wastes are properly and safely managed. Eventually BAPETEN will declare that the facility’s 
site can be used for non-nuclear activities. 

3. Current status of non-reactor nuclear installations 
Currently, there are five non-reactor nuclear installations in Indonesia. As shown in Table 1 below, four 
installations are in operation, and one is under decommissioning. 

Table 1. Non-reactor nuclear installations in Indonesia 

No Name of Facility Location Owner Operational
Status

1 MTR-Type Fuel Element 
Fabrication Plant 

Serpong BATEK, Ltd. Operation 

2 Experimental Fuel Element 
Research Facility 

Serpong BATAN Operation 

3 Radio-Metallurgical Research 
Facility  

Serpong BATAN Operation 

4 Interim Storage for Spent Fuel Serpong BATAN Operation 

5 Uranium Recovery Plant Gresik PKP, Ltd Decommissioning 
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Special attention has been paid to the Uranium Recovery Plant (URP), which is now undergoing 
decommissioning. The URP, founded in 1989, is a facility designed to purify manure materials from 
impurities in the form of uranium with low concentration (several ppm). The purification of the materials 
is intended not only to obtain manure of high quality, but also to have the “yellow cake” of uranium as the 
side product. The Collected uranium is a potential nuclear energy source, such as for nuclear reactor fuels.  

Historically, the URP had been operated for only 3 months, producing about 7000 Kg of uranium yellow 
cake. However, due to some non-technical reasons, the operation was stopped and the plant shut down. 
Since then, the regulatory status of the plant had not been clear (extended shutdown), even though the 
plant was maintained and is secured (physically protected). 

It was not until 2002 that the plant’s owners decided to decommission the plant. They submitted a 
decommissioning programme to BAPETEN. BAPETEN performed a review and assessment of the 
programme, and based on the results of the review and assessment, BAPETEN issued the 
decommissioning permit. Nevertheless, the decommissioning progress was not going as well as expected.   

According to the uranium concentration obtained in the steps of the process, the facility is divided into 
four zones: Zone I (with the highest uranium concentration), Zone II, Zone III and Zone IV (with the 
lowest concentration). Because of its low concentration of uranium included, Zone IV is called a non-
nuclear zone. Decommissioning activities have been conducted intensively in Zone III and IV, from where 
components and structures have been dismantled and reused for non-nuclear activities. However, 
decommissioning activities in Zone I and II have not been started yet, and this is considered to be one of 
many challenges to our regulatory system. 

4. Regulatory challenges  
As mentioned previously, for controlling the decommissioning of non-reactor nuclear installations, 
BAPETEN has 2 legal bases for regulation, i.e. Act No 10 Year 1997 on Nuclear Energy and BCD No. 
07-P/2002: Guideline for Decommissioning of Medical, Industrial, Research Facilities and 
Decommissioning of Non-Reactor Nuclear Installations. However, there remain many problems or 
unexpected cases that may be encountered in the future, which have not been anticipated in the current 
regulations. For instance: 

� Case1. Based on the design requirement or under certain circumstances stated in the regulations, a 
nuclear facility shall be decommissioned, but the operator does not have either technical capability 
or financial support to do; 

� Case2. The decommissioning plan satisfies all safety requirements and a decommissioning permit 
has been issued, but the licensee will not start or conduct the decommissioning; 

� Case3. The decommissioning plan satisfies all safety requirements, decommissioning permit has 
been issued and the decommissioning project has been started, but due some reasons the licensee 
will not complete or finish the decommissioning project; etc.  

Supposed that Case 1 occurs, no action can be taken by BAPETEN. This is because BAPETEN’s position 
is the regulatory body whose task is to control the nuclear activities, not to give the technical or financial 
supports. In this regards, the National Nuclear Energy Agency (BATAN) may be the only national 
institution that could possibly provide them technical support but not the financial support. However, 
BAPETEN can not impose on them to do so because it is not clearly stated in the regulation.    

If Case 2 or 3 happened, then BAPETEN would again be in very difficult position. When the licensee 
does not have willingness to start or to complete the decommissioning activities, the responsibility can not 
be delegated to other person or organization. This is due to the fact that the operating organization of 
current nuclear installations in Indonesia have no guaranteed funds in any trust bank, which can be used 
for funding the decommissioning by a third party. 

The above mentioned cases are merely postulated problems. However, they can challenge our regulatory 
system. BAPETEN, therefore, has to consider, assess and solve or anticipate such cases by taking them 
into account in formulating new regulations or improving the existing ones.  

5. Conclusions
There are five non-reactor nuclear installations in Indonesia, four of which are in operation, and one is 
under decommissioning. For controlling the decommissioning of those installations, BAPETEN has 2 
legal bases for regulation, i.e. Act No 10 Year 1997 and BCD No. 07-P/2002. However, both regulations 
have still not anticipated all the regulatory challenges that might be encountered in the near future. More 
regulations and guidance are needed to be established by BAPETEN in order to complete the current 
regulations so that problems can all be anticipated. 
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� Case2. The decommissioning plan satisfies all safety requirements and a decommissioning permit 
has been issued, but the licensee will not start or conduct the decommissioning; 

� Case3. The decommissioning plan satisfies all safety requirements, decommissioning permit has 
been issued and the decommissioning project has been started, but due some reasons the licensee 
will not complete or finish the decommissioning project; etc.  

Supposed that Case 1 occurs, no action can be taken by BAPETEN. This is because BAPETEN’s position 
is the regulatory body whose task is to control the nuclear activities, not to give the technical or financial 
supports. In this regards, the National Nuclear Energy Agency (BATAN) may be the only national 
institution that could possibly provide them technical support but not the financial support. However, 
BAPETEN can not impose on them to do so because it is not clearly stated in the regulation.    

If Case 2 or 3 happened, then BAPETEN would again be in very difficult position. When the licensee 
does not have willingness to start or to complete the decommissioning activities, the responsibility can not 
be delegated to other person or organization. This is due to the fact that the operating organization of 
current nuclear installations in Indonesia have no guaranteed funds in any trust bank, which can be used 
for funding the decommissioning by a third party. 

The above mentioned cases are merely postulated problems. However, they can challenge our regulatory 
system. BAPETEN, therefore, has to consider, assess and solve or anticipate such cases by taking them 
into account in formulating new regulations or improving the existing ones.  

5. Conclusions
There are five non-reactor nuclear installations in Indonesia, four of which are in operation, and one is 
under decommissioning. For controlling the decommissioning of those installations, BAPETEN has 2 
legal bases for regulation, i.e. Act No 10 Year 1997 and BCD No. 07-P/2002. However, both regulations 
have still not anticipated all the regulatory challenges that might be encountered in the near future. More 
regulations and guidance are needed to be established by BAPETEN in order to complete the current 
regulations so that problems can all be anticipated. 
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Abstract. Since 1940, the United Kingdom’s (UK) nuclear programme has included the 
decommissioning of Research Reactors; Fuel Conversion, Enrichment and Fabrication Plants; Power Reactors, 
and Waste Treatment Plants. The newly formed Nuclear Decommissioning Authority (NDA) has developed a 
programme for all of the UK’s civil nuclear liabilites including five Magnox reactors that are currently 
undergoing decommissioning, two undergoing defuelling and four due to cease operation over the next 5 years. 

The UK Health and Safety Executive’s (HSE) Nuclear Installations Inspectorate (NII) regulates safety and the 
management of radioactive waste at nuclear licensed sites in the United Kingdom. The main legislation is the 
Health and Safety at Work Act 1974 (HSAW74) and its associated statutory provisions, which include the 
Nuclear Installations Act (as amended) 1965 (NIA 65). Additionally, NII enforces the Nuclear Reactors 
(Environmental Impact Assessment for Decommissioning) Regulations 1999. 

Under NIA65, no site may be used for installing or operating any nuclear installation unless a site licence has 
been granted by the HSE. NIA65 allows HSE to attach conditions to the site licence in the interests of safety, or 
with respect to the handling, treatment and disposal of nuclear matter, including radioactive waste. These licence 
conditions include decommissioning arrangements, supervision and control, emergency arrangements, training, 
operating rules and operating instructions.  

NII is reviewing the regulation of decommissioning Magnox power reactors, to ensure its approach to regulation 
remains proportionate and consistent. The review includes consideration of hazard levels and associated risks at 
such sites; public expectations of regulators; regulation of the health and safety of workers; environmental 
impact assessment and management; and the need to optimise the effectiveness of NII’s inspectors. 

The paper summarises UK’s approach to regulation of decommissioning nuclear facilities and presents the 
considerations included within the review of regulation of decommissioning Magnox power reactors.

1. Legislation and UK policy 

1.1 Legislation relating to off- site hazard 
Under the Nuclear Installations Act 1965 as amended (NIA65) [1], no person may use any site for the 
purposes of installing or operating a nuclear installation unless a licence to do so has been granted by 
the Health and Safety Executive (HSE). Once a licence has been issued, the licensee’s period of 
responsibility and the provisions of NIA65 continue to apply until, in the opinion of the HSE, there 
has ceased to be any danger from ionising radiation from anything on the site. NIA65 enables the HSE 
to attach conditions to the nuclear site licence in the interest of safety, covering both normal 
circumstances and accidents and emergencies, or which the HSE thinks fit with respect to the 
handling, treatment and disposal of nuclear matter. A number of licence conditions are of particular 
importance to decommissioning sites: 

Licence Condition 36 requires the licensee to make and implement adequate arrangements to control 
any change to its organisational structure or resources, which may affect safety 

Licence condition 14 requires the licensee to make and implement arrangements for the production of 
safety cases that demonstrate and ensure the safety of the site, and licence condition 23 requires the 
licensee to produce an adequate safety case for any operation that may affect safety; 

Licence condition 15 requires the licensee to implement arrangements for the periodic and systematic 
review of safety cases to ensure their continuing validity; 
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operating rules and operating instructions.  
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remains proportionate and consistent. The review includes consideration of hazard levels and associated risks at 
such sites; public expectations of regulators; regulation of the health and safety of workers; environmental 
impact assessment and management; and the need to optimise the effectiveness of NII’s inspectors. 

The paper summarises UK’s approach to regulation of decommissioning nuclear facilities and presents the 
considerations included within the review of regulation of decommissioning Magnox power reactors.

1. Legislation and UK policy 

1.1 Legislation relating to off- site hazard 
Under the Nuclear Installations Act 1965 as amended (NIA65) [1], no person may use any site for the 
purposes of installing or operating a nuclear installation unless a licence to do so has been granted by 
the Health and Safety Executive (HSE). Once a licence has been issued, the licensee’s period of 
responsibility and the provisions of NIA65 continue to apply until, in the opinion of the HSE, there 
has ceased to be any danger from ionising radiation from anything on the site. NIA65 enables the HSE 
to attach conditions to the nuclear site licence in the interest of safety, covering both normal 
circumstances and accidents and emergencies, or which the HSE thinks fit with respect to the 
handling, treatment and disposal of nuclear matter. A number of licence conditions are of particular 
importance to decommissioning sites: 

Licence Condition 36 requires the licensee to make and implement adequate arrangements to control 
any change to its organisational structure or resources, which may affect safety 

Licence condition 14 requires the licensee to make and implement arrangements for the production of 
safety cases that demonstrate and ensure the safety of the site, and licence condition 23 requires the 
licensee to produce an adequate safety case for any operation that may affect safety; 

Licence condition 15 requires the licensee to implement arrangements for the periodic and systematic 
review of safety cases to ensure their continuing validity; 
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Licence condition 34 requires that the licensee takes all reasonably practicable measures to ensure that 
radioactive material is at all times adequately controlled or contained so that it cannot leak or 
otherwise escape, that it cannot leak or escape without being detected, and that any such leak or escape 
is reported to the HSE; 

Licence condition 35 requires that the licensee makes and implements adequate arrangements for the 
decommissioning of any plant or process which may affect safety. The condition also gives the HSE 
powers to direct the licensee to commence decommissioning of any plant or facility to prevent it being 
left in a dangerous condition, or to halt any decommissioning activity if the HSE has concerns about 
its safety; 

The HSE has delegated its roles under NIA65 to the Nuclear Installations Inspectorate (NII). The site 
licence gives the NII a number of powers including the use of consents, approvals, directions, 
agreements, notifications and specifications. 

Site licence condition 11 under NIA65 requires that the licensee “shall make and implement adequate 
arrangements for dealing with any accident or emergency arising on the site and their effects”. The 
purpose of this condition is to ensure that the licensee has adequate plans to respond effectively to a 
wide range of events from minor incidents which are restricted to on-site locations, to large incidents 
or emergencies which may result in a large release of radioactive material to the environment. Licence 
condition 11 also gives the HSE (NII) the powers to ensure that the licensee’s emergency 
arrangements are practised. 

Further requirements derive from the Radiation (Emergency Preparedness and Public Information) 
Regulations 2001 (REPPIR)[2] also enforced by HSE (NII for nuclear licenced sites). The REPPIR 
Regulations define a radiation emergency (ie one with the potential to result in radiation doses to 
persons off site of 5mSv or higher) and require that, if it is reasonably foreseeable that a radiation 
emergency might arise, the operator shall prepare an adequate emergency plan designed to ensure the 
restriction of exposure to ionising radiation and to ensure the health and safety of persons who may be 
affected. REPPIR Regulation 13(1) requires an operator (including the licensee) to take reasonable steps 
to put the plan into effect without delay when a radiation emergency occurs or an event occurs which 
could reasonably be expected to lead to a radiation emergency. The REPPIR Regulations also require co-
operation with the emergency services and other outside organisations involved in the event of a radiation 
emergency. 

The Radioactive Substances Act 1993 (RSA93)[3] regulates the keeping and use of radioactive 
material, to prevent loss to the environment, and to control accumulation and disposal of radioactive 
waste to minimise the impact on the environment. However, on nuclear licensed sites, RSA93 only 
applies to the disposal of the radioactive waste, because control of nuclear matter (including 
radioactive waste) on such sites is regulated by NII under NIA65. Disposal of radioactive waste 
includes discharges of aerial and liquid effluent, deposit or burial of solid waste, and transfer of waste 
from a site. RSA93 is enforced by the Environment Agency, EA, in England and Wales and by the 
Scottish Environment Protection Agency, SEPA, in Scotland. Other applicable environmental 
protection legislation (enforced by local authorities, EA and SEPA) includes the Environmental 
Protection Act 1990 (EPA90)[4] and the Water Resources Act 1991[5]. 

The Nuclear Reactors (Environmental Impact Assessment for Decommissioning) Regulations 1999 
(EIADR99)[6] implement European Council Directive 85/337/EEC (the EIA Directive)[7], as 
amended by Council Directive 97/11/EC[8] for decommissioning nuclear reactors. The competent 
authority for EIADR99 in Great Britain is HSE. The regulations apply to all new decommissioning 
projects that began after they came into force and to existing projects that are subject to a change or 
extension, which may have significant adverse effects on the environment. In cases where a project is 
subject to such a change, the licensee must apply to HSE for a determination as to whether an 
environmental impact assessment is required and if so, the regulations apply as for a new project. 
EIADR99 apply to decommissioning and dismantling of nuclear power stations, including the 
reactors, plant associated with power production and removal of related wastes, and buildings and land 
contaminated as a result of the operation of the power station.  It does not cover removal of fuel using 
normal operating procedures or treatment of operational waste. Under the regulations, any licensee 
wishing to begin to decommission or dismantle a nuclear power station, or other civil nuclear reactor,

must apply to HSE for consent to carry out a decommissioning project, undertake an environmental 
impact assessment and prepare an environmental statement that summarises the environmental effects 
of the project. EIADR99 are due to be supplemented by amendment regulations in April 2006. The 
amended regulations will not change any of the above requirements. 

1.2 Legislation relating to the protection of workers 
HSE enforces health and safety law at nuclear licensed sites. In particular, the Health and Safety at 
Work (etc) Act 1974 (HSWA1974)[9] provides a legislative framework to promote and encourage 
high standards of health and safety at work. The Act is an enabling Act, which means that other 
regulations can be created to deal with specific health and safety issues, but breaches of those 
regulations are punishable under the provisions of the HSWA1974. The HSWA1974 and regulations 
made under it apply to all persons at work, including employers, employees, and self employed 
persons. However, it should be noted that the Act itself protects not only persons at work but also 
members of the public who may be affected by the any activities taking place at a site.  

Regulations made under HSWA1974 include the Management of Health and Safety at Work 
Regulations 1999 (MHSWR99)[10], The Ionising Radiations Regulations 1999 (IRR99)[11], The 
Work at Heights Regulations 2005[12], The Lifting Operations and Lifting Equipment Regulations 
(LOLER)[13] and the Construction (Design and Management) Regulations (CDM)[14]. 

2. UK government policy on decommissioning nuclear facilities 
Government policy on decommissioning the UK’s nuclear facilities was previously summarised in 
paragraphs 120 to 131 of the White Paper “Review of Radioactive Waste Management Policy: Final 
Conclusions” (CM2919)[15]. The document stated that decommissioning should be undertaken as 
soon as is reasonably practicable, taking account of all relevant factors.  All nuclear operators should 
draw up strategies for decommissioning redundant plant and include justification of the timetables 
proposed. In November 2003, the government published a consultation document on the proposal to 
update and revise its nuclear decommissioning policy. Following consultation, a revised government 
policy statement “The Decommissioning of the UK Nuclear Industry’s Facilities”[16] was published 
September 2004, and replaces the previous statement contained in paragraphs 120 to 131 of Cm2919. 
The revised decommissioning policy covers all (existing and new) UK nuclear industry facilities. This 
includes power stations, other reactors, research facilities, fuel fabrication and reprocessing plants and 
laboratories on sites licensed under NIA 65. Each nuclear operator is expected to produce and 
maintain a decommissioning strategy and plans for the site, including its future use. The Government 
White Paper, “Managing the Nuclear Legacy – A Strategy for Action” (Cm 5552)[17] was published 
in July 2002, and subsequently the Nuclear Decommissioning Authority (NDA) was established by the 
Energy Act 2004 [18], to take responsibility for the liabilities arising from past and future government 
civil nuclear programmes. The NDA is responsible for setting agreed decommissioning timetables for 
these programmes (in consultation with both the regulators and the licensees), and ensuring that the 
licensees carry out programmes effectively. 

Information about licensee’s decommissioning timetables is also provided by the Quinquennial review 
(QQR) process; to ensure that operators’ decommissioning strategies remain soundly based as 
circumstances change, HSE was requested (as per the requirements of Cm2919) to review these 
strategies every 5 years in consultation with EA or SEPA. The revised government decommissioning 
policy indicates that, except where equivalent arrangements are put in place (eg by the NDA), 
strategies should continue to be subject to regular periodic reviews, at least every five years, by HSE 
in consultation with the environment agencies. 

HSE’s risk management philosophy is set out in ‘Reducing risks protecting people: HSE’s decision-
making process’ (R2P2) [19], which provides an overall framework for decision-making to aid 
consistency and coherence across the full range of risks falling within the scope of HSWA1974. 

3. Current HSE approach to the regulation of decommissioning of defuelled magnox 
power reactors and review of this approach. 

A recent paper published in BNES [20] describes HSE’s current approach to decommissioning 
Magnox power reactors. HSE’s policy is that inspection and enforcement should be proportionate to 
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Licence condition 34 requires that the licensee takes all reasonably practicable measures to ensure that 
radioactive material is at all times adequately controlled or contained so that it cannot leak or 
otherwise escape, that it cannot leak or escape without being detected, and that any such leak or escape 
is reported to the HSE; 

Licence condition 35 requires that the licensee makes and implements adequate arrangements for the 
decommissioning of any plant or process which may affect safety. The condition also gives the HSE 
powers to direct the licensee to commence decommissioning of any plant or facility to prevent it being 
left in a dangerous condition, or to halt any decommissioning activity if the HSE has concerns about 
its safety; 

The HSE has delegated its roles under NIA65 to the Nuclear Installations Inspectorate (NII). The site 
licence gives the NII a number of powers including the use of consents, approvals, directions, 
agreements, notifications and specifications. 

Site licence condition 11 under NIA65 requires that the licensee “shall make and implement adequate 
arrangements for dealing with any accident or emergency arising on the site and their effects”. The 
purpose of this condition is to ensure that the licensee has adequate plans to respond effectively to a 
wide range of events from minor incidents which are restricted to on-site locations, to large incidents 
or emergencies which may result in a large release of radioactive material to the environment. Licence 
condition 11 also gives the HSE (NII) the powers to ensure that the licensee’s emergency 
arrangements are practised. 

Further requirements derive from the Radiation (Emergency Preparedness and Public Information) 
Regulations 2001 (REPPIR)[2] also enforced by HSE (NII for nuclear licenced sites). The REPPIR 
Regulations define a radiation emergency (ie one with the potential to result in radiation doses to 
persons off site of 5mSv or higher) and require that, if it is reasonably foreseeable that a radiation 
emergency might arise, the operator shall prepare an adequate emergency plan designed to ensure the 
restriction of exposure to ionising radiation and to ensure the health and safety of persons who may be 
affected. REPPIR Regulation 13(1) requires an operator (including the licensee) to take reasonable steps 
to put the plan into effect without delay when a radiation emergency occurs or an event occurs which 
could reasonably be expected to lead to a radiation emergency. The REPPIR Regulations also require co-
operation with the emergency services and other outside organisations involved in the event of a radiation 
emergency. 

The Radioactive Substances Act 1993 (RSA93)[3] regulates the keeping and use of radioactive 
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3. Current HSE approach to the regulation of decommissioning of defuelled magnox 
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A recent paper published in BNES [20] describes HSE’s current approach to decommissioning 
Magnox power reactors. HSE’s policy is that inspection and enforcement should be proportionate to 
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the hazards and risks involved in any process. Therefore NII has reduced its inspection and assessment 
effort as a site moves from operation through defuelling to decommissioning.  There is still considered 
to be a need, however, to appropriately service requirements for permissioning of projects of major 
safety significance, supporting Site Stakeholder Groups, emergency exercises and basic inspection 
(although significantly reduced) for compliance with the licence and other regulations. It should be 
noted that the licence cannot be revoked (or that the licensee’s period of responsibility cannot be 
ended) until HSE is satisfied that the licensee has demonstrated there is no danger from ionising 
radiation on the site. 

The key elements of the current strategy are: 

� To ensure that licensees bring about a reduction in the hazard potential from radioactive wastes  
by conditioning wastes to a passive safe state and storing them in an appropriate manner 
pending disposal or other long term management solution to be determined at a national level 
and to ensure the safe decommissioning of redundant nuclear facilities; 

� Reduction of inspections to monitor compliance with the site licence conditions (compared to 
operational stations). A team and theme approach has been developed to inspections at 
decommissioning reactor sites to maximise the efficiency of inspections and enable targeting of 
those issues that are most significant; 

� Inspection plan is based on project related work rather than safety systems. Compliance with 
licence conditions is inspected at an appropriate stage in the project rather than a particular time 
in the year; 

� NII continues to permission projects of major safety significance. However, the licensee’s 
arrangements for categorising work are more suited to operating sites and mean that some work 
of interest to NII are categorised as being of low safety significance. Thus NII may use its 
power to examine projects of less safety significance (for example if the project is the first of a 
kind and will be carried out at a number of sites, if worker doses are predicted to be relatively 
high, or if NII is concerned about the licensee’s performance). NII must determine an 
appropriate sampling regime for such submissions. Whilst not necessarily requiring in depth 
assessment, NII needs to develop a system for choosing which work should be inspected. NII 
has also agreed to require licensees to submit relevant documents to NII, for projects involving 
conditioning of waste for disposal, on behalf of the environment agencies and passes these on to 
their nuclear waste assessment teams for assessment;  

� NII encourages licensees to develop, or use existing, systems to manage major projects and 
include in the process a means for agreeing regulatory hold points in advance. This improves 
the effectiveness of regulatory action and assists the licensee to deliver projects to time.  The 
decommissioning licence condition (LC 35) includes a requirement to develop plans and 
programmes. Licensees now develop plans in a format that is required by the Nuclear 
Decommissioning Authority and these should cover the licensing requirements.  A particular 
interest for NII is to ensure that all parties have a clear understanding of when regulatory hold 
points will occur and how they are to be cleared;  

� NII is working with licensees to ensure that licence arrangements are suited to the level of 
hazard and risk present; and 

� NII is working to ensure licensees protect workers and the public from ionising radiation and 
meet the targets set out in HSE’s programmes. Given the similarities between decommissioning 
sites and conventional construction sites, this is clearly a key aspect of regulating 
decommissioning. 

The site licence provides sufficient flexibility for regulation throughout the site’s lifetime (including 
decommissioning), but it is necessary for HSE to ensure that the framework within which we regulate 
remains proportionate and takes into consideration other legislation such as HSWA1974 [9]. In order 
to ensure that regulation of such reactors remains consistent, proportionate and targeted, HSE is 

undertaking a review. After cessation of power generation and removal of fuel from the reactor 
pressure vessels, the hazard is reduced significantly. After removal of all fuel from site the 
radionuclide inventory is reduced by several orders of magnitude to intermediate and low level waste.  
However, as potential public dose consequences diminish from Sv to mSv, the likelihood of smaller 
on site events increase due to decommissioning activities. Worker contamination control and dose 
rates become more important, as does conventional health and safety. 

These changes raise many questions:  

� Is it still appropriate for HSE to regulate the decommissioning sites using the current approach? 

� Should HSE continue to employ a site centric inspection regime lead by NIA 65 Site Licence 
Conditions?  

� Can HSE reduce the inherited bureaucratic burden of the Licence both for HSE and the 
Licensee and focus on areas where intervention will have maximum impact?  

� What should be the role of HSE in regulating intermediate and low level radioactive waste?  

� How is regulation affected by an emerging Nuclear Decommissioning Authority? 

The review will be completed during 2006 and will include consideration of the following: 

� The level of hazard present on decommissioning sites compared to operating nuclear sites; 

� The legal requirements for regulation of nuclear sites (national and international) and associated 
guidance; 

� The current HSE policy for regulation of decommissioning nuclear Magnox power reactors and 
comparison to strategies for regulation of decommissioning other major hazards facilities (such 
as explosives); 

� Requirements for continuing proportionality and consistency, whilst not reducing standards; 

� The risks to workers at decommissioning sites; 

� The changing culture as sites move from operation to decommissioning; 

� The fragmentation of the UK nuclear industry and increased use of contractors; 

� Liaison between NII and other HSE directorates to optimise our intervention strategy; 

� The influence of other organisations such as NDA (including restructuring of licensees) and 
regulators such as EA / SEPA, and HSE interaction with such organisations to maximise the 
effectiveness of any intervention strategy; 

� The potential for using contractors to assist NII in assessment of submissions for 
decommissioning reactors; 

� The potential for working with licensees to achieve improvements in arrangements and health 
and safety performance during decommissioning; and 

� The expectations of stakeholders regarding regulation of nuclear facilities. 

4. Conclusions 
The United Kingdom has significant experience of regulating the decommissioning of nuclear 
facilities and has developed appropriate legislation and policy for such work. The Health and Safety 
Exicutive is currently reviewing its policy for regulation of decommissioning defuelled Magnox power 
reactors to ensure that it remains proportionate to the hazards and risks involved, consistent with 
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The United Kingdom has significant experience of regulating the decommissioning of nuclear 
facilities and has developed appropriate legislation and policy for such work. The Health and Safety 
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regulation of other sectors and targeted to optimise improvements in health and safety performance 
whilst recognising that progress with decommissioning will benefit all. 
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Abstract. Nuclear power programs have been abandoned in the Republic of Belarus after the Chernobyl 
accident. The 630 kW test mobile nuclear power plant (MNPP) “Pamir-630D” was shut-down. The nuclear 
power plant consisted of a reactor cooled by gas, a gas turbine and three additional units, all items to be placed 
on transport platforms. A decommissioning plan was thoroughly prepared to protect the personnel against 
radiation and to meet the nuclear safety requirements. The reactor and turbine parts, including their biological 
shield, were disposed without dismantling, as entire units, in appropriate concrete vaults. Contamination of all 
other MNPP items was reduced to acceptable value. New facilities are set in the building which was used for 
“Pamir-630D” operation. One of two operational fuel storage pools of MNPP, built near the reactor hall, has 
been used as temporary spent nuclear fuel storage. Since then the spent fuel has been stored in water the quality 
of which is maintained in accordance with appropriate chemistry requirements. When the decision was taken to 
shut down and decommission the MNPP it was foreseen that the spent fuel would be shipped to Russia. 
Unfortunately, due to the break-up of the Soviet Union, the spent fuel was left in the territory of the Republic of 
Belarus. After the termination of nuclear activities the regulatory authorities are faced with the changing 
environment. 

1. Introduction 
The report addresses lessons learned from decommissioning of the 630 kW mobile nuclear power 
plant “Pamir-630D” and regulatory issues in spent nuclear fuel management after the safe termination 
of nuclear activities in the Republic of Belarus. The nuclear power plant consisted of gas cooled 
reactor, gas turbine-driven set, two control units, and auxiliary unit. The reactor and turbine-driven set 
were supposed to be placed on transport platforms and carried by tractors. The control and auxiliary 
units were set on track beds. “Pamir-630D” was constructed and tested in appropriate building. Set-up 
time was no greater than six hours after all units of the MNPP had reached the site. “Pamir-630D” was 
ready to be moved to the other site in 30 hours after shut down.  

The reactor unit included: vessel reactor cooled by gas “nitrin” based on N2O4, biological shielding, 
and pipelines with valves. The reactor vessel and other auxiliary equipment were made of stainless 
steel. The reactor core consisted of 106 fuel assemblies, each of them contained 7 fuel rods surrounded 
by stainless steel claddings of thickness 4�10-4m and diameter 6.2 �10-3m. Fuel spherical particles of 
UO2 enriched to 45% 235U were embedded in Ni-Cr matrix. The share of nickel and chrome in fuel 
composition was 40%.  

The turbine-driven set consisted of turbine, electricity generator and auxiliary equipment to maintain 
coolant quality in accordance with appropriate chemistry requirements. All parts of the turbine unit 
were made of stainless steel. 

Two pilot prototypes of “Pamir-630D” were constructed. The first one of “Pamir-630D” was put into 
operation in 1985 and was shut down 26.11.1987. The second one was not put into operation at all.  

2. Decommissioning 
The decommissioning plan included a short period of preparation for disposal followed by dismantling 
of reactor and turbine units of “Pamir-630D” and safe long-term keeping of spent fuel in an 
appropriate storage facility. All decommissioning procedures decommissioning were thoroughly 
prepared to protect the personnel against radiation and to meet the nuclear safety requirements. Special 
equipment was designed and constructed to unload the reactor core and to dismantle reactor and 
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regulation of other sectors and targeted to optimise improvements in health and safety performance 
whilst recognising that progress with decommissioning will benefit all. 
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and pipelines with valves. The reactor vessel and other auxiliary equipment were made of stainless 
steel. The reactor core consisted of 106 fuel assemblies, each of them contained 7 fuel rods surrounded 
by stainless steel claddings of thickness 4�10-4m and diameter 6.2 �10-3m. Fuel spherical particles of 
UO2 enriched to 45% 235U were embedded in Ni-Cr matrix. The share of nickel and chrome in fuel 
composition was 40%.  

The turbine-driven set consisted of turbine, electricity generator and auxiliary equipment to maintain 
coolant quality in accordance with appropriate chemistry requirements. All parts of the turbine unit 
were made of stainless steel. 

Two pilot prototypes of “Pamir-630D” were constructed. The first one of “Pamir-630D” was put into 
operation in 1985 and was shut down 26.11.1987. The second one was not put into operation at all.  

2. Decommissioning 
The decommissioning plan included a short period of preparation for disposal followed by dismantling 
of reactor and turbine units of “Pamir-630D” and safe long-term keeping of spent fuel in an 
appropriate storage facility. All decommissioning procedures decommissioning were thoroughly 
prepared to protect the personnel against radiation and to meet the nuclear safety requirements. Special 
equipment was designed and constructed to unload the reactor core and to dismantle reactor and 
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turbine units. All persons involved in decommissioning activities were made familiar with “Pamir-
630D” site and safety procedures for the safe and effective conduct of their duties.  

A decommissioning plan was designed for each task. During fuel core unloading the personnel was 
provided with individual dosimeters, including those in case of emergency. A constant two-way 
connection between the reactor hall and control room was set up. Radiation monitoring was ensured 
from the moment of unloading the fuel assembly till its placing into the flask. Within the reactor core 
environment samples were constantly taken to identify presence of radioactive aerosols. The following 
measures contributed to the safety assurance programme during nuclear fuel unloading, transportation 
and storage: proper organization of all activities, observance of the safety requirements, use of 
protective system, use of transport containers and fuel storage of special design, continuos radiation 
monitoring. Should contamination over limits be detected decontamination procedures would be 
applied. During the most dangerous operations average calculated occupational dose rate was 
approximately 140 �Sv/h.  Dose rate did not exceed: 14 �Sv/h at distance of 1m from the biological 
shielding of the reactor, 35 �Sv/h on the surface and 180 �Sv/h at the lower part of the biological 
shielding. For the purposes of dose rates calculation, during reactor core uploading activities values of 
each element of the reactor were estimated.  

2.1. Removal of spent fuel 
Special equipment included tank for temporary keeping of radioactive pieces of reactor, turntable of 
biological shielding and turntable with devices and tank (height 5.3m, diameter 2m) for the removing 
of the fuel assemblies which were designed and constructed to unload the reactor core under water. 
Dismantling of the nuts, and studs of the top plate of reactor vessel was carried out using the turntable 
of biological shielding made of lead with thickness of 0.15m. Gas tightness of the assemblies was 
checked under water. The removed fuel assemblies were placed into the flasks under water after a gas 
tightness check. The fuel assemblies with cladding defects were placed in addition into sealed pills.  

2.2. Dismantling of reactor and turbine units 
The coolant was removed from all circuits and equipment of the turbine-driven set after shut down. 
The loops of unit were blown by air and washed by water. All pipelines between the reactor and the 
turbine units were decoupled and blanked off. The dismantling of the turbine unit equipment was 
carried out by cutting pipelines. The non-radioactive parts of the turbine unit were recycled or used for 
other purposes. The following radioactive equipment of the turbine-driven set was dismantled and 
removed for disposal in the burial concrete vaults: condenser, pumps, tanks, pipelines, valves, 
elements of I&C Systems of main loop and auxiliary systems, turbine.  

The non-radioactive parts of the reactor unit were recycled or used for other purposes. Dismantled 
radioactive pipelines were blanked off and welded. The following radioactive pieces of reactor unit 
were disposed of at the burial: pipelines with valves of the main and auxiliary coolant circuits, heat 
exchangers, condenser, air duct of biological shield. All dismounted pieces were packed up in 
polyethylene film and carried to disposal in concrete vaults closed by concrete slabs. The reactor 
vessel with biological shielding was disposed of in concrete vaults without dismantling, as a whole 
unit, in concrete vault 6m long by 3m wide by 3m high. The gamma dose rate at 1m from the slab 
surface was no more than 28 �Sv/h.  

Other materials, equipment and parts of the MNPP still having significant activity levels after 
decontamination, were removed for disposal.  

2.3. Storage of spent fuel 

The storage facility consists of two pools (volume 2�28 m3) with a water shielding (thickness 3.1m) 
and a concrete shielding (thickness 1.8m). One of two operational storage pools of MNPP, built near 
the reactor hall, has been used as temporary storage of spent nuclear fuel. Since then the spent fuel 
assemblies (average burn-up – 1.16 %) have been kept under water. Surveillance, monitoring and 
inspections are carried out to ensure that the spent fuel storage remains in good condition. The water 
quality is maintained in accordance with appropriate chemistry requirements (pH conductivity 
temperature). Frequency of monitoring: temperature – daily, pH and conductivity – weekly. The flasks 
with the fuel assemblies are tested for leakage by weight checking under water quarterly if weight is 

stable and weekly in case of weight changes. The flask is removed for testing and fixing the leakage in 
hot cell in accordance with appropriate procedure if the reference weight increase is 0.1 kg. Support 
plates on the bottom of the pools were presumably designed to space the fuel (in their storage 
cassettes) far enough apart to avoid criticality. The pool lids are currently sealed by the IAEA 
inspectors.   

3. Regulatory issues in spent nuclear fuel management after the safe termination of 
nuclear activities 

When a decision was taken to shut down and decommission the MNPP it was foreseen that the spent 
fuel would be shipped to Russia. Unfortunately, due to the break-up of the Soviet Union, the spent fuel 
was left in the territory of the Republic of Belarus. As a Contracting Party to the Joint Convention on 
the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management, Belarus 
has a national policy for the management of spent fuel, in order to ensure that acceptable levels of 
protection of human health and environment, now and in the future, can be adequately achieved 
without imposing undue burdens on the future generations. After the nuclear power program 
termination the regulatory authorities are faced with the changing environment. The national 
legislative and regulatory system for safety of spent nuclear management in Belarus deals with follow 
challenges: 

(a) The scientific and technical challenge. To ensure that all reasonable events, features and 
processes relevant to the long term safety of storage facility for spent nuclear fuel are duly 
identified, modeled and taken into account in the safety assessment. Most countries with nuclear 
power programs have active programs under way to develop the technology for the management 
of spent nuclear fuel. At the moment there are three major options for classifying spent fuel 
management policies and practices: a closed fuel cycle with reprocessing of spent nuclear fuel, a 
‘once through’ fuel cycle, which ends with the disposal of the spent nuclear fuel, and a ‘wait 
and see’ approach. Since Belarus does not have substantial nuclear programs, there is neither 
appropriate dry storage facility, nor reprocessing plant for spent fuel. Belarus also lacks 
financial resources for long-time storage or reprocessing spent fuel. Moreover, even the 
reprocessing technology for this kind of nuclear fuel has not been developed mostly due to the 
fact that this sort of fuel was designed only for “Pamir-630D” and was not used in any other 
type of reactor. At the same time, there is no reason to develop such technology, design and 
construct the reprocessing plant for only 43 kg of spent fuel. For Belarus having only small 
nuclear programs and limited spent fuel amounts to dispose of, the costs of siting and 
developing a geological repository are enormous. Moreover, Belarus has no suitable geological 
formation to host a geological repository. So, there is one way left: ‘wait and see’. Negative 
aspects of the ‘wait and see’ approach are known. This option could be perceived as being 
indecisive, avoiding decisions, or passing an issue on to future generations. More than that, soon 
it will be necessary to move the spent fuel from the temporary wet storage facility to a dry 
storage facility. In fact, the flasks with fuel assemblies originally were not designed and 
constructed for the purposes of long-time storage, and this can lose tightness any time. The 
pools were built for MNPP operation and are not suitable for long term keeping of spent fuel. 
So, ageing management programs have to be elaborated as soon as possible. We are also faced 
with using spent fuel facility that was not designed and constructed in accordance with today’s 
knowledge and experience and design criteria; 

(b) The staff ageing challenge. To ensure that persons involved in spent fuel management have 
appropriate level of qualification, knowledge and experience. Since decommission of MNPP the 
storage facility staff has consisted of operation personnel of the nuclear reactor. The number of 
workers is being decreased, moreover, most of them are now near pension age. Nonetheless, no 
young scientist or engineer has joined the spent nuclear fuel facility. May be in ten years we 
will have a situation whereby no one will be familiar with the storage facility and spent nuclear 
fuel management. Countries with only small nuclear programs or after nuclear power 
termination may face this challenge in future;

(c) The financial challenge. To ensure that no undue financial burdens are imposed on future 
generation. Unfortunately, a decommissioning fund was not established and financial resources 
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turbine units. All persons involved in decommissioning activities were made familiar with “Pamir-
630D” site and safety procedures for the safe and effective conduct of their duties.  

A decommissioning plan was designed for each task. During fuel core unloading the personnel was 
provided with individual dosimeters, including those in case of emergency. A constant two-way 
connection between the reactor hall and control room was set up. Radiation monitoring was ensured 
from the moment of unloading the fuel assembly till its placing into the flask. Within the reactor core 
environment samples were constantly taken to identify presence of radioactive aerosols. The following 
measures contributed to the safety assurance programme during nuclear fuel unloading, transportation 
and storage: proper organization of all activities, observance of the safety requirements, use of 
protective system, use of transport containers and fuel storage of special design, continuos radiation 
monitoring. Should contamination over limits be detected decontamination procedures would be 
applied. During the most dangerous operations average calculated occupational dose rate was 
approximately 140 �Sv/h.  Dose rate did not exceed: 14 �Sv/h at distance of 1m from the biological 
shielding of the reactor, 35 �Sv/h on the surface and 180 �Sv/h at the lower part of the biological 
shielding. For the purposes of dose rates calculation, during reactor core uploading activities values of 
each element of the reactor were estimated.  

2.1. Removal of spent fuel 
Special equipment included tank for temporary keeping of radioactive pieces of reactor, turntable of 
biological shielding and turntable with devices and tank (height 5.3m, diameter 2m) for the removing 
of the fuel assemblies which were designed and constructed to unload the reactor core under water. 
Dismantling of the nuts, and studs of the top plate of reactor vessel was carried out using the turntable 
of biological shielding made of lead with thickness of 0.15m. Gas tightness of the assemblies was 
checked under water. The removed fuel assemblies were placed into the flasks under water after a gas 
tightness check. The fuel assemblies with cladding defects were placed in addition into sealed pills.  

2.2. Dismantling of reactor and turbine units 
The coolant was removed from all circuits and equipment of the turbine-driven set after shut down. 
The loops of unit were blown by air and washed by water. All pipelines between the reactor and the 
turbine units were decoupled and blanked off. The dismantling of the turbine unit equipment was 
carried out by cutting pipelines. The non-radioactive parts of the turbine unit were recycled or used for 
other purposes. The following radioactive equipment of the turbine-driven set was dismantled and 
removed for disposal in the burial concrete vaults: condenser, pumps, tanks, pipelines, valves, 
elements of I&C Systems of main loop and auxiliary systems, turbine.  

The non-radioactive parts of the reactor unit were recycled or used for other purposes. Dismantled 
radioactive pipelines were blanked off and welded. The following radioactive pieces of reactor unit 
were disposed of at the burial: pipelines with valves of the main and auxiliary coolant circuits, heat 
exchangers, condenser, air duct of biological shield. All dismounted pieces were packed up in 
polyethylene film and carried to disposal in concrete vaults closed by concrete slabs. The reactor 
vessel with biological shielding was disposed of in concrete vaults without dismantling, as a whole 
unit, in concrete vault 6m long by 3m wide by 3m high. The gamma dose rate at 1m from the slab 
surface was no more than 28 �Sv/h.  

Other materials, equipment and parts of the MNPP still having significant activity levels after 
decontamination, were removed for disposal.  

2.3. Storage of spent fuel 

The storage facility consists of two pools (volume 2�28 m3) with a water shielding (thickness 3.1m) 
and a concrete shielding (thickness 1.8m). One of two operational storage pools of MNPP, built near 
the reactor hall, has been used as temporary storage of spent nuclear fuel. Since then the spent fuel 
assemblies (average burn-up – 1.16 %) have been kept under water. Surveillance, monitoring and 
inspections are carried out to ensure that the spent fuel storage remains in good condition. The water 
quality is maintained in accordance with appropriate chemistry requirements (pH conductivity 
temperature). Frequency of monitoring: temperature – daily, pH and conductivity – weekly. The flasks 
with the fuel assemblies are tested for leakage by weight checking under water quarterly if weight is 

stable and weekly in case of weight changes. The flask is removed for testing and fixing the leakage in 
hot cell in accordance with appropriate procedure if the reference weight increase is 0.1 kg. Support 
plates on the bottom of the pools were presumably designed to space the fuel (in their storage 
cassettes) far enough apart to avoid criticality. The pool lids are currently sealed by the IAEA 
inspectors.   

3. Regulatory issues in spent nuclear fuel management after the safe termination of 
nuclear activities 

When a decision was taken to shut down and decommission the MNPP it was foreseen that the spent 
fuel would be shipped to Russia. Unfortunately, due to the break-up of the Soviet Union, the spent fuel 
was left in the territory of the Republic of Belarus. As a Contracting Party to the Joint Convention on 
the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management, Belarus 
has a national policy for the management of spent fuel, in order to ensure that acceptable levels of 
protection of human health and environment, now and in the future, can be adequately achieved 
without imposing undue burdens on the future generations. After the nuclear power program 
termination the regulatory authorities are faced with the changing environment. The national 
legislative and regulatory system for safety of spent nuclear management in Belarus deals with follow 
challenges: 

(a) The scientific and technical challenge. To ensure that all reasonable events, features and 
processes relevant to the long term safety of storage facility for spent nuclear fuel are duly 
identified, modeled and taken into account in the safety assessment. Most countries with nuclear 
power programs have active programs under way to develop the technology for the management 
of spent nuclear fuel. At the moment there are three major options for classifying spent fuel 
management policies and practices: a closed fuel cycle with reprocessing of spent nuclear fuel, a 
‘once through’ fuel cycle, which ends with the disposal of the spent nuclear fuel, and a ‘wait 
and see’ approach. Since Belarus does not have substantial nuclear programs, there is neither 
appropriate dry storage facility, nor reprocessing plant for spent fuel. Belarus also lacks 
financial resources for long-time storage or reprocessing spent fuel. Moreover, even the 
reprocessing technology for this kind of nuclear fuel has not been developed mostly due to the 
fact that this sort of fuel was designed only for “Pamir-630D” and was not used in any other 
type of reactor. At the same time, there is no reason to develop such technology, design and 
construct the reprocessing plant for only 43 kg of spent fuel. For Belarus having only small 
nuclear programs and limited spent fuel amounts to dispose of, the costs of siting and 
developing a geological repository are enormous. Moreover, Belarus has no suitable geological 
formation to host a geological repository. So, there is one way left: ‘wait and see’. Negative 
aspects of the ‘wait and see’ approach are known. This option could be perceived as being 
indecisive, avoiding decisions, or passing an issue on to future generations. More than that, soon 
it will be necessary to move the spent fuel from the temporary wet storage facility to a dry 
storage facility. In fact, the flasks with fuel assemblies originally were not designed and 
constructed for the purposes of long-time storage, and this can lose tightness any time. The 
pools were built for MNPP operation and are not suitable for long term keeping of spent fuel. 
So, ageing management programs have to be elaborated as soon as possible. We are also faced 
with using spent fuel facility that was not designed and constructed in accordance with today’s 
knowledge and experience and design criteria; 

(b) The staff ageing challenge. To ensure that persons involved in spent fuel management have 
appropriate level of qualification, knowledge and experience. Since decommission of MNPP the 
storage facility staff has consisted of operation personnel of the nuclear reactor. The number of 
workers is being decreased, moreover, most of them are now near pension age. Nonetheless, no 
young scientist or engineer has joined the spent nuclear fuel facility. May be in ten years we 
will have a situation whereby no one will be familiar with the storage facility and spent nuclear 
fuel management. Countries with only small nuclear programs or after nuclear power 
termination may face this challenge in future;

(c) The financial challenge. To ensure that no undue financial burdens are imposed on future 
generation. Unfortunately, a decommissioning fund was not established and financial resources 
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for long-time storage of spent nuclear fuel are not enough. The regulatory body has no 
possibility to change this situation. Besides, under the Convention on the Physical Protection of 
Nuclear Material this fuel has become Category I material due to the decrease in the radiation 
level. It requires application of strengthened physical protection measures. The best solution of 
this problem is to return the spent fuel from “Pamir-630D” to a reprocessing plant of the 
Russian Federation as it had been planned before decommissioning of MNPP in 1987. A 
positive decision on return to the Russian Federation will contribute to strengthening physical 
protection as well as reducing maintenance expenditures. A Fact-Finding Mission visited 
Belarus in March 2004. The mission was organized in the framework of the IAEA Technical 
Co-operation  project RER/9/058 “Safety Review of Research Reactor Facilities”. RER/9/058 
was established in 1998 to assist mainly Member States operating Russian-origin research 
reactors in Central and Eastern Europe and the NIS with decommissioning plans and the return 
of the fuel to the country of origin. The mission task was to make a preliminary assessment of 
the physical, technical, administrative and financial resources that would be required to ship the 
spent fuel from Belarus to Russia.

4.  Summary  
The nuclear power program in Belarus was abandoned due to the break-up of the Soviet Union. The 
appropriate quality assurance programme was planned before the decommissioning of the mobile 
nuclear power plant “Pamir-630D”. All decommissioning procedures were thoroughly prepared to 
protect the personnel against radiation and to meet nuclear safety requirements. The non-radioactive 
equipment of mobile nuclear power plant was recycled or used for other purposes. The radioactive 
parts of the turbine and reactor units were dismantled and removed for disposal in the concrete vaults. 
After decontamination it is possible to permit unrestricted use of parts of the nuclear power plant 
building while others (fuel storage facility) are still subject to restrictions. Surveillance, monitoring 
and inspections are carried out to ensure that the spent fuel storage remains in good condition. The 
non-radioactive parts of the building are used for new purposes. A subcritical assembly with neutron 
generator, an electron accelerator, a gamma facility have been set in the building used for “Pamir-
630D” operation. 

The spent fuel was left in the territory of Belarus. Surveillance, monitoring and inspections are carried 
out to ensure that the spent fuel storage remains in good condition. The reprocessing technology for 
such kind of nuclear fuel has not been developed. Taking into account the fact that this particular sort 
of fuel has been designed only for “Pamir-630D” and has not been used in any other type of reactor, 
and no reprocessing technology perhaps will be elaborated in the nearest future, it is necessary to 
provide long-term safe keeping of spent fuel. However, the lack of financial resources for long-time 
storage or reprocessing spent fuel, and the ageing of the storage facility equipment will not allow 
assuring safe storage of spent fuel in future. There is neither appropriate dry storage facility no 
reprocessing plant for spent fuel in Belarus, so the ‘wait and see’ option means passing an issue on to 
future generations. For Belarus, having only small nuclear programs, the solution of this problem is to 
return the spent fuel from Soviet Union nuclear activity to the country of origin with the IAEA 
assistance. 

IAEA-CN-143/35

Regulatory control on decommissioning of research reactors in Argentina 

C.D. Perrin 
Nuclear Regulatory Authority, 
Argentina

Abstract. The Nuclear Regulatory Authority (ARN) was established as an independent body reporting to 
the President of Argentina by Act 24,804 known as the Nuclear Activity National Act, which came into force on 
April 25, 1997. ARN is empowered to regulate and control nuclear activities with regard to radiation and nuclear 
safety, physical protection and nuclear non-proliferation issues. It must also advise the Government on issues under 
its purview. The objective of the Nuclear Regulatory Authority is to establish, develop and enforce a regulatory 
system applicable to all nuclear activities carried out in Argentina.  The construction, commissioning, operation and 
decommissioning of a nuclear installation shall be previously authorized and licensed by the Regulatory Authority.  

In the field of Research Reactors, the ARN controls six installations: three Research Reactors and three Critical 
Facilities (one in extended shutdown). This paper describes the legal and regulatory framework, as well as the 
regulatory activities that ARN applies to the decommissioning of Research Reactors and Critical Assemblies in 
Argentina 

1. Introduction 
In Argentina there are two nuclear power plants in operation, a third one in delayed construction, three 
critical assemblies, three research and isotope production reactors, one dismantled critical assembly, 25 
major radioactive facilities and approximately 1,500 facilities for medical, industrial, research, education 
and training purposes which use radioactive materials or sources.  

The regulatory responsibilities and tasks in the nuclear field cover radiological protection and nuclear 
safety, safeguards and physical protection.  

Regarding radiological and nuclear safety in research reactors and critical assemblies, the regulatory 
activities are directed at controlling the aforementioned six facilities, analyzing safety-related documents, 
assessing safety during operation, and verifying by means of regulatory inspections and audits the 
compliance with the provisions of the pertinent licenses, the applicable regulatory standards and other 
requirements. 

The principal characteristics of the Argentinean research reactors and critical assembliess are given in the 
tables below: 
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for long-time storage of spent nuclear fuel are not enough. The regulatory body has no 
possibility to change this situation. Besides, under the Convention on the Physical Protection of 
Nuclear Material this fuel has become Category I material due to the decrease in the radiation 
level. It requires application of strengthened physical protection measures. The best solution of 
this problem is to return the spent fuel from “Pamir-630D” to a reprocessing plant of the 
Russian Federation as it had been planned before decommissioning of MNPP in 1987. A 
positive decision on return to the Russian Federation will contribute to strengthening physical 
protection as well as reducing maintenance expenditures. A Fact-Finding Mission visited 
Belarus in March 2004. The mission was organized in the framework of the IAEA Technical 
Co-operation  project RER/9/058 “Safety Review of Research Reactor Facilities”. RER/9/058 
was established in 1998 to assist mainly Member States operating Russian-origin research 
reactors in Central and Eastern Europe and the NIS with decommissioning plans and the return 
of the fuel to the country of origin. The mission task was to make a preliminary assessment of 
the physical, technical, administrative and financial resources that would be required to ship the 
spent fuel from Belarus to Russia.

4.  Summary  
The nuclear power program in Belarus was abandoned due to the break-up of the Soviet Union. The 
appropriate quality assurance programme was planned before the decommissioning of the mobile 
nuclear power plant “Pamir-630D”. All decommissioning procedures were thoroughly prepared to 
protect the personnel against radiation and to meet nuclear safety requirements. The non-radioactive 
equipment of mobile nuclear power plant was recycled or used for other purposes. The radioactive 
parts of the turbine and reactor units were dismantled and removed for disposal in the concrete vaults. 
After decontamination it is possible to permit unrestricted use of parts of the nuclear power plant 
building while others (fuel storage facility) are still subject to restrictions. Surveillance, monitoring 
and inspections are carried out to ensure that the spent fuel storage remains in good condition. The 
non-radioactive parts of the building are used for new purposes. A subcritical assembly with neutron 
generator, an electron accelerator, a gamma facility have been set in the building used for “Pamir-
630D” operation. 

The spent fuel was left in the territory of Belarus. Surveillance, monitoring and inspections are carried 
out to ensure that the spent fuel storage remains in good condition. The reprocessing technology for 
such kind of nuclear fuel has not been developed. Taking into account the fact that this particular sort 
of fuel has been designed only for “Pamir-630D” and has not been used in any other type of reactor, 
and no reprocessing technology perhaps will be elaborated in the nearest future, it is necessary to 
provide long-term safe keeping of spent fuel. However, the lack of financial resources for long-time 
storage or reprocessing spent fuel, and the ageing of the storage facility equipment will not allow 
assuring safe storage of spent fuel in future. There is neither appropriate dry storage facility no 
reprocessing plant for spent fuel in Belarus, so the ‘wait and see’ option means passing an issue on to 
future generations. For Belarus, having only small nuclear programs, the solution of this problem is to 
return the spent fuel from Soviet Union nuclear activity to the country of origin with the IAEA 
assistance. 
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Regulatory control on decommissioning of research reactors in Argentina 

C.D. Perrin 
Nuclear Regulatory Authority, 
Argentina

Abstract. The Nuclear Regulatory Authority (ARN) was established as an independent body reporting to 
the President of Argentina by Act 24,804 known as the Nuclear Activity National Act, which came into force on 
April 25, 1997. ARN is empowered to regulate and control nuclear activities with regard to radiation and nuclear 
safety, physical protection and nuclear non-proliferation issues. It must also advise the Government on issues under 
its purview. The objective of the Nuclear Regulatory Authority is to establish, develop and enforce a regulatory 
system applicable to all nuclear activities carried out in Argentina.  The construction, commissioning, operation and 
decommissioning of a nuclear installation shall be previously authorized and licensed by the Regulatory Authority.  

In the field of Research Reactors, the ARN controls six installations: three Research Reactors and three Critical 
Facilities (one in extended shutdown). This paper describes the legal and regulatory framework, as well as the 
regulatory activities that ARN applies to the decommissioning of Research Reactors and Critical Assemblies in 
Argentina 

1. Introduction 
In Argentina there are two nuclear power plants in operation, a third one in delayed construction, three 
critical assemblies, three research and isotope production reactors, one dismantled critical assembly, 25 
major radioactive facilities and approximately 1,500 facilities for medical, industrial, research, education 
and training purposes which use radioactive materials or sources.  

The regulatory responsibilities and tasks in the nuclear field cover radiological protection and nuclear 
safety, safeguards and physical protection.  

Regarding radiological and nuclear safety in research reactors and critical assemblies, the regulatory 
activities are directed at controlling the aforementioned six facilities, analyzing safety-related documents, 
assessing safety during operation, and verifying by means of regulatory inspections and audits the 
compliance with the provisions of the pertinent licenses, the applicable regulatory standards and other 
requirements. 

The principal characteristics of the Argentinean research reactors and critical assembliess are given in the 
tables below: 
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2. Research reactors and critical assemblies in Argentina 
Table 1. Critical assemblies 

RA-0 RA-2 RA-4 RA-8 

Power (w) 1 1 1 10 

Type Tank Tank Homogeneous Tank 

Utilization Education and 
training 

RA-3 critical 
assembly 

Teaching and training CAREM fuel test 

Fuel U02 UAl U02 U02

Fuel element Rods Mtr Polyethylene plates Rods 

Enrichment
(%) 

20 90 20 1.8 AND 3.4 

Status Operational Dismantled Operational Extended shutdown 

Place University – Còrdoba Constituyentes  
atomic centre 

University-Rosario Pilcaniyeu  

Criticality 1970  1971 1998 

Table 2. Research reactors 

 RA-1 RA-3 RA-6 1

Power (kW) 40 10000 500 

Type Tank Tank Tank 

Utilization Research, training, BNCT, 
material test 

Radioisotope Production, 
research, activation analysis 

Research, training, BNCT, 
activation analysis 

Fuel UO2 UO2, USI UO2

Fuel element Rods MTR MTR 

Enrichment 20 20 90 

Status Operational Operational Operational 

Place Constituyentes  atomic 
centre

Ezeiza atomic centre Bariloche atomic centre 

First Criticality 1958 1967 1982 

Notes:  RA-2, low power reactor, was used to test cores to be used in RA-3 Research Reactor. 

BNCT: Boron Neutron Capture Therapy 

USI:    Uranium Silicon fuel elements 

1 RA-6 is foreseen to increase power up to 3 MW and to replace HEU to LEU (from 90% to 20%). 

3. Legal framework 
From 1950 to 1994 the National Atomic Energy Commission (CNEA) was the only state institution in the 
nuclear field and had, among other areas of competence, the responsibility for regulatory control in the 
field of radiological and nuclear safety, safeguards and physical protection.  

In 1994 the Government created a new and independent institution through the Decree No 1540/94, the 
National Board of Nuclear Regulation (ENREN), and transferred to it the authority, the personnel and 
infrastructure for regulating nuclear activities in the country. The Nuclear Regulatory Authority (ARN) 
was established as an autonomous body reporting to the Presidency of Argentina by Act 24,804 known as 
the Nuclear Activity National Act, which came into force on April 25, 1997, and is empowered to regulate 
and control the nuclear activity with regard to radiation and nuclear safety, physical protection and nuclear 
non-proliferation issues. It must also advise the Government on issues under its purview.  

The objective of the ARN is to establish, develop and enforce a regulatory system applicable to all nuclear 
activities carried out in Argentina2. The goals of this regulatory system are: 

� To provide an appropriate standard of protection for individuals against the harmful effects of 
ionizing radiation. 

� To maintain a reasonable degree of radiological and nuclear safety in the nuclear activities 
performed in Argentina. 

� To ensure that nuclear activities are not implemented if they are not in compliance with the law and 
regulations, as well as the international agreements and the non-proliferation policies adopted by 
Argentina.

� To alert the commission of intentional actions which may either have severe radiological 
consequences or lead to the unauthorized removal of nuclear materials or other materials or 
equipment subject to control. 

The Act N° 24804 establishes also that CNEA is the institution responsible for determining the 
decommissioning of nuclear power plants and any significant radioactive facility.  

4. Regulatory framework 
With the purpose of fulfilling the objectives before mentioned, the ARN has developed and has been 
provided with: Legal competence: in other words, it is an entity established by law, with missions and 
functions clearly established and legally recognized. Those included are: 

(a) Technical competence: ARN has a staff suitably trained, with a high percentage of professionals, 
mainly postgraduates.  

(b) Operational capability: it has adequate infrastructure, equipment and budget for the fulfillment of 
his functions.  

Act No 24804 (it should be noted that initially ENREN was empowered to this role by means of Decree 
506/95) empowers the Regulatory Body to issue and enforce its own standards, with the aim at regulating 
and controlling nuclear activities across the whole national territory.  

The regulatory standards are based on criteria, which are part of the performance-based philosophy 
sustained by the regulatory system, concerning radiological and nuclear safety, safeguards and physical 
protection. Such criteria are in agreement with the recommendations issued by international scientific 
bodies (mainly IAEA, ICRP, UNSCEAR, WHO). Therefore the regulatory standards are mainly based on 
the performance approach, that is to say, they establish the fulfillment of safety objectives. The 

2 The regulatory system and activities were established and implemented a long time ago, but as one branch within 
the National Atomic Energy Commission 
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2. Research reactors and critical assemblies in Argentina 
Table 1. Critical assemblies 

RA-0 RA-2 RA-4 RA-8 

Power (w) 1 1 1 10 

Type Tank Tank Homogeneous Tank 

Utilization Education and 
training 

RA-3 critical 
assembly 

Teaching and training CAREM fuel test 

Fuel U02 UAl U02 U02

Fuel element Rods Mtr Polyethylene plates Rods 

Enrichment
(%) 

20 90 20 1.8 AND 3.4 

Status Operational Dismantled Operational Extended shutdown 

Place University – Còrdoba Constituyentes  
atomic centre 

University-Rosario Pilcaniyeu  

Criticality 1970  1971 1998 

Table 2. Research reactors 

 RA-1 RA-3 RA-6 1

Power (kW) 40 10000 500 

Type Tank Tank Tank 

Utilization Research, training, BNCT, 
material test 

Radioisotope Production, 
research, activation analysis 

Research, training, BNCT, 
activation analysis 

Fuel UO2 UO2, USI UO2

Fuel element Rods MTR MTR 

Enrichment 20 20 90 

Status Operational Operational Operational 

Place Constituyentes  atomic 
centre

Ezeiza atomic centre Bariloche atomic centre 

First Criticality 1958 1967 1982 

Notes:  RA-2, low power reactor, was used to test cores to be used in RA-3 Research Reactor. 

BNCT: Boron Neutron Capture Therapy 

USI:    Uranium Silicon fuel elements 

1 RA-6 is foreseen to increase power up to 3 MW and to replace HEU to LEU (from 90% to 20%). 
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The Act N° 24804 establishes also that CNEA is the institution responsible for determining the 
decommissioning of nuclear power plants and any significant radioactive facility.  

4. Regulatory framework 
With the purpose of fulfilling the objectives before mentioned, the ARN has developed and has been 
provided with: Legal competence: in other words, it is an entity established by law, with missions and 
functions clearly established and legally recognized. Those included are: 

(a) Technical competence: ARN has a staff suitably trained, with a high percentage of professionals, 
mainly postgraduates.  

(b) Operational capability: it has adequate infrastructure, equipment and budget for the fulfillment of 
his functions.  

Act No 24804 (it should be noted that initially ENREN was empowered to this role by means of Decree 
506/95) empowers the Regulatory Body to issue and enforce its own standards, with the aim at regulating 
and controlling nuclear activities across the whole national territory.  

The regulatory standards are based on criteria, which are part of the performance-based philosophy 
sustained by the regulatory system, concerning radiological and nuclear safety, safeguards and physical 
protection. Such criteria are in agreement with the recommendations issued by international scientific 
bodies (mainly IAEA, ICRP, UNSCEAR, WHO). Therefore the regulatory standards are mainly based on 
the performance approach, that is to say, they establish the fulfillment of safety objectives. The 

2 The regulatory system and activities were established and implemented a long time ago, but as one branch within 
the National Atomic Energy Commission 
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Responsible Organization must demonstrate, to the satisfaction of the Regulatory Authority, that such 
objectives are fulfilled. ‘how’ to comply with them is one of the responsibilities of the Responsible 
Organization.

The regulatory standards establish that for starting the construction, commissioning, operation and 
decommissioning of a nuclear facility the Responsible Organization must previously possess the 
corresponding license, requested by the Responsible Organization and issued by the Regulatory Authority. 
The license validity is subordinated to compliance with stipulated conditions and with the applicable 
standards and requirements. 

Four main regulatory standards are applicable to the decommissioning of nuclear installations in 
Argentina. One of them is specific and the other three have general requirements for the licensing of 
nuclear installations and for radiological and waste safety. They are:  

1. Licensing of class I installations, AR 0.0.1, Rev.2 (2002) 

The basic concepts of this standard are:

A license issued by the Regulatory Authority is required for the construction, commissioning, operation 
and decommissioning of an installation life-cycle. 

A Responsible Organization must be identified for each stage.  

This Responsible Organization is accountable for the nuclear and radiological safety of the installation in 
each of its stages: construction, commissioning, operation and decommissioning. 

For each facility the Responsible Organization must identify a qualified staff member, called the Primary 
Responsible, who is assigned the direct responsibility for the nuclear and radiological safety of the 
installation.

The Responsible Organization shall submit in due time to the Regulatory Authority the technical 
documents required for the safety assessment of the installation stage for which the license is requested. 

2. Basic Standard for Radiological Safety, AR 10.1.1, Rev.3 (2001). 

This standard provides the radiological criteria to be applied to all installations and tasks at all stages of 
their life: construction3, commissioning, operation and decommissioning. It is coherent with ICRP 60 
recommendations and related IAEA Safety Standards. 

3. Decommissioning of nuclear power plants, AR 3.17.1, Rev.2 (2001) 

This standard establishes the general requirements for the decommissioning stage. The main requirements 
are:

The Responsible Organization, holder of the Decommissioning License, is responsible for the planning 
and provision of the necessary resources for the safe decommissioning of the nuclear power plant. 

Previous approval by the Regulatory Authority is required for implementing of the Programme. 

The Decommissioning Programme shall include all the necessary steps for ensuring the adequate 
radiological protection with a minimal ad hoc surveillance after decommissioning. 

The Responsible Organization may delegate tasks for performing decommissioning, either totally or 
partially, to third parties, but keeping all responsibilities. During the decommissioning process, the 
Responsible Organization (or Operating Organization in accordance with IAEA terminology) shall 
contemplate and submit to Regulatory Authority consideration, the following: 

(a) Management of the project; 

3 For the Regulatory Authority the licence for construction include siting and safety-related design aspects. 

(b) Site management; 

(c) Role and responsibilities of the organizations involved; 

(d) Radiation protection; 

(e) Quality systems; 

(f) Waste segregation, conditioning, transport and disposal if any; 

(g) Surveillance after completion of partial stages of decommissioning; 

(h) Physical protection; and 

(i) Safeguards and non-proliferation commitments. 

If the dismantling is deferred for a significant period of time after final shutdown, the Responsible 
Organization shall provide adequate custody for drawings, reports, data and all the relevant documents for 
decommissioning. In this case, the Responsible Organization shall keep its responsibilities during this 
period, maintaining in operation all the safety systems required to keep the facility in safe conditions.  

4. Radioactive waste management, AR 10.12.1, Rev.1 (2002). 

This is the specific standard for waste safety issued by ARN. It complements the standard AR 10.1.1 in 
radioactive waste management aspects, and includes a set of criteria that are coherent with internationally 
recommendations and principles to be applied in this field. 

Other applicable regulatory standards are: AR 0.11.1 Licensing of personnel, AR 3.1.1 Occupational 
Exposure, AR 3.1.2 Limitation of Radioactive Effluents and AR 3.6.1 Quality system for nuclear power 
reactors. In the last standard emphasis is given to grading, so the standard can be applied to all nuclear 
facilities on a case-by-case basis using the graded approach. 

5. Regulatory activities 
As of today, there are no decommissioning projects for research reactors foreseen in the near future, so the 
regulatory action is focused on the control of reports and other documents which will be necessary and 
applicable in due time. 

In addition to requirements established in the regulatory standards previously mentioned, there is one 
specifically included in the operation licenses: the Preliminary Decommissioning Plan. 

This mandatory document, the Preliminary Decommissioning Plan, includes topics related to document 
management, record-keeping and special tasks oriented to decommissioning The Operating Organization 
must collect and archive the following documentation during the operation stage  

Documents

� Safety analysis report; 

� Technical manuals; 

� Technical specifications (limits and conditions); 

� Complete drawings, photographs and technical descriptions of building, systems, experimental 
facilities and components;

� Design change reports and updated drawings; 

� Modifications to the original design; and 

� Quality records (such as deficiencies, corrective actions, etc.). 
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Responsible Organization must demonstrate, to the satisfaction of the Regulatory Authority, that such 
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Organization.

The regulatory standards establish that for starting the construction, commissioning, operation and 
decommissioning of a nuclear facility the Responsible Organization must previously possess the 
corresponding license, requested by the Responsible Organization and issued by the Regulatory Authority. 
The license validity is subordinated to compliance with stipulated conditions and with the applicable 
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Argentina. One of them is specific and the other three have general requirements for the licensing of 
nuclear installations and for radiological and waste safety. They are:  
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This standard provides the radiological criteria to be applied to all installations and tasks at all stages of 
their life: construction3, commissioning, operation and decommissioning. It is coherent with ICRP 60 
recommendations and related IAEA Safety Standards. 

3. Decommissioning of nuclear power plants, AR 3.17.1, Rev.2 (2001) 

This standard establishes the general requirements for the decommissioning stage. The main requirements 
are:

The Responsible Organization, holder of the Decommissioning License, is responsible for the planning 
and provision of the necessary resources for the safe decommissioning of the nuclear power plant. 

Previous approval by the Regulatory Authority is required for implementing of the Programme. 

The Decommissioning Programme shall include all the necessary steps for ensuring the adequate 
radiological protection with a minimal ad hoc surveillance after decommissioning. 

The Responsible Organization may delegate tasks for performing decommissioning, either totally or 
partially, to third parties, but keeping all responsibilities. During the decommissioning process, the 
Responsible Organization (or Operating Organization in accordance with IAEA terminology) shall 
contemplate and submit to Regulatory Authority consideration, the following: 

(a) Management of the project; 

3 For the Regulatory Authority the licence for construction include siting and safety-related design aspects. 

(b) Site management; 

(c) Role and responsibilities of the organizations involved; 

(d) Radiation protection; 

(e) Quality systems; 

(f) Waste segregation, conditioning, transport and disposal if any; 

(g) Surveillance after completion of partial stages of decommissioning; 

(h) Physical protection; and 

(i) Safeguards and non-proliferation commitments. 

If the dismantling is deferred for a significant period of time after final shutdown, the Responsible 
Organization shall provide adequate custody for drawings, reports, data and all the relevant documents for 
decommissioning. In this case, the Responsible Organization shall keep its responsibilities during this 
period, maintaining in operation all the safety systems required to keep the facility in safe conditions.  

4. Radioactive waste management, AR 10.12.1, Rev.1 (2002). 

This is the specific standard for waste safety issued by ARN. It complements the standard AR 10.1.1 in 
radioactive waste management aspects, and includes a set of criteria that are coherent with internationally 
recommendations and principles to be applied in this field. 

Other applicable regulatory standards are: AR 0.11.1 Licensing of personnel, AR 3.1.1 Occupational 
Exposure, AR 3.1.2 Limitation of Radioactive Effluents and AR 3.6.1 Quality system for nuclear power 
reactors. In the last standard emphasis is given to grading, so the standard can be applied to all nuclear 
facilities on a case-by-case basis using the graded approach. 

5. Regulatory activities 
As of today, there are no decommissioning projects for research reactors foreseen in the near future, so the 
regulatory action is focused on the control of reports and other documents which will be necessary and 
applicable in due time. 

In addition to requirements established in the regulatory standards previously mentioned, there is one 
specifically included in the operation licenses: the Preliminary Decommissioning Plan. 

This mandatory document, the Preliminary Decommissioning Plan, includes topics related to document 
management, record-keeping and special tasks oriented to decommissioning The Operating Organization 
must collect and archive the following documentation during the operation stage  

Documents

� Safety analysis report; 

� Technical manuals; 

� Technical specifications (limits and conditions); 

� Complete drawings, photographs and technical descriptions of building, systems, experimental 
facilities and components;

� Design change reports and updated drawings; 

� Modifications to the original design; and 

� Quality records (such as deficiencies, corrective actions, etc.). 
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Records

� Effluent management records and locations; 

� Waste management records and locations; 

� Radiation source management records and locations; 

� Records of neutron flux and distribution; 

� Radioisotope management and locations; 

� Radioprotection records (doses rates, contamination levels, radiation and contamination survey 
data, etc.); 

� Samples of irradiated materials and probes; 

� Operation and maintenance reports; 

� Hazardous material inventories; 

� Abnormal events reports (fuel failures; incidents leading to spillage or inadvertent release of 
radioactive material); 

� Staff records. 

On the other hand it is stated in the operation license that at least one year before the date of planned 
decommissioning, the Decommissioning Plan must be submitted to the Regulatory Body. The content of 
this plan must be coherent with IAEA SRS N° 45 Standard format and content for safety related 
decommissioning documents and Safety Guide WS-G-2.1 Decommissioning of nuclear power plants and 
research reactors.
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Abstract. Like many countries, Romania has started the decommissioning of small nuclear and 
radiological facilities as well as the decommissioning of research reactors. The regulatory framework for 
decommissioning as well as decommissioning licensing process in Romania are briefly described. The main 
regulations on decommissioning issued by regulatory authority either in force or in planning are presented. The 
paper describes the content of the technical documentation for getting the decommissioning license, andcontent 
and format of the decommissioning plan to be prepared and submitted by operator. The decommissioning 
licenses issued until now as well as a description of decommissioning activities in Romania are presented. As an 
example the decommissioning activities at MultiZonal Research Reactor located on Pitesti site are presented. 
The paper described, also, the major problems met during the regulatory review of the 6 editions of 
decommissioning plan for the WWR-S research reactor and the progress made in the implementation of 
decommissioning activities. The WWR-S research reactor located on Magurele site is now in permanent shut 
down state under the  preservation and clean up license. 

1. Introduction 
In Romania, the radioactive waste results from different activities such as: production of nuclear 
energy, use of radioisotopes in medicine, agriculture, industry and from research. In addition, the 
extraction and preparation of nuclear fuel from uranium ore represents a main source of radioactive 
waste.  

According to the Law no. 111/1996 on the safe deployment of nuclear activities, with the subsequent 
completions and modifications, republished in 2004, the National Commission for Nuclear Activity 
Control (CNCAN) is the competent authority in the nuclear field [1]. 

Under this Law, CNCAN is the regulatory and authorization body, having responsibilities in the field 
of nuclear safety, radiation protection, radioactive waste management, quality assurance, physical 
protection, emergency preparedness, safeguards, export control, transport, operator certification, 
nuclear liability, international co-operation with foreign counterparts and expert international 
organisations, and strict observance and enforcement of Romania’s international commitment to the 
peaceful uses of nuclear energy under bilateral co-operation agreements and contracts,  etc. This Law 
also establishes the competencies, responsibilities and obligations of CNCAN and other organisations 
and institutions involved in the nuclear area. This Law applies to all nuclear activities, including the 
activities relating to radioactive waste management. 

In order to manage the nuclear activities safely the CNCAN as regulatory authority is empowered to 
issue regulations specifying the safety requirements. 

2. Regulatory framework 

2.1. Law No. 320/2003 
The law No. 320/2003 enforcing the Government Ordinance no. 11/2002 on the management of spent 
nuclear fuel and radioactive waste, including final disposal, was published in the Official Law Bulletin 
of Romania.  

In particular, The law 320/2003 establishes the National Agency for Radioactive Waste (ANDRAD) 
as the waste management authority for coordination of activities related to radioactive waste. 
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Abstract. Like many countries, Romania has started the decommissioning of small nuclear and 
radiological facilities as well as the decommissioning of research reactors. The regulatory framework for 
decommissioning as well as decommissioning licensing process in Romania are briefly described. The main 
regulations on decommissioning issued by regulatory authority either in force or in planning are presented. The 
paper describes the content of the technical documentation for getting the decommissioning license, andcontent 
and format of the decommissioning plan to be prepared and submitted by operator. The decommissioning 
licenses issued until now as well as a description of decommissioning activities in Romania are presented. As an 
example the decommissioning activities at MultiZonal Research Reactor located on Pitesti site are presented. 
The paper described, also, the major problems met during the regulatory review of the 6 editions of 
decommissioning plan for the WWR-S research reactor and the progress made in the implementation of 
decommissioning activities. The WWR-S research reactor located on Magurele site is now in permanent shut 
down state under the  preservation and clean up license. 

1. Introduction 
In Romania, the radioactive waste results from different activities such as: production of nuclear 
energy, use of radioisotopes in medicine, agriculture, industry and from research. In addition, the 
extraction and preparation of nuclear fuel from uranium ore represents a main source of radioactive 
waste.  

According to the Law no. 111/1996 on the safe deployment of nuclear activities, with the subsequent 
completions and modifications, republished in 2004, the National Commission for Nuclear Activity 
Control (CNCAN) is the competent authority in the nuclear field [1]. 

Under this Law, CNCAN is the regulatory and authorization body, having responsibilities in the field 
of nuclear safety, radiation protection, radioactive waste management, quality assurance, physical 
protection, emergency preparedness, safeguards, export control, transport, operator certification, 
nuclear liability, international co-operation with foreign counterparts and expert international 
organisations, and strict observance and enforcement of Romania’s international commitment to the 
peaceful uses of nuclear energy under bilateral co-operation agreements and contracts,  etc. This Law 
also establishes the competencies, responsibilities and obligations of CNCAN and other organisations 
and institutions involved in the nuclear area. This Law applies to all nuclear activities, including the 
activities relating to radioactive waste management. 

In order to manage the nuclear activities safely the CNCAN as regulatory authority is empowered to 
issue regulations specifying the safety requirements. 

2. Regulatory framework 

2.1. Law No. 320/2003 
The law No. 320/2003 enforcing the Government Ordinance no. 11/2002 on the management of spent 
nuclear fuel and radioactive waste, including final disposal, was published in the Official Law Bulletin 
of Romania.  

In particular, The law 320/2003 establishes the National Agency for Radioactive Waste (ANDRAD) 
as the waste management authority for coordination of activities related to radioactive waste. 
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The main duties of ANDRAD are the following:  

� Co-ordinates the of management of nuclear spent fuel and radioactive waste; 

� Is responsible for disposal of nuclear spent fuel and  radioactive waste; 

� Issues  the national strategy for safe management of nuclear spent fuel and radioactive waste; 

� Creates and maintains the national data base regarding the spent fuel and radioactive waste; 

� Assesses the characteristics of spent fuel and radioactive waste in view of their management. 

The law is applied to the safe management of nuclear waste resulting from both nuclear fuel cycle and 
from non nuclear activities. 

Later on ANDRAD issued the Ordinance 844/2004 on the approvaling of medium and long term 
strategy on regarding the management of spent nuclear fuel and radioactive waste. The strategy 
established the activities, responsibilities and time frame as well as an action plan for implementing of 
the national strategy. 

2.2. Law No. 105/1999 
Law No. 105/1999 on the ratification of the Vienna Joint Convention on the Safety of Spent Fuel 
Management and on the Safety of Radioactive Waste Management of 1997, September 5th – was 
published in the Official Law Bulletin of Romania. 

By ratification of this Convention Romania assumes fully responsibility for the safe management of 
the radioactive waste, meaning the protection of occupationally exposed personnel, the public, 
environment and property, now and in the future. 

The Convention applies to safe management of radioactive waste arising from civilian applications 
and radioactive waste discharges.  

2.3. Radiological safety fundamental Norms (NSR-01) 
This regulation was approved by president of CNCAN by Order no. 14/2000 and published in the 
Official Law Bulletin of Romania. 

2.4. The fundamental Norms on safe management of radioactive waste (NDR-01) 
This regulation was approved by president of CNCAN Order no. 56/2004 and published in the Official 
Law Bulletin of Romania. The regulation is based on the IAEA SS no. 111-F “The principles of 
radioactive waste management”. This contains the principles of the safe management of radioactive 
waste as well as the requirements for the fulfilling of these principles. 

The regulation is applied to all activities involving safe radioactive waste management, from their 
generation to final disposal. The stages of radioactive waste management - pre-treatment, treatment, 
conditioning, interim storage (predisposal) and final disposal - are defined in an Appendix of these 
Norms. 

2.5. Norms on clearance levels of radioactive materials arising from authorized nuclear 
activtieis (NDR-02) 
The regulation was approved by the president CNCAN Order no. 62/2004 and published in the 
Official Law Bulletin of Romania. The regulation completes the requirements of Radiological Safety 
Fundamental Norms (NSR-01) and contains the methodology for approving by CNCAN of the 
conditional or unconditional clearance of materials. The regulation does not contain the levels for 
clearance. The levels for clearance are established by Radiological Safety Fundamental Norms (NSR-
01). 

2.6. Norms for classification of radioactive waste (NDR-04) 
According to the norms the classification of radioactive waste is performed by the generator. The 
objective of these norms is to establish the requirements on radioactive waste classification. The 
Norms propose a classification based on the IAEA SS 111-G-1.1 “The classification of radioactive 

waste”. The radioactive waste shall be classified as: exempt waste, transition waste, very low level 
waste, short lived low and intermediate level waste (LILW – SL), long lived low and intermediate 
level waste (LILW – LL), high level waste (HLW). The activity limits for each waste class are not 
specified in this regulation, they are to be subsequently established by CNCAN.  

2.7. Radiological safety Norms for radioactive waste originated from uranium and 
thorium mining and milling (NMR-02) 
These Norms were approved by president CNCAN Order no. 192/2002 and published in the Official 
Law Bulletin of Romania. 

The regulation is based on the IAEA safety standards and it completes the requirements of 
Radiological Safety Fundamental Norms (NSR-01). This regulation contains the requirements for 
siting, construction, operating and decommissioning of radioactive waste facilities from uranium 
mining and milling.    

2.8. Norms for near surface disposal of radiaoctive waste 
This regulation is based on the IAEA Safety Standard Series No. WS-R-1 “Near Surface Disposal of 
radioactive waste”. This regulation shall contain the general requirements for near surface disposal of 
radioactive waste including the safety assessment, waste acceptance, characteristics of the site, design 
of disposal facilities, construction, operation and closure of the facility and post closure phase. 

2.9. Norms for decommissioning of nuclear facilities (NSR-12) 
This regulation applies to decommissioning of following nuclear installations: Research Reactors, 
Subcritical Assemblies, Radioactive waste treatment plants, Intermediate stores of spent nuclear fuels, 
Intermediate stores of radioactive waste. The regulation establishes the conditions and steps necessary 
for decommissioning of nuclear installations, with the purpose of release from licensing regime. 

3. Decommissioning steps 
According to the regulation on the decommissioning of nuclear facilities mentioned above  the 
decommissioning steps are[2]: 

� Elaboration and approval of decommissioning plan; 

� Issuing the official decision for permanent shutdown; 

� Obtaining the license for nuclear fuel removal from nuclear installation; 

� Removal of nuclear fuel from nuclear installation; 

� Elaboration of licensing documentation and submission to CNCAN; 

� Obtaining the decommissioning license; 

� Implementation of decommissioning activities according to decommissioning license; 

� Issuing the Final Decommissioning Report at the end of decommissioning activities; 

� Issuing the Final Radiological Survey Report; 

� Upon request from CNCAN, obtaining the Certificate of fulfilment of conditions for release 
from nuclear licensing regime. 

In order to get the decommissioning license, the licensee must submit to CNCAN the following 
documentation [2]: 

� Application for license; 

� Nomination of the person responsible for nuclear installation during decommissioning; 

� Document which prove the technical capabilities and licenses required by law for organizations 
an persons involved in decommissioning;  

� Prove of financial capabilities; 
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The main duties of ANDRAD are the following:  

� Co-ordinates the of management of nuclear spent fuel and radioactive waste; 

� Is responsible for disposal of nuclear spent fuel and  radioactive waste; 

� Issues  the national strategy for safe management of nuclear spent fuel and radioactive waste; 

� Creates and maintains the national data base regarding the spent fuel and radioactive waste; 

� Assesses the characteristics of spent fuel and radioactive waste in view of their management. 

The law is applied to the safe management of nuclear waste resulting from both nuclear fuel cycle and 
from non nuclear activities. 

Later on ANDRAD issued the Ordinance 844/2004 on the approvaling of medium and long term 
strategy on regarding the management of spent nuclear fuel and radioactive waste. The strategy 
established the activities, responsibilities and time frame as well as an action plan for implementing of 
the national strategy. 

2.2. Law No. 105/1999 
Law No. 105/1999 on the ratification of the Vienna Joint Convention on the Safety of Spent Fuel 
Management and on the Safety of Radioactive Waste Management of 1997, September 5th – was 
published in the Official Law Bulletin of Romania. 

By ratification of this Convention Romania assumes fully responsibility for the safe management of 
the radioactive waste, meaning the protection of occupationally exposed personnel, the public, 
environment and property, now and in the future. 

The Convention applies to safe management of radioactive waste arising from civilian applications 
and radioactive waste discharges.  

2.3. Radiological safety fundamental Norms (NSR-01) 
This regulation was approved by president of CNCAN by Order no. 14/2000 and published in the 
Official Law Bulletin of Romania. 

2.4. The fundamental Norms on safe management of radioactive waste (NDR-01) 
This regulation was approved by president of CNCAN Order no. 56/2004 and published in the Official 
Law Bulletin of Romania. The regulation is based on the IAEA SS no. 111-F “The principles of 
radioactive waste management”. This contains the principles of the safe management of radioactive 
waste as well as the requirements for the fulfilling of these principles. 

The regulation is applied to all activities involving safe radioactive waste management, from their 
generation to final disposal. The stages of radioactive waste management - pre-treatment, treatment, 
conditioning, interim storage (predisposal) and final disposal - are defined in an Appendix of these 
Norms. 

2.5. Norms on clearance levels of radioactive materials arising from authorized nuclear 
activtieis (NDR-02) 
The regulation was approved by the president CNCAN Order no. 62/2004 and published in the 
Official Law Bulletin of Romania. The regulation completes the requirements of Radiological Safety 
Fundamental Norms (NSR-01) and contains the methodology for approving by CNCAN of the 
conditional or unconditional clearance of materials. The regulation does not contain the levels for 
clearance. The levels for clearance are established by Radiological Safety Fundamental Norms (NSR-
01). 

2.6. Norms for classification of radioactive waste (NDR-04) 
According to the norms the classification of radioactive waste is performed by the generator. The 
objective of these norms is to establish the requirements on radioactive waste classification. The 
Norms propose a classification based on the IAEA SS 111-G-1.1 “The classification of radioactive 

waste”. The radioactive waste shall be classified as: exempt waste, transition waste, very low level 
waste, short lived low and intermediate level waste (LILW – SL), long lived low and intermediate 
level waste (LILW – LL), high level waste (HLW). The activity limits for each waste class are not 
specified in this regulation, they are to be subsequently established by CNCAN.  

2.7. Radiological safety Norms for radioactive waste originated from uranium and 
thorium mining and milling (NMR-02) 
These Norms were approved by president CNCAN Order no. 192/2002 and published in the Official 
Law Bulletin of Romania. 

The regulation is based on the IAEA safety standards and it completes the requirements of 
Radiological Safety Fundamental Norms (NSR-01). This regulation contains the requirements for 
siting, construction, operating and decommissioning of radioactive waste facilities from uranium 
mining and milling.    

2.8. Norms for near surface disposal of radiaoctive waste 
This regulation is based on the IAEA Safety Standard Series No. WS-R-1 “Near Surface Disposal of 
radioactive waste”. This regulation shall contain the general requirements for near surface disposal of 
radioactive waste including the safety assessment, waste acceptance, characteristics of the site, design 
of disposal facilities, construction, operation and closure of the facility and post closure phase. 

2.9. Norms for decommissioning of nuclear facilities (NSR-12) 
This regulation applies to decommissioning of following nuclear installations: Research Reactors, 
Subcritical Assemblies, Radioactive waste treatment plants, Intermediate stores of spent nuclear fuels, 
Intermediate stores of radioactive waste. The regulation establishes the conditions and steps necessary 
for decommissioning of nuclear installations, with the purpose of release from licensing regime. 

3. Decommissioning steps 
According to the regulation on the decommissioning of nuclear facilities mentioned above  the 
decommissioning steps are[2]: 

� Elaboration and approval of decommissioning plan; 

� Issuing the official decision for permanent shutdown; 

� Obtaining the license for nuclear fuel removal from nuclear installation; 

� Removal of nuclear fuel from nuclear installation; 

� Elaboration of licensing documentation and submission to CNCAN; 

� Obtaining the decommissioning license; 

� Implementation of decommissioning activities according to decommissioning license; 

� Issuing the Final Decommissioning Report at the end of decommissioning activities; 

� Issuing the Final Radiological Survey Report; 

� Upon request from CNCAN, obtaining the Certificate of fulfilment of conditions for release 
from nuclear licensing regime. 

In order to get the decommissioning license, the licensee must submit to CNCAN the following 
documentation [2]: 

� Application for license; 

� Nomination of the person responsible for nuclear installation during decommissioning; 

� Document which prove the technical capabilities and licenses required by law for organizations 
an persons involved in decommissioning;  

� Prove of financial capabilities; 
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� Decommissioning Plan approved by CNCAN; 

� Official Decision for permanent shutdown of nuclear installation, published in official bulletin; 

� Documents allowing to remove the nuclear fuel from nuclear installation; 

� The list of organization/companies licensed by CNCAN, which will be involved in 
decommissioning activities, their responsibilities and the interfaces between those companies 
and the licensee; 

� The list of dosimetric equipment; 

� The list of radioactive sources in possession of the licensee; 

� Waste management program; 

� Radiation protection program, including procedures; 

� Emergency Plan; 

� Quality Assurance Manual for decommissioning ; 

� Approved safeguards procedures; 

� Physical Protection Program; 

� Approved Reporting Procedures; 

� Approved Radiological Characterization Procedures; 

� Environmental License; 

� Health License and other official documents as provided by law; 

� The proof of paying the legal taxes for decommissioning. 

The regulations specify also the format and content of the following documents: Decommissioning 
plan, Radiological survey plan, Final radiological survey plan, Final decommissioning report. Due to 
some missing items identified in the regulations, CNCAN decided to request to licence to perform the 
documents refering to the decommissioning as the IAEA Safety Reports Series No. 45 – Standard 
Format and Content for Safety Related Decommissioning Documents. 

4. Experience on the Decommissioning of Nuclear Facilities 

4.1. Decommissioning of multizonal research reactor located on Pitesti site 
The MultiZonal Research Reactor is located on Pitesti site just near the TRIGA research reactor. This 
facility was created for neutron research but it never worked as a nuclear facility. In 2004 the Institute 
for Nuclear Research the owner of this facility, decided to decommission it. In this respect, the owner 
decided to shut it down and to remove out of the records.   The owner submited to CNCAN the 
decommissioning plan in 2004 and it was approved by CNCAN 6 months later. The procedures for 
clearance as well as the radiological survey plan were approved by CNCAN. In 2005 CNCAN issued 
the decommissioning licence for MultiZonal Research Reactor. 

4.2. Decommissioning of WWER-S research reactor 
The WWER-S research reactor located on Magurele site was designated for the production of 
radioisotopes and for nuclear research. The owner of the facility is the National Institute of Research 
& Development for Physics and Nuclear Engineering –Horia Hulubei. In 1998 the reactor was 
permanently shut down and the necessary activities for its decommissioning started.  

Five revisions of Decommissioning Plan were submitted to CNCAN and none of these was approved. 
The main reasons for the rejection of this document refer to: 

� Poor estimation of quantities and types of radiaoctive waste; 

� Demonstration of capability for treatment of radioactive waste arising from decommissioning. 

Since the permanent shut down of reactor, CNCAN issued only a preservation licence for WWR-S 
Research Reactor. According to this licence only clean up activities are allowed. This means 
radiological survey of all areas which belong to reactor,  removing of all experimental installations, 
removing of contaminated and un contaminated materials from the main reactor hall. 

In 2005 CNCAN approved the clearance procedure and in 2006 approved the radiological survey plan. 

The owner of reactor requested the IAEA to set up a Technical Cooperation Project with the following 
objectives: Completion of the detailed decommissioning plan, Completion of the infrastructure for 
decommissioning, and Completion of pre-decommissioning activities. These objectives are partially 
achieved. 

REFERENCES 

[1] Law no. 111/1996 on the Safe Deployment of Nuclear Activities. 

[2] Norms on decommissioning of nuclear facilities, Romania 
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� Decommissioning Plan approved by CNCAN; 
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plan, Radiological survey plan, Final radiological survey plan, Final decommissioning report. Due to 
some missing items identified in the regulations, CNCAN decided to request to licence to perform the 
documents refering to the decommissioning as the IAEA Safety Reports Series No. 45 – Standard 
Format and Content for Safety Related Decommissioning Documents. 
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4.1. Decommissioning of multizonal research reactor located on Pitesti site 
The MultiZonal Research Reactor is located on Pitesti site just near the TRIGA research reactor. This 
facility was created for neutron research but it never worked as a nuclear facility. In 2004 the Institute 
for Nuclear Research the owner of this facility, decided to decommission it. In this respect, the owner 
decided to shut it down and to remove out of the records.   The owner submited to CNCAN the 
decommissioning plan in 2004 and it was approved by CNCAN 6 months later. The procedures for 
clearance as well as the radiological survey plan were approved by CNCAN. In 2005 CNCAN issued 
the decommissioning licence for MultiZonal Research Reactor. 

4.2. Decommissioning of WWER-S research reactor 
The WWER-S research reactor located on Magurele site was designated for the production of 
radioisotopes and for nuclear research. The owner of the facility is the National Institute of Research 
& Development for Physics and Nuclear Engineering –Horia Hulubei. In 1998 the reactor was 
permanently shut down and the necessary activities for its decommissioning started.  

Five revisions of Decommissioning Plan were submitted to CNCAN and none of these was approved. 
The main reasons for the rejection of this document refer to: 

� Poor estimation of quantities and types of radiaoctive waste; 

� Demonstration of capability for treatment of radioactive waste arising from decommissioning. 

Since the permanent shut down of reactor, CNCAN issued only a preservation licence for WWR-S 
Research Reactor. According to this licence only clean up activities are allowed. This means 
radiological survey of all areas which belong to reactor,  removing of all experimental installations, 
removing of contaminated and un contaminated materials from the main reactor hall. 

In 2005 CNCAN approved the clearance procedure and in 2006 approved the radiological survey plan. 

The owner of reactor requested the IAEA to set up a Technical Cooperation Project with the following 
objectives: Completion of the detailed decommissioning plan, Completion of the infrastructure for 
decommissioning, and Completion of pre-decommissioning activities. These objectives are partially 
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Chernobyl NPP decommissioning aspects and (shelter object» transformation into 
ecologically safe system 

T. Kilochytska 

State Nuclear Regulatory Committee, 
Ukraine 

Abstract. The presentation gives the information about the normative and legal basis for the licensing 
process of decommissioning of the power units 1, 2, 3 of Chernobyl Nuclear Power Plant (hereinafter refers to as 
ChNPP) and the Object Shelter (hereinafter refers to as SO) transformation in the ecologically safe system and 
resolution of radioactive wastes (hereinafter refers to as RAW) management at the ChNPP industrial site. Also 
this presentation gives some photos that demonstrate the ruined Unit 4 of ChNPP in the beginning of May 1986 
(Photo 1, 2)  and  the Object Shelter now (Photo 3, 4, 5, 6). 

1. Introduction 
Since the beyond-design-basis accident at ChNPP Unit 4 occurred in April of 1986 this NPP has been 
permanently under focus of the Ukrainian government, the public and the international community. 
Attention is primarily associated with the Object Shelter, which is the damaged Unit 4 at ChNPP. 
Interest is also shown in a number of different projects, which are related to decommissioning of 
ChNPP Units 1, 2 and 3. 

The State Nuclear Regulatory Committee of Ukraine (hereinafter refers to as SNRCU) emphasizes the 
highest priority of all projects being implemented at ChNPP site. This relates to the regulatory and 
legal framework and licensing activity for decommissioning the NPP, considering the early closure of 
power units and the activities, which is conducted at Object Shelter and are aimed at the 
transformation into an ecologically safe system. One of the most important current tasks is 
management of liquid and solid radioactive wastes; it relates to waste accumulated over the NPP 
operation period and also to waste, which is expected to be generated from decommissioning, 
including waste from Object Shelter and contaminated soil management. 

2. Regulatory and legal basis for decommissioning ChNPP and damaged unit 4 
As of today, apart from general laws on nuclear and radiation safety in using nuclear energy, and 
radioactive waste management, there are other laws, which cover exclusively the activities conducted 
at ChNPP; for example, the Law of Ukraine “On Further Provisions for ChNPP Decommissioning and 
OS Transformation into the Ecologically Safe System” and “On the National Program for ChNPP 
Decommissioning and  OS Transformation into the Ecologically Safe System”, which are expected to 
be shortly approved by Verkhovna Rada of Ukraine. Another important document titled “The Strategy 
for OS Transformation into the Ecologically Safe System”, which is the basic guiding document 
approved by Interdepartmental Commission for Comprehensive Resolution of ChNPP Issues; it 
reflects the direction of activities for OS transformation into the ecologically safe system and the 
comprehensive international project, which is implemented at damaged Unit 4 – i.e. Shelter 
Implementation Plan (hereinafter refers to as SIP). 

Regarding the regulatory and legal basis for decommissioning the most important acts are the 
following; “General Provisions for Safety during Decommissioning NPPs and Research Reactors”, 
“Requirements on Format and Content of Safety Analysis Report for SIP Projects”. 

3. Application of Norms and rules of nuclear and radiation safety for object shelter 
Experience in implementing of SIP projects demonstrated that a number of issues explored at the stage 
of SIP project development. Those issues are related to the application of norms and rules of nuclear 
and radiation safety for unique facilities such as the Object Shelter. The current Ukrainian regulatory 
procedures and requirements on nuclear energy facilities cannot always be applied directly to the OS 
activity. Therefore, in the course of making regulatory decisions, the SNRCU does consider the 
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resolution of radioactive wastes (hereinafter refers to as RAW) management at the ChNPP industrial site. Also 
this presentation gives some photos that demonstrate the ruined Unit 4 of ChNPP in the beginning of May 1986 
(Photo 1, 2)  and  the Object Shelter now (Photo 3, 4, 5, 6). 

1. Introduction 
Since the beyond-design-basis accident at ChNPP Unit 4 occurred in April of 1986 this NPP has been 
permanently under focus of the Ukrainian government, the public and the international community. 
Attention is primarily associated with the Object Shelter, which is the damaged Unit 4 at ChNPP. 
Interest is also shown in a number of different projects, which are related to decommissioning of 
ChNPP Units 1, 2 and 3. 

The State Nuclear Regulatory Committee of Ukraine (hereinafter refers to as SNRCU) emphasizes the 
highest priority of all projects being implemented at ChNPP site. This relates to the regulatory and 
legal framework and licensing activity for decommissioning the NPP, considering the early closure of 
power units and the activities, which is conducted at Object Shelter and are aimed at the 
transformation into an ecologically safe system. One of the most important current tasks is 
management of liquid and solid radioactive wastes; it relates to waste accumulated over the NPP 
operation period and also to waste, which is expected to be generated from decommissioning, 
including waste from Object Shelter and contaminated soil management. 

2. Regulatory and legal basis for decommissioning ChNPP and damaged unit 4 
As of today, apart from general laws on nuclear and radiation safety in using nuclear energy, and 
radioactive waste management, there are other laws, which cover exclusively the activities conducted 
at ChNPP; for example, the Law of Ukraine “On Further Provisions for ChNPP Decommissioning and 
OS Transformation into the Ecologically Safe System” and “On the National Program for ChNPP 
Decommissioning and  OS Transformation into the Ecologically Safe System”, which are expected to 
be shortly approved by Verkhovna Rada of Ukraine. Another important document titled “The Strategy 
for OS Transformation into the Ecologically Safe System”, which is the basic guiding document 
approved by Interdepartmental Commission for Comprehensive Resolution of ChNPP Issues; it 
reflects the direction of activities for OS transformation into the ecologically safe system and the 
comprehensive international project, which is implemented at damaged Unit 4 – i.e. Shelter 
Implementation Plan (hereinafter refers to as SIP). 

Regarding the regulatory and legal basis for decommissioning the most important acts are the 
following; “General Provisions for Safety during Decommissioning NPPs and Research Reactors”, 
“Requirements on Format and Content of Safety Analysis Report for SIP Projects”. 

3. Application of Norms and rules of nuclear and radiation safety for object shelter 
Experience in implementing of SIP projects demonstrated that a number of issues explored at the stage 
of SIP project development. Those issues are related to the application of norms and rules of nuclear 
and radiation safety for unique facilities such as the Object Shelter. The current Ukrainian regulatory 
procedures and requirements on nuclear energy facilities cannot always be applied directly to the OS 
activity. Therefore, in the course of making regulatory decisions, the SNRCU does consider the 
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current legal and regulatory provisions as the basis for SIP implementation but each single decision is 
made on a case-by-case basis. That is exactly the approach taken for close cooperation between 
ChNPP and regulatory bodies. 

In order to efficiently perform technical assessment of SIP projects the SNRCU has analyzed the 
application of provisions for nuclear energy facilities and relative regulatory requirements for OS and 
also developed a list of guidelines. These guidelines include requirements to specific areas of safety, 
for SIP projects. Documents specify sections and items of regulatory documents, which list 
requirements. The guidelines were delivered to ChNPP. 

The Licensee, i.e. ChNPP is permitted to independently take the most efficient technical approaches to 
implement SIP measures once they are agreed to by the regulatory bodies. However, the Licensee is 
obliged to justify in safety analysis reports that the given approach reaches the ultimate safety goals 
and meets safety principles and criteria.  

It should be also noted that the SIP licensing process is strictly regulated and streamlines project 
implementation. 

Thus during the implementation of specific SIP projects, the application of nuclear and radiation 
safety provisions and requirements given in current regulatory documents takes into account the 
specifics of forthcoming project tasks and measures, and is based on the justification and assessment. 
As a result of such analyses, specific permits are issued for each SIP activity.   

4. ChNPP licensing process 
By the Law of Ukraine “On Permissible Activity in the Sphere of the Use of Nuclear Energy” a 
license for a specific life cycle stage of nuclear facility, in particular for nuclear facility 
decommissioning is issued to Licensee on the basis of a comprehensive safety assessment of the 
nuclear facility and Licensee’s capability of achieving safety. 

License of EO Series No. 000040 dated 22.03.2002 refers to ChNPP decommissioning. 

License of EO Series No. 000033 dated 30.12.2001 refers to conduct of activities at OS. License of
EO Series No. 000033 for facility operation establishes the scope of permissible activity, conditions 
for compliance, and plans activities for OS transformation into an ecologically safe system, in 
particular as a part of SIP. It will be enforced the time of commissioning New Safe Confinement. 

It should be noted that SNRCU regulatory activities regarding ChNPP are not restricted only to issuing 
licenses. As a part of the license for nuclear facility decommissioning it is intended to issue the 
following specific permits: 

� Permits, which entitle ChNPP to carry out activities at each forthcoming decommissioning stage 
such as ultimate closure, conservation, maintenance and dismantling; 

� Permits to conduct specified types of work or operations associated with design, construction, 
commissioning, operation of RAW management facilities. 

Some clarification of ChNPP decommissioning license is appropriate here.  

Decommissioning shall denote a list of actions after removal of nuclear fuel and termination of facility 
operation, which makes impossible facility use for goals, for which it was constructed. Such actions 
will assure safety of personnel, the public and the environment.  

The decommissioning license for ChNPP was issued though nuclear fuel was still in NPP power units. 
It would have been logical to issue a permit, which entitled ChNPP to carry out removal of nuclear 
fuel from the NPP units and allowed the NPP to start preparatory works for decommissioning. But 
such a permit must be issued as a part of the operating license and at that point in time ChNPP did not 
have one. 

The termination of ChNPP operation, that is the termination of Unit 3 operation took place on 
December 15 2000; it happened before the completion of operational requirements of nuclear 
facilities. That move was fostered by a number of politicians, in the light of Ukraine’s obligation to 
meet the commitments declared in the Memo on Understanding between G-7 Countries, the European 

Commission and the Government of Ukraine regarding the Closure of ChNPP, which was signed on 
December 20 1995. 

After December 15 2000 ChNPP was removed from State Enterprise “NAEK Energoatom” and it 
became State Specialized Enterprise “Chornobyl NPP” (hereinafter refers to as SSE ChNPP), its major 
functions were the decommissioning of units 1, 2 and 3 and OS transformation into the ecologically 
safe system.  

In order to regulate a newly established enterprise the SNRCU issued a decommissioning license on 
March 22 2002.  

5. Radioactive waste management at ChNPP 
One of the most critical tasks to be implemented by SSE ChNPP in the nearest future is to commission 
liquid and solid waste management facilities at ChNPP site; those facilities would handle waste, which 
were accumulated through ChNPP operation and waste, which would be generated from ChNPP 
decommissioning. 

By means of RAW management facilities, which are under construction at ChNPP site, liquid and 
solid RAW would be removed from the existing stores, then processed by specific technologies and 
the final product of processing, which is cemented RAW in ad-hoc containers would be transported for 
burial at the near-surface facility, which is under construction at a site of State Specialized Enterprise 
“Technocenter” inside 30-km exclusion zone. 

Chernobyl site presents a great variety of the radioactive waste types: 

1. �he soil contaminated during Chernobyl accident; 

2. Chernobyl NPP operational liquid and solid radioactive wastes; 

3. Solid and liquid radioactive wastes and fuel containing masses. 

The management of these wastes and the safety regulation of these activities are effected through 
international support programs by facility operator and by Ukrainian regulatory bodies, coordinated by 
State Nuclear Regulatory Committee of Ukraine. 

Site operational activities are coordinated and organized by the “Integrated Radioactive Waste 
management programme for the Chernobyl NPP shut down stage and for the transformation of the 
Shelter object into ecologically safe system”.  

Radioactive waste management practices frequently reveal new challenges, which need timely 
response both of the operator and the regulatory bodies. 

5.1. Contaminated soil management 
Construction works (first of all excavations) produce large quantities of contaminated soil. Formally 
this soil may be classified as low to medium radioactive waste. There is a possibility to find even high-
level waste at the site. At the same time construction works need enough soil for the backfilling of the 
excavations. One problem is that backfilling with non-contaminated soil needs very big transportation 
(and funding) efforts (estimated soil volume is about 100,000 m3).  

Another problem is that contaminated soil while it stays in place has no official status. Once it is 
excavated, significant part of this soil becomes radioactive waste. So it cannot be used for the 
backfilling during the construction works and one has to transport big soil volumes for back filling 
from other places to dispose of almost the same volume of excavated soil at existing near surface 
repositories. 

So it was decided to arrange temporary storage for excavated soil, organize its classification and 
sorting, and use relatively clean materials for backfilling. 

The main point was that under any conditions the situation must be improved by the backfilling, as the 
new soil will be less contaminated than the extracted one. 
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current legal and regulatory provisions as the basis for SIP implementation but each single decision is 
made on a case-by-case basis. That is exactly the approach taken for close cooperation between 
ChNPP and regulatory bodies. 

In order to efficiently perform technical assessment of SIP projects the SNRCU has analyzed the 
application of provisions for nuclear energy facilities and relative regulatory requirements for OS and 
also developed a list of guidelines. These guidelines include requirements to specific areas of safety, 
for SIP projects. Documents specify sections and items of regulatory documents, which list 
requirements. The guidelines were delivered to ChNPP. 
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implement SIP measures once they are agreed to by the regulatory bodies. However, the Licensee is 
obliged to justify in safety analysis reports that the given approach reaches the ultimate safety goals 
and meets safety principles and criteria.  

It should be also noted that the SIP licensing process is strictly regulated and streamlines project 
implementation. 

Thus during the implementation of specific SIP projects, the application of nuclear and radiation 
safety provisions and requirements given in current regulatory documents takes into account the 
specifics of forthcoming project tasks and measures, and is based on the justification and assessment. 
As a result of such analyses, specific permits are issued for each SIP activity.   

4. ChNPP licensing process 
By the Law of Ukraine “On Permissible Activity in the Sphere of the Use of Nuclear Energy” a 
license for a specific life cycle stage of nuclear facility, in particular for nuclear facility 
decommissioning is issued to Licensee on the basis of a comprehensive safety assessment of the 
nuclear facility and Licensee’s capability of achieving safety. 

License of EO Series No. 000040 dated 22.03.2002 refers to ChNPP decommissioning. 

License of EO Series No. 000033 dated 30.12.2001 refers to conduct of activities at OS. License of
EO Series No. 000033 for facility operation establishes the scope of permissible activity, conditions 
for compliance, and plans activities for OS transformation into an ecologically safe system, in 
particular as a part of SIP. It will be enforced the time of commissioning New Safe Confinement. 

It should be noted that SNRCU regulatory activities regarding ChNPP are not restricted only to issuing 
licenses. As a part of the license for nuclear facility decommissioning it is intended to issue the 
following specific permits: 

� Permits, which entitle ChNPP to carry out activities at each forthcoming decommissioning stage 
such as ultimate closure, conservation, maintenance and dismantling; 

� Permits to conduct specified types of work or operations associated with design, construction, 
commissioning, operation of RAW management facilities. 

Some clarification of ChNPP decommissioning license is appropriate here.  

Decommissioning shall denote a list of actions after removal of nuclear fuel and termination of facility 
operation, which makes impossible facility use for goals, for which it was constructed. Such actions 
will assure safety of personnel, the public and the environment.  

The decommissioning license for ChNPP was issued though nuclear fuel was still in NPP power units. 
It would have been logical to issue a permit, which entitled ChNPP to carry out removal of nuclear 
fuel from the NPP units and allowed the NPP to start preparatory works for decommissioning. But 
such a permit must be issued as a part of the operating license and at that point in time ChNPP did not 
have one. 

The termination of ChNPP operation, that is the termination of Unit 3 operation took place on 
December 15 2000; it happened before the completion of operational requirements of nuclear 
facilities. That move was fostered by a number of politicians, in the light of Ukraine’s obligation to 
meet the commitments declared in the Memo on Understanding between G-7 Countries, the European 

Commission and the Government of Ukraine regarding the Closure of ChNPP, which was signed on 
December 20 1995. 

After December 15 2000 ChNPP was removed from State Enterprise “NAEK Energoatom” and it 
became State Specialized Enterprise “Chornobyl NPP” (hereinafter refers to as SSE ChNPP), its major 
functions were the decommissioning of units 1, 2 and 3 and OS transformation into the ecologically 
safe system.  

In order to regulate a newly established enterprise the SNRCU issued a decommissioning license on 
March 22 2002.  

5. Radioactive waste management at ChNPP 
One of the most critical tasks to be implemented by SSE ChNPP in the nearest future is to commission 
liquid and solid waste management facilities at ChNPP site; those facilities would handle waste, which 
were accumulated through ChNPP operation and waste, which would be generated from ChNPP 
decommissioning. 

By means of RAW management facilities, which are under construction at ChNPP site, liquid and 
solid RAW would be removed from the existing stores, then processed by specific technologies and 
the final product of processing, which is cemented RAW in ad-hoc containers would be transported for 
burial at the near-surface facility, which is under construction at a site of State Specialized Enterprise 
“Technocenter” inside 30-km exclusion zone. 

Chernobyl site presents a great variety of the radioactive waste types: 

1. �he soil contaminated during Chernobyl accident; 

2. Chernobyl NPP operational liquid and solid radioactive wastes; 

3. Solid and liquid radioactive wastes and fuel containing masses. 

The management of these wastes and the safety regulation of these activities are effected through 
international support programs by facility operator and by Ukrainian regulatory bodies, coordinated by 
State Nuclear Regulatory Committee of Ukraine. 

Site operational activities are coordinated and organized by the “Integrated Radioactive Waste 
management programme for the Chernobyl NPP shut down stage and for the transformation of the 
Shelter object into ecologically safe system”.  

Radioactive waste management practices frequently reveal new challenges, which need timely 
response both of the operator and the regulatory bodies. 

5.1. Contaminated soil management 
Construction works (first of all excavations) produce large quantities of contaminated soil. Formally 
this soil may be classified as low to medium radioactive waste. There is a possibility to find even high-
level waste at the site. At the same time construction works need enough soil for the backfilling of the 
excavations. One problem is that backfilling with non-contaminated soil needs very big transportation 
(and funding) efforts (estimated soil volume is about 100,000 m3).  

Another problem is that contaminated soil while it stays in place has no official status. Once it is 
excavated, significant part of this soil becomes radioactive waste. So it cannot be used for the 
backfilling during the construction works and one has to transport big soil volumes for back filling 
from other places to dispose of almost the same volume of excavated soil at existing near surface 
repositories. 

So it was decided to arrange temporary storage for excavated soil, organize its classification and 
sorting, and use relatively clean materials for backfilling. 

The main point was that under any conditions the situation must be improved by the backfilling, as the 
new soil will be less contaminated than the extracted one. 
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For this purpose the Licensee managed to get early involvement of the regulatory bodies, as described 
below and quickly developed and approved the classification criteria for the soil, as well as the project 
for the temporary storage, which is under construction now. 

5.2. Chernobyl NPP operational liquid and solid radioactive wastes 
During operation Chernobyl NPP accumulated significant quantities of solid and liquid radioactive 
wastes. These wastes will be conditioned at liquid radioactive waste treatment plant (hereinafter refers 
to as LRTP) and solid radioactive wastes at the industrial complex for solid radioactive waste 
management (hereinafter refers to as ICSRM). 

Both streams of the processed products must comply with the same criteria as to their radioactive 
content, as they will be disposed at the same near surface facility. 

The main problems for both facilities relate to the contamination of the materials by accident 
generated alpha-emitters. 

5.3. Liquid radwaste treatment plant 
This plant will treat the liquid radioactive wastes currently stored at Chernobyl NPP site. LRTP is also 
expected to take part in the management of the wastes produced by the decommissioning of the 
Chernobyl NPP Units 1, 2 and 3. 

The design lifetime of the plant is 20 years. The LRTP has the following main functions: 

� Retrieval of the waste contained in the tanks of the Liquid Radwaste Store of ChNPP by means 
of retrieval systems; 

� Transfer of the retrieved waste to the LRTP, using the existing transport piping; 

� Waste pre-treatment to comply with the requirements of the subsequent process steps; 

� Volume reduction (concentration) of the pre-treated waste; 

� Solidification of pre-treated waste by cementation to obtain a solid final product meeting safety 
requirements; 

� Conditioning of the final product into drums and loading of drums into transportation 
overpacks; 

� Radiological monitoring of drums and overpacks; 

� Monitoring and return to ChNPP of secondary liquid effluent and clean process fluid complying 
with regulatory limits. 

The LRTP will retrieve the radwaste currently stored in five 5,000 m3 tanks and nine 1,000 m3 tanks. 
These tanks are located at two different places on the ChNPP site. The 5,000 m3 tanks are located near 
the area dedicated to the LRTP. The 1,000 m3 tanks are located in a Liquid and Solid Radwaste Store 
situated about 300 m away from the plant. 

LRTP was designed and is being constructed now by BELGATOM. According to the construction 
schedule developed by ChNPP and BELGATOM the first drum with the final product is expected on 
April 25, 2006 and full contract implementation on March 20, 2007.  

The Plant is expected to be commissioned in two stages: 

� Stage 1 – the commissioning of the plant on April 25,.2006 which includes connection of one 
retrieval system (for 1,000 �3 tank), and the continuation of the assembling works for two more 
retrieval systems; 

� Stage 2 – the connection of two more retrieval systems for 5,000 �3 tank (concentrate) and 
5,000 m3 (perlite and resins) ands complete commissioning of the plant on March 20, 2007.  

The status of the works as of July 1, 2005 is as follows: 

� The 1,000 m3 tanks retrieval system is to be completed by July 8, 2005. Then it will be 
dismantled and installed at one of the appropriate tanks; 

� The 5,000 m3 tanks retrieval system mock-up is being assembled in the turbine hall. 
Simultaneously preparatory works, are initiated for two 5,000 m3 retrieval systems tests; 

� One of the 5,000 m3 tanks is prepared for the retrieval system installation. 

5.4. Industrial complex on solid radwaste management 
The ICSRM will treat the solid radioactive waste currently stored on site at Chernobyl NPP. It is also 
expected to take part in the management of the waste produced by the decommissioning of the 
Chernobyl NPP Units 1, 2 and 3. This project includes the following facilities: 

� Lot 1 - solid radioactive waste retrieval facility; 

� Lot 2 – plant for the solid radioactive waste conditioning for interim and/or final storage; 

� Lot 3 – near-surface solid radioactive waste disposal under construction at “Vector” site. 

The project is realized by NUKEM. 

Three facilities are incorporated into Complex of Solid Radioactive Waste Management, grouped in an 
integrated technological cycle. 

ICSRWM is intended for acceptance, processing, and-or disposal of SWR, either accumulated during 
operation or generated during ChNPP decommissioning and, operational RAW of the Shelter object. 

Lot 1 - Retrieval Facility for all categories of Solid Radioactive Waste retrieval from existing Solid 
Wastes Storage. Productivity of RAW retrieval is 3 m³ per day, life time is 30 years. 

Lot 2 - Solid Waste Processing Facility for all categories of Solid Radioactive Wastes sorting and low - 
and medium active Solid Waste processing.  

Capacity is 20 m³ of non processed wastes per day, capacity of incineration is 50 kg per hour (LRW), 
capacity of cementation is 10 m³ per day, installation of «low- and medium active wastes – long-living 
wastes» and «high active wastes» (LMA –LLW and HAW) packing is 1.5 m³ per day, capacity of LMA 
–LLW and HAW interim storage is 3500 m³, storage life time is 30 years.  

Lot 3 - Specially equipped near surface disposal of low and medium active short lived Solid Wastes. 
Capacity is 55000 m³ Waste packages, equipment operation lifetime at the filling stage is 30 years, 
institutional control of the isolated storage - 300 years. 

First two lots are constructed at Chernobyl industrial site, Lot 3 is at the site of «Vector» complex in 
Exclusion Zone. 

«Turn-key» construction is carried out by the Contractor, RWE NUKEM GmbH (Germany). Designing 
and construction of Industrial Complex on Solid Radioactive Wastes Management is financed by the 
European Commission and Ukraine. 

5.5. Shelter solid and liquid radioactive wastes and fuel containing materials 
The Chernobyl accident had strongly influenced the above-mentioned radioactive waste’ management 
areas. It created contaminated soil and significant portion of alpha-emitters content in the operational 
wastes. 

But the biggest problems relate to the management of the fuel containing materials (Figure 1 and 
Figure 2), which are inside the destroyed Unit 4, which was transformed into the Shelter object. 

The strategy to improve the Shelter safety is based on Shelter Implementation Plan. 

It consists of long term and short-term measures. 

Long-term measures assume first Shelter isolation by New Safe Confinement and later safe extraction 
of high radioactive confined materials. 
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For this purpose the Licensee managed to get early involvement of the regulatory bodies, as described 
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expected to take part in the management of the wastes produced by the decommissioning of the 
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The design lifetime of the plant is 20 years. The LRTP has the following main functions: 

� Retrieval of the waste contained in the tanks of the Liquid Radwaste Store of ChNPP by means 
of retrieval systems; 

� Transfer of the retrieved waste to the LRTP, using the existing transport piping; 

� Waste pre-treatment to comply with the requirements of the subsequent process steps; 

� Volume reduction (concentration) of the pre-treated waste; 

� Solidification of pre-treated waste by cementation to obtain a solid final product meeting safety 
requirements; 

� Conditioning of the final product into drums and loading of drums into transportation 
overpacks; 

� Radiological monitoring of drums and overpacks; 

� Monitoring and return to ChNPP of secondary liquid effluent and clean process fluid complying 
with regulatory limits. 

The LRTP will retrieve the radwaste currently stored in five 5,000 m3 tanks and nine 1,000 m3 tanks. 
These tanks are located at two different places on the ChNPP site. The 5,000 m3 tanks are located near 
the area dedicated to the LRTP. The 1,000 m3 tanks are located in a Liquid and Solid Radwaste Store 
situated about 300 m away from the plant. 

LRTP was designed and is being constructed now by BELGATOM. According to the construction 
schedule developed by ChNPP and BELGATOM the first drum with the final product is expected on 
April 25, 2006 and full contract implementation on March 20, 2007.  

The Plant is expected to be commissioned in two stages: 

� Stage 1 – the commissioning of the plant on April 25,.2006 which includes connection of one 
retrieval system (for 1,000 �3 tank), and the continuation of the assembling works for two more 
retrieval systems; 

� Stage 2 – the connection of two more retrieval systems for 5,000 �3 tank (concentrate) and 
5,000 m3 (perlite and resins) ands complete commissioning of the plant on March 20, 2007.  

The status of the works as of July 1, 2005 is as follows: 

� The 1,000 m3 tanks retrieval system is to be completed by July 8, 2005. Then it will be 
dismantled and installed at one of the appropriate tanks; 

� The 5,000 m3 tanks retrieval system mock-up is being assembled in the turbine hall. 
Simultaneously preparatory works, are initiated for two 5,000 m3 retrieval systems tests; 

� One of the 5,000 m3 tanks is prepared for the retrieval system installation. 

5.4. Industrial complex on solid radwaste management 
The ICSRM will treat the solid radioactive waste currently stored on site at Chernobyl NPP. It is also 
expected to take part in the management of the waste produced by the decommissioning of the 
Chernobyl NPP Units 1, 2 and 3. This project includes the following facilities: 

� Lot 1 - solid radioactive waste retrieval facility; 

� Lot 2 – plant for the solid radioactive waste conditioning for interim and/or final storage; 

� Lot 3 – near-surface solid radioactive waste disposal under construction at “Vector” site. 

The project is realized by NUKEM. 

Three facilities are incorporated into Complex of Solid Radioactive Waste Management, grouped in an 
integrated technological cycle. 

ICSRWM is intended for acceptance, processing, and-or disposal of SWR, either accumulated during 
operation or generated during ChNPP decommissioning and, operational RAW of the Shelter object. 

Lot 1 - Retrieval Facility for all categories of Solid Radioactive Waste retrieval from existing Solid 
Wastes Storage. Productivity of RAW retrieval is 3 m³ per day, life time is 30 years. 

Lot 2 - Solid Waste Processing Facility for all categories of Solid Radioactive Wastes sorting and low - 
and medium active Solid Waste processing.  

Capacity is 20 m³ of non processed wastes per day, capacity of incineration is 50 kg per hour (LRW), 
capacity of cementation is 10 m³ per day, installation of «low- and medium active wastes – long-living 
wastes» and «high active wastes» (LMA –LLW and HAW) packing is 1.5 m³ per day, capacity of LMA 
–LLW and HAW interim storage is 3500 m³, storage life time is 30 years.  

Lot 3 - Specially equipped near surface disposal of low and medium active short lived Solid Wastes. 
Capacity is 55000 m³ Waste packages, equipment operation lifetime at the filling stage is 30 years, 
institutional control of the isolated storage - 300 years. 

First two lots are constructed at Chernobyl industrial site, Lot 3 is at the site of «Vector» complex in 
Exclusion Zone. 

«Turn-key» construction is carried out by the Contractor, RWE NUKEM GmbH (Germany). Designing 
and construction of Industrial Complex on Solid Radioactive Wastes Management is financed by the 
European Commission and Ukraine. 

5.5. Shelter solid and liquid radioactive wastes and fuel containing materials 
The Chernobyl accident had strongly influenced the above-mentioned radioactive waste’ management 
areas. It created contaminated soil and significant portion of alpha-emitters content in the operational 
wastes. 

But the biggest problems relate to the management of the fuel containing materials (Figure 1 and 
Figure 2), which are inside the destroyed Unit 4, which was transformed into the Shelter object. 

The strategy to improve the Shelter safety is based on Shelter Implementation Plan. 

It consists of long term and short-term measures. 

Long-term measures assume first Shelter isolation by New Safe Confinement and later safe extraction 
of high radioactive confined materials. 
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Short-term measures are to improve the safety of existing object by strengthening existing building, 
additional dust suppression, preventing the possibility of reactivity occurrences, and temporary water 
management. These measures are to be supported by integrated automatic monitoring system.  

Figure 1 

Figure 2 

The main task is to transform the object in absolutely safe system, which means to extract radioactive 
wastes and fuel containing masses, and safely dispose of them. 

During almost 20 years a lot of work was done including radiation and heat measurements, sampling 
destructive and non-destructive measurements, and calculations. Nevertheless there is no final 
decision on the extraction technology of these dangerous materials due to lack of information. 

Chernobyl NPP developed and SNRCU approved a stepwise strategy, which will result in final 
decision on the extraction technology.  

The idea is permanently ensure safety of the fuel containing materials (hereinafter refers to as FCM) 
before final disposal in the deep geological depository. 

Shelter integrated monitoring system and the result of multiple SIP tasks will permit to develop an 
analytical model for the FCM behavior. Existing and future emergency systems can effectively 
maintain the sub-critical state of these materials, and the future New Safe Confinement will allow to 
establish temperature and humidity for FCM during the construction period of NSC and Deep 
Geological Depository. 

All the waste streams on Chernobyl site will be managed in an integrated system, including all 
described facilities under construction and the prospective Deep Geological Depository, for which 
only a political decision has been made.  

6. Object shelter transformation into the ecologically safe system 

6.1. New safe confinement is a major sip projects 
Since 1992 intensive work under international support is conducted on object of the Shelter 
transformation into ecologically safe system. The basic conclusion of these long-term efforts is that 
significant hazard decrease can be achieved as a result of the construction of new protective 
encasement over the object New Safe Confinement (hereinafter refers to as NSC). 

The necessity of NSC creation is reflected in the following documents: 

� The law of Ukraine «On general principles of further Chernobyl operation and 
decommissioning and transformation of the damaged fourth Unit into ecologically safe 
system»; 

� Strategy of the Shelter Object transformation, approved by Decision ¹5 of the Governmental 
Commission on the complex solution of Chernobyl NPP problems, 2001; 

� Shelter Implementation Plan , accepted at G7 countries meeting in June, 1997. 

The Law of Ukraine «On general principles of the further Chernobyl operation and 
decommissioning and transformation of the damaged fourth Unit into ecologically safe system» 
reads as follows: 

“Confinement is a protective construction which includes technological equipment for removal from 
the destroyed fourth unit of Chernobyl NPP of materials containing nuclear fuel, Radioactive Waste 
management and other systems intended for transformation of this unit into ecologically safe system 
and maintaining safety of personnel, population and environment.” 

New Safe Confinement is a multifunctional complex for Shelter object transformation into 
ecologically safe system. 

According to the conceptual design, NSC involves: 

� The main construction, including an arch structure, foundations, the western and eastern front 
walls, support and auxiliary systems; 

� The technological building, including decontamination, fragmentation and packing areas, 
sanitary lockers, shops and other technological premises; 

� Auxiliary facilities. 

It is stipulated to create NSC Integrated Monitoring System for NSC Nuclear, Radiation and 
Industrial Safety assurance and its effective work with a minimum of operation personnel 
involvement. The following systems will be included: 

� Radiation Safety Monitoring System; 

� Seismic Monitoring system; 

� Monitoring System of the Building Construction; 

� Operation support systems: ventilation system; water supply system; sewer system (including 
liquid radioactive waste management); power supply system; 

� Technological systems for radioactive waste and Fuel Containing Materials Management. 
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Also Fire Safety and Physical Protection Systems will be created, communication and TV networks 
will be mounted. A crane will be mounted for dismantling of unstable constructions. 

The Conceptual Design (hereinafter refers to as CD) of NSC was developed by the International 
Consortium comprising Bechtel (USA), EDF (France) and Battelle (USA) with the involvement of 
«Kyiv Research Institute «Energoproject», State Research Institute for Civil Structures and 
Interdepartmental Scientific and Technical Center «Ukrytie» under the National Academy of Science 
of Ukraine. As a result of the comprehensive state review completed in March 2004, the CD of NSC 
was recommended for approval. 

The conclusion of the state nuclear and radiation safety body states that CD of NSC complies, in 
general, with the Strategy for OS Transformation, principles of RAW management and other 
principles of nuclear and radiation safety. The CD of NSC demonstrated the feasibility of safe 
implementation. The results of the assessment by technical experts of nuclear and radiation safety 
showed that design criteria and requirements of NSC in terms of structural and technical decisions met 
norms and rules of nuclear and radiation safety.

On July 5, 2004 the Cabinet of Ministers of Ukraine issued the Resolution titled «On Approval of the 
Feasibility Study (Conceptual Design) for New Safe Confinement over ChNPP Object Shelter»; it 
contains major NSC functions and relevant characteristics.  

As soon as ChNPP accomplishes tender procedures for an organization or a consortium, which will 
design and construct the New Safe Confinement over Object Shelter, a contract will be awarded for 
the implementation of the abovementioned activities.  

6.2. Goals of new safe confinement construction 
The New Safe Confinement intends to protect personnel, the public and the environment for 100 years 
from radiation sources associated with OS and create conditions for OS transformation into the 
ecologically safe system including the removal of fuel containing material (FCM) and nuclear fuel 
fragments, management of RAW and dismantling of unstable OS structures. 

Also by NSC construction the following goals are achieved: 

� The reduction of collapse probability following dismantling of unstable constructions under 
NSC;

� Mitigation of collapse consequences due to fencing and supporting constructions and 
monitoring systems inside NSC; 

� OS Nuclear Safety increase due to exclusion of atmospheric moisture penetration on FCM, 
which considerably reduces risk of self- sustaining chain reactions. 

The CD includes the arch, its approximate dimensions are the following: length – 257 m, width –    
150 m, height – 108 m (Figures 3, 4, 5). 

Figure 3 

Figure 4 
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Figure 5 

7. Implementation of other SIP projects 
As part of OS stabilization measures ChNPP develops relevant design and implements the projects on 
site. As of today, the measures for reinforcement of western and eastern supports for Mamoth Beam 
and erection of supports for cover panels have been accomplished. 

Infrastructure facilities such as the Technical Training Center, sanitary lockers and Rehabilitation 
Center, construction site for stabilization, off-site utilities and change facility for 1430 places were 
commissioned. 

The modernized Dust Suppression System is at the test stage and the specialized area for temporary 
storage of soil and other technological materials resulting from NSC foundation construction is at final 
stage; the Integrated Automated Monitoring System for OS is under installation. 

8. Conclusions 
Considering the specifics of ChNPP decommissioning and the experience gained in early termination 
of power units as well as simultaneous implementation of many projects on site, namely spent nuclear 
fuel management, establishment of RAW management infrastructure, stabilization projects and other 
undergoing measures one has to believe in the successful and timely implementation of projects. This 
is confirmed by the following factors: 

1. Availability of basic programmatic documents; 

2. Establishment of efficient organizational management; 

3. Adequate coordination of projects, which form a single interated complex; 

4. Adequate oversight over activities of contractors, involved in ChNPP activities. 

5. Integrated scheme of RAW management at ChNPP site, which covers accumulated RAW, 
waste generated from decommissioning of ChNPP power units and OS RAW management; 

6. Resolution of issues on the adequate financial support for activities conducted at ChNPP site. 

The ruined unit 4 of Chernobyl NPP at the beginning of May 1986 (photo 1, 2) and   

the object shelter now (photo 3, 4, 5, 6, 7) 

Photo 1  
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Figure 5 
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storage of soil and other technological materials resulting from NSC foundation construction is at final 
stage; the Integrated Automated Monitoring System for OS is under installation. 

8. Conclusions 
Considering the specifics of ChNPP decommissioning and the experience gained in early termination 
of power units as well as simultaneous implementation of many projects on site, namely spent nuclear 
fuel management, establishment of RAW management infrastructure, stabilization projects and other 
undergoing measures one has to believe in the successful and timely implementation of projects. This 
is confirmed by the following factors: 

1. Availability of basic programmatic documents; 

2. Establishment of efficient organizational management; 

3. Adequate coordination of projects, which form a single interated complex; 

4. Adequate oversight over activities of contractors, involved in ChNPP activities. 

5. Integrated scheme of RAW management at ChNPP site, which covers accumulated RAW, 
waste generated from decommissioning of ChNPP power units and OS RAW management; 

6. Resolution of issues on the adequate financial support for activities conducted at ChNPP site. 

The ruined unit 4 of Chernobyl NPP at the beginning of May 1986 (photo 1, 2) and   

the object shelter now (photo 3, 4, 5, 6, 7) 

Photo 1  
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Photo 2 

Photo 3 

Photo 4 
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Photo 5 

Photo 6 

Photo 7 

Be careful! 

Object Shelter is still dangerous despite flowers, birds and trees around. 
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Dengkil, Selangor Darul Ehsan, 
Malaysia 

Abstract. A monazite processing plant was shutdown after 12 years of operation. In order to decommission 
and decontaminate the plant facilities, the plant operator is required to apply for suitable classes of licence from 
Atomic Energy Licensing Board (AELB). This paper focuses mainly on the licensing requirements imposed on the 
licensee to decommission a monazite processing plant in Malaysia.  

1. Introduction 
In 1982, a monazite processing plant began its operation in Perak, Malaysia. The plant was established 
under the joint venture of Japanese investors and local companies. The main objective of the plant was to 
process monazite in order to extract rare earth elements for export. The plant was shutdown after 12 years 
of operation. 

The plant operator sent an official letter stating its intention to cease operation and applied for a Class G 
licence from AELB. The Class G licence was issued to the plant operator for a period of 3 years starting 
from 1994 and subject to renewal.  

The objectives of the decommissioning and decontamination are to manage radioactive contaminated 
materials and to remediate and recover the plant site.  

2. Licensing requirements 
A Class G licence is a licence [1]: 

(a) To dispose of radioactive materials, nuclear materials, prescribed substances or their wastes; 

(b) To store radioactive materials, nuclear materials, prescribed substances or their waste prior to their 
disposal; or

(c) To decommission a milling installation, nuclear installation, waste treatment facility, irradiating 
apparatus or sealed source apparatus. 

The licence requirements stated in the Class G Licence issued to the plant operator are summarised below: 

(a) Part I: Responsibilities 

� The licensee shall ensure that all relevant information required by AELB can be obtained at the 
plant site; 

� The licensee shall explain clearly the roles and responsibilities of the radiation protection 
officer or radiation protection supervisor; 

� Radiation protection programme accepted by AELB shall be adhered to and implemented by 
the licensee. 

(b) Part II: Operational Control 

� Transportation of radioactive wastes and contaminated equipments is strictly prohibited during 
rain;
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� The licensee must obtain a written approval from AELB at least 14 days prior to any 
decommissioning works; 

� The licensee shall not dispose, sell, transfer or trade in any radioactive wastes or contaminated 
equipments without the written approval from AELB; 

� The licensee shall implement environmental and radiological monitoring programmes approved 
by AELB; 

� The licensee shall report any radiological accidents or incidents to AELB within 24 hours after 
the accident or incident has occurred; 

� All documents or records related to the decommissioning works shall be kept in a manner 
approved by AELB. 

(c) Part III: Control of Radiation Protection Safety Devices  

� The licensee shall ensure that all radiation protection safety devices including the survey meter 
Part IV: General; 

� Application to renew the licence must be submitted 2 months before the licence expires; 

� The licence issued by AELB is not transferable; 

� The licensee shall comply to any directives issued by AELB from time to time. 

3. Documents submitted and approved by AELB
Below is a list of documents submitted by the licensee as required by AELB. These documents were 
reviewed and approved by AELB. 

No. Title Date of Approval 

1 Radiological Impact Assessment 23 March 1995 

2 Performance Assessment of the Proposed 
Engineered Cell 

1 October 1996 

3 Conceptual Design Disposal Facility for 
Decommissioning Waste 

28 June 1996 

4 Engineered Cell Slope Stability Study 1 October 1996 

5 Engineered Cell Erosion Protection Plan 1 October 1996 

6 Radiological Assessment on Decommissioning of 
Plant and Construction of Engineered Cell 

1 October 1996 

7 Final Report on Residual Radioactive Material 
Guidelines for Plant Site - Derivation of 
Recommendation Cleanup Criteria  

16 June 1997 

8 Decommissioning Validation Sampling Plan for Soil 
and Paving Materials 

16 June 1996 

9 Plant Facilities Decommissioning and 
Decontamination Technical Specifications 

24 April 1999 

10 Engineered Cell Technical Specifications 23 April 1999 

11 Emergency Response Plan 13 October 1999 

12 Pre-decontamination Survey 5 January 2000 

13 Preliminary Survey Report on Soil and Groundwater 
(Validation Sampling) 

5 January 2000 

14 Performance Safety Assessment of Proposed 2nd

Engineered Cell 
28 October 2002 

15 Environmental Monitoring Programme  24 February 2003 

16 Emergency Response Plan  24 February 2003 

17 Radiation Control and Safety Plan for the Plant 
Decommissioning and Decontamination 

24 February 2003 

18 Intrusive Investigation and Treatability Study Plan 17 March 2003 

4. Conclusion
AELB has approved the application for renewal of Class G licence from the plant operator. The licence is 
valid for 3 years from 1 May 2005 until 30 April 2007. AELB is currently reviewing the following 
documents: 

(a) Application of the counting laboratory by the consultant of the plant operator  

(b) Radiation Inventory Plan for Decommissioning and Decontamination Project 

REFERENCES 

[1] Atomic Energy Licensing Act 1984 (Act 304). 

[2] Radiation Protection (Licensing) Regulations (1986). 

[3] Radiation Protection Programme for NORM activities (1998). 
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Abstract. The paper aims at presenting the experiences made by the Swedish Radiation Protection 
Authority (SSI) during the decommissioning of the Active Central Laboratory (ACL) in Studsvik, Sweden. As a 
background, the facility and the decommissioning activities that have been performed are described. This is 
followed by a description of the regulation and supervision by the SSI. Finally, the main experiences are listed 
and conclusions are drawn. 

1. The facility 
The Active Central Laboratory (ACL) is situated in Studsvik, at an industrial site which holds material 
test reactors, hot-cells, waste treatment facilities and other facilities related to energy research and 
handling of radioactive materials. The site is situated in a remote area on the east coast of Sweden, 
about 100 km south of Stockholm. 

ACL is a three-storey building with a large number of rooms. By underground culverts, the building is 
connected to a ventilation and filter building (the Active Central Filter building, ACF) and to a local 
system for collection of liquid radioactive waste within the Studsvik site. The floor surface in the 
buildings is approximately 14,000 m2 (ACL and ACF).  

ACL was built around 1960 for research and development of reprocessing and MOX fuel production. 
During the years, the installations in ACL have been used for a variety of other activities, such as 
research on plutonium and enriched fuels, testing of materials, production of radiation sources, 
decontamination of equipment and different kinds of waste treatment. 

During operation, the facility contained several service systems, such as high power electrical systems, 
three separate ventilation systems (for glove boxes, cells and general ventilation, respectively) and 
three different canalizations for liquid waste (treated in another facility in Studsvik).  

2. The decommissioning project 
In the late 1980s some of the laboratories were vacated, decontaminated and measured for free release. 
In 1998, the owner AB SVAFO decided to go for complete decommissioning with the ultimate goal to 
demolish the buildings. The main reason for the decision was the low useage of the facility combined 
with high costs for heating and ventilation.  

First, a pre-project was carried out with initial radiological characterization of the buildings and 
removal of about 13 tonnes of insulating asbestos, which was subject to clearance after representative 
sampling and measurements. The initial characterization was based on contamination control of 
surfaces and interviews with former personnel to gather information about potential contamination. 
Based on the initial characterization, the main project was planned. 

The main project started in February 1999. The major activities were decontamination of the rooms, 
removal of ventilation drums for cell ventilation and performance of radiological surveys. The project 
was divided into four sub-projects corresponding to different parts of the facility. After some time, it 
was realized that the amount of work had been underestimated; contamination was found more often 
than expected, and both removal of surface materials and radiological measurements often had to be 
iterated several times. 
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Therefore, after the first sub-project was finished, the project was interrupted for a while, to allow for 
renewed planning and cost estimation. In order to speed up the work, two shifts of labour were 
engaged for decontamination and manual scanning. From the beginning of 2001 until the middle of 
2003, about 20 people were involved in the project (except during summers).  

The general procedure for decommissioning has been as follows: 

� Probing the contamination level by taking smear samples and making direct measurements with 
hand-held scintillation counters; 

� Decontaminating the room to levels that permit dismantling of equipment without radiological 
protection measures; 

� Dismantling of installed equipment; 

� Vacuum cleaning and washing with water and detergents or methylated liquids; 

� Radiological survey (scanning with hand-held scintillation counters, smear samples and in-situ 
gamma spectroscopic, ISOCS, measurement, more details are given in Ref. 1); 

� Sealing of the room (restricted access). 

Generally, the same methods were used throughout the whole project. However, a change in the 
measurement procedures was made in 2001, when the probes for scanning of surfaces were changed 
from a detector area of 49 cm2 to a detector area of 100 cm2 in order to increase the sensitivity. The 
change of detector area was motivated by the criteria for the residual activity that were issued by the 
SSI in that year (see below).  

Besides the large amounts of measurements, some of the main accomplishments have been the 
decontamination of the former decontamination hall (requiring extensive removal of surface 
materials), decontamination and survey of the large experimental hall (requiring a large amount of 
scaffolding and removal of floor surface) and the removal of storage tanks for liquid waste.  

Based on the design of the facility and the known operational history it was assumed before the start of 
the project that there would be no contamination of the general ventilation system or the parts of the 
fan and filter facility situated after the main filters. However, when the detailed survey of the 
ventilation system was initiated, contamination was discovered in the general ventilation system after 
the filters. Therefore, all ventilation ducts were removed and the filter facility was surveyed for 
residual activity. As a consequence of the removal of ventilation ducts, several rooms had to be 
surveyed once again (scanning of floors). Since instruments with higher sensitivity were used, spots 
with contamination were detected that had not been registered earlier.  

The results of the survey measurements were reported to the SSI after the finishing of each sub-
project. The final measurements were reported in September 2005 and in October 2005 the licensee 
applied for clearance of the buildings with the purpose of demolition.  

In January 2006, the SSI decided that the demolition may be undertaken without restrictions from a 
radiation protection point of view and that the remaining materials may be exempted from the Swedish 
Radiation Protection Act (decision on clearance). A similar decision was taken by the Swedish 
Nuclear Power Inspectorate (SKI) concerning exemption from specific requirements for nuclear 
facilities and exemption of nuclear waste from the Swedish Act on Nuclear Activities. 

Demolition of the buildings started in spring 2006 and is expected to be finished during the autumn of 
2006. 

3. Regulation of decommissioning 
Nuclear facilities require a license both according to the Swedish Act on Nuclear Activities and 
according to the Swedish Environmental Code. For decommissioning of nuclear reactors a new license 
is required according to the Environmental Code. For other facilities, such as ACL, no additional 
license is required (except for a conventional reconstruction license that is required for all buildings).  

Radiation protection issues are regulated by the Radiation Protection Act, the Radiation Protection 
Ordinance and regulations or license specific conditions issued by the SSI. Nuclear safety issues are 
regulated by the Act on Nuclear Activities, the Ordinance on Nuclear Activities and regulations or 
license specific conditions issued by the Swedish Nuclear Power Inspectorate (SKI). There are other 
regulatory documents for occupational risks, conventional waste management, etc.  

The radiation protection aspects of the decommissioning of ACL have been regulated mainly by 
general regulations issued by the SSI. However, for the planning of waste management and for the 
clean-up activities, some project specific conditions have been issued (see below).  

At the time of the start of the project, there were very few regulatory requirements established 
specifically for decommissioning. Since then, the SSI has developed regulations for management of 
radioactive waste, which put detailed requirements on planning of waste management (Ref. 2). The 
SSI has also developed regulations for the planning of decommissioning of nuclear facilities (Refs. 3 
and 4). Among other things, the regulations put requirements on information to be provided to the SSI 
before decommissioning activities are initiated. No formal approval is needed from the SSI, but 
project specific license conditions may be issued.  

Since the start of the project, regulations on decommissioning of nuclear facilities have also been 
issued by the SKI. According to the regulations, the decommissioning plan shall be incorporated in the 
safety report of the facility. The safety report shall be approved by the SKI before dismantling 
activities start.  

One major problem at the beginning of the decommissioning project for ACL was the lack of 
regulations or recommendations on clearance of buildings. However, in year 2000 the European 
Commission issued recommendations on clearance levels for buildings and building rubble (RP 113, 
Ref. 5). In May 2001, the SSI issued radiation protection conditions for clean-up activities in ACL and 
ACF (Ref. 6), which established criteria for the residual activity after decontamination (application of 
Table 2 of RP 113). The conditions also contained a requirement to perform reasonable clean-up 
activities (remove all contamination if it could be easily done) and to search for spot activity in places 
where spots exceeding 150 Bq of alpha-emitting nuclides or 1500 Bq of beta- or gamma-emitting 
nuclides could be suspected. 

The current regulations for clearance of loose materials (Ref. 7) were originally not intended for large 
volumes of decommissioning waste. However, since only minor amounts of waste were expected from 
the decommissioning of ACL, the regulations could be applied.  

The SSI has recently developed new regulations for clearance of materials and buildings, which are 
expected to enter into force in 2007 (Ref. 8). Among other things, the proposal contains clearance 
levels for rooms for unrestricted use and for buildings for demolition (application of Tables 1 and 2 of 
RP 113).  

4. Supervision by the SSI 
The SSI has continually followed the decommissioning project for ACL, reviewed documentation and 
made inspections and control measurements.  

!n 1998 the licensee presented its plans for radiological survey of the buildings. The plan was based on 
a course radiological characterization. The plan and possible clearance levels were discussed on 
several meetings between SSI and the licensee.  

In 1999, the SSI performed an inspection of the project. The inspection resulted in a clarification of 
the waste management plans and the criteria for sorting of waste. Also, a specification was given on 
the documentation that SSI would require as a basis for a clearance decision.  

The specification contained the following items: 

� A description of activities during operation of the facility and in what rooms they took place; 

� A description of clean-up activities during decommissioning; 

� A description of methods used for measurement of residual activity and a rationale for the 
selection of methods; 
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Ref. 5). In May 2001, the SSI issued radiation protection conditions for clean-up activities in ACL and 
ACF (Ref. 6), which established criteria for the residual activity after decontamination (application of 
Table 2 of RP 113). The conditions also contained a requirement to perform reasonable clean-up 
activities (remove all contamination if it could be easily done) and to search for spot activity in places 
where spots exceeding 150 Bq of alpha-emitting nuclides or 1500 Bq of beta- or gamma-emitting 
nuclides could be suspected. 

The current regulations for clearance of loose materials (Ref. 7) were originally not intended for large 
volumes of decommissioning waste. However, since only minor amounts of waste were expected from 
the decommissioning of ACL, the regulations could be applied.  

The SSI has recently developed new regulations for clearance of materials and buildings, which are 
expected to enter into force in 2007 (Ref. 8). Among other things, the proposal contains clearance 
levels for rooms for unrestricted use and for buildings for demolition (application of Tables 1 and 2 of 
RP 113).  

4. Supervision by the SSI 
The SSI has continually followed the decommissioning project for ACL, reviewed documentation and 
made inspections and control measurements.  

!n 1998 the licensee presented its plans for radiological survey of the buildings. The plan was based on 
a course radiological characterization. The plan and possible clearance levels were discussed on 
several meetings between SSI and the licensee.  

In 1999, the SSI performed an inspection of the project. The inspection resulted in a clarification of 
the waste management plans and the criteria for sorting of waste. Also, a specification was given on 
the documentation that SSI would require as a basis for a clearance decision.  

The specification contained the following items: 

� A description of activities during operation of the facility and in what rooms they took place; 

� A description of clean-up activities during decommissioning; 

� A description of methods used for measurement of residual activity and a rationale for the 
selection of methods; 
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� Transparent measurement results, e.g. it must be possible to study the underlying documentation 
of the measurement results; 

� An estimation of the residual activity in each room; and 

� A description of measures to prevent re-contamination. 

Meetings have continuously been held with the project throughout the years with the purpose of 
keeping the SSI informed and clarifying actual issues. Totally about 20 meetings have been held, 
mostly in connection with visits to the facility. Some of the main issues discussed during the meetings 
were the treatment of radioactive wastes, the clearance procedures of wastes and the correlation 
between Am-241 and plutonium isotopes.  

The SSI has also taken samples for analysis and made its own measurements in the buildings. About 
70 samples in total were taken on five different occasions. All samples were analyzed for gamma-
emitting nuclides and in some cases also for 90Sr. Only small amounts of 60Co, 137Cs and 241Am were 
detected (below the levels of the established criteria for residual activity).  

In 2004, the SSI performed an inspection of the routines for in-situ gamma-spectroscopic 
measurements (ISOCS). The routines were regarded as satisfactory, but on request of the SSI a more 
thorough investigation of the uncertainties of the method was made.  

5. Experiences 
The experiences made by the SSI have been of great value for the development of new regulations in 
the field of decommissioning and for the development of methods for supervision of decommissioning 
projects. The main experiences are listed below. 

5.1. Before decommissioning activities start 
The clearance levels and the methodology for showing compliance with them should be established 
before the start of a decommissioning project, since they constitute an important part of the ultimate 
goal of the project. 

An initial characterization should be carried out with enough detail to establish methodologies for 
clean-up and final survey. The methods for final survey should be evaluated against the clearance 
levels. Detection levels and uncertainties should be well known for all relevant nuclides.  

Routine descriptions for all major procedures should be established before the actual work starts. Clear 
routine descriptions for calibration and function control of instrumentation and final survey are 
essential not only for keeping a high level of quality and reproducibility, but are also important as 
documents of procedures which are valuable in the review of a clearance application.  

5.2. During decommissioning 
Frequent meetings are essential for efficient supervision and a common understanding of the 
regulatory requirements. For the regulator, it is valuable to get information from different parts of the 
project organization.  

As many items as possible should be removed before clean-up and final survey of a room. Thereby the 
risk is reduced that the project will have to go back into already finished areas and the problem of 
clearing objects in situ (with reduced possibilities for activity determination) is avoided. 

Sequential reporting is a valuable tool not only for supervision of the activities and for planning of 
regulatory activities, but also for transparency towards the public. The review and discussions of the 
reports should provide confidence that the project advances are as envisaged at the start.  

In the case of sequential reporting it is valuable to have a final documentation that clearly specifies in 
what way the methods have evolved during the project. Inevitably, for a project that goes on for 
several years, there will be changes in the procedures. It should be possible to identify such changes 
afterwards and to evaluate their importance for the clearance decision.  

In the case of clearance of buildings, it is valuable to perform control measurements during the project, 
for example after the completion of sub-sections of the building. Thereby additional confidence in the 

applied methods may be gained, and necessary corrections can be made at an early stage. Also, the 
methods for control measurements can be evaluated and improved in a timely manner. Moreover, by 
performing control measurements during the project and not waiting until it has been finished, the risk 
of having to restart an already finished project is reduced.  

6. Conclusions 
The decommissioning of the Active Central Laboratory in Studsvik is near completion. Demolition of 
the facility has started and is expected to be finished during the autumn of 2006.  

The Swedish Radiation Protection regulations on decommissioning have evolved during the project, 
both concerning planning of decommissioning and clearance of buildings.  

The SSI has supervised the project from a radiation protection point of view and made a number of 
experiences that will be valuable for the further development of regulations and methods for 
supervision. 
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� A description of measures to prevent re-contamination. 

Meetings have continuously been held with the project throughout the years with the purpose of 
keeping the SSI informed and clarifying actual issues. Totally about 20 meetings have been held, 
mostly in connection with visits to the facility. Some of the main issues discussed during the meetings 
were the treatment of radioactive wastes, the clearance procedures of wastes and the correlation 
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the field of decommissioning and for the development of methods for supervision of decommissioning 
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5.1. Before decommissioning activities start 
The clearance levels and the methodology for showing compliance with them should be established 
before the start of a decommissioning project, since they constitute an important part of the ultimate 
goal of the project. 

An initial characterization should be carried out with enough detail to establish methodologies for 
clean-up and final survey. The methods for final survey should be evaluated against the clearance 
levels. Detection levels and uncertainties should be well known for all relevant nuclides.  

Routine descriptions for all major procedures should be established before the actual work starts. Clear 
routine descriptions for calibration and function control of instrumentation and final survey are 
essential not only for keeping a high level of quality and reproducibility, but are also important as 
documents of procedures which are valuable in the review of a clearance application.  

5.2. During decommissioning 
Frequent meetings are essential for efficient supervision and a common understanding of the 
regulatory requirements. For the regulator, it is valuable to get information from different parts of the 
project organization.  

As many items as possible should be removed before clean-up and final survey of a room. Thereby the 
risk is reduced that the project will have to go back into already finished areas and the problem of 
clearing objects in situ (with reduced possibilities for activity determination) is avoided. 

Sequential reporting is a valuable tool not only for supervision of the activities and for planning of 
regulatory activities, but also for transparency towards the public. The review and discussions of the 
reports should provide confidence that the project advances are as envisaged at the start.  

In the case of sequential reporting it is valuable to have a final documentation that clearly specifies in 
what way the methods have evolved during the project. Inevitably, for a project that goes on for 
several years, there will be changes in the procedures. It should be possible to identify such changes 
afterwards and to evaluate their importance for the clearance decision.  

In the case of clearance of buildings, it is valuable to perform control measurements during the project, 
for example after the completion of sub-sections of the building. Thereby additional confidence in the 

applied methods may be gained, and necessary corrections can be made at an early stage. Also, the 
methods for control measurements can be evaluated and improved in a timely manner. Moreover, by 
performing control measurements during the project and not waiting until it has been finished, the risk 
of having to restart an already finished project is reduced.  

6. Conclusions 
The decommissioning of the Active Central Laboratory in Studsvik is near completion. Demolition of 
the facility has started and is expected to be finished during the autumn of 2006.  

The Swedish Radiation Protection regulations on decommissioning have evolved during the project, 
both concerning planning of decommissioning and clearance of buildings.  

The SSI has supervised the project from a radiation protection point of view and made a number of 
experiences that will be valuable for the further development of regulations and methods for 
supervision. 
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Abstract: There are different types of nuclear installations in the Russian Federation. Among them 
there are: nuclear power plants (NPPs), recearch reactors and critical facilities, fuel cycle facilities including 
uranium mining, conversion, enrichment, nuclear fuel fabrication, spent nuclear fuel (SNF) reprocessing, SNF 
and radioactive waste (RAW) storage facilities, radiochemistry, production reactors, etc. 

The first experience in the nuclear fuel cycle facilities decommissioning in Russia was gained from the uranium-
graphite prodiction reactors shutdown at “Mayak” site (Ozersk, Chelyabinsk region). 

The first uranium-graphite reactor was shutdown in 1987 at “Mayak” site (it was the research uranium-graphite 
reactor AI). Sometime later in that year the next production reactor (A) was shutdown at the same site. This 
decommissioning project was used as the prototype for the decommissioning projects of the next two production 
reactors (AV-2 and AV-3) at the “Mayak” site (both were shutdown in 1990). 

In the same year  two uranium-graphite production reactors (I1 and EI-2) were stutdown at  the “SChC” site 
(Seversk, Tomsk region). In 1992 three uranium-graphite production reactors were shutdown - one (ADE-3) at 
the “SChC” site and two (AD and ADE-1) at “MChC” site (Zeleznogorsk, Krasnoyarsk region).   

1. Background 
There are a lot of different kinds of nuclear installations in Russian Federation. Among them there are: 
NPPs (31 units, 4 units are under decommissioning), recearch reactors and critical facilities (118 units, 
a lot of them are under decommissioning), fuel cycle facilities including uranium mining, conversion, 
enrichment, nuclear fuel fabrication, spent nuclear fuel (SNF) reprocessing, SNF and RAW storage 
facilities,  radiochemistry, production reactors (13 nuclear uranium-graphite production reactors, 10 of 
which are under different stages of decommissioning now), etc. 

The first experience in the nuclear fuel cycle facilities decommissioning in Russia was gained from the 
uranium-graphite prodiction reactors shutdown at “Mayak” site (Ozersk, Chelyabinsk region) and 
further decommissioning of them. 

In the past, there were 13 nuclear uranium-graphite production reactors in operation in the Russian 
Federation. Some of them were flow-through type, the other were dual-purpose type. As of today, 3 
dual-purpose uranium-graphite production reactors are still in operation, 10  reactors (flow-through 
and dual-purpose type) are under different stages of decommissioning. 

The first uranium-graphite reactor was shutdown in 1987 at “Mayak” site (it was the research 
uranium-graphite reactor AI). Sometime later in that year the next production reactor (A) was 
shutdown at the same site. The decommissioning of these two reactors was started without any 
decommissioning plan, and during the first two years decommissioning activities (nuclear fuel 
unloading, its storage, and so on) were conducted according to the existing operational regulations 
regulations. Two years later the next production reactor (AV-1) at the “Mayak” site was shutdown. At 
that time there was  already a decommissioning. This decommissioning project was used as the 
prototype for the decommissioning projects of the next two production reactors (AV-2 and AV-3) at 
the “Mayak” site (both were shutdown in 1990). 

In the same year  two uranium-graphite production reactors (I1 and EI-2) were stutdown at  the 
“SChC” site (Seversk, Tomsk region). In 1992 three uranium-graphite production reactors were 
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Abstract: There are different types of nuclear installations in the Russian Federation. Among them 
there are: nuclear power plants (NPPs), recearch reactors and critical facilities, fuel cycle facilities including 
uranium mining, conversion, enrichment, nuclear fuel fabrication, spent nuclear fuel (SNF) reprocessing, SNF 
and radioactive waste (RAW) storage facilities, radiochemistry, production reactors, etc. 

The first experience in the nuclear fuel cycle facilities decommissioning in Russia was gained from the uranium-
graphite prodiction reactors shutdown at “Mayak” site (Ozersk, Chelyabinsk region). 

The first uranium-graphite reactor was shutdown in 1987 at “Mayak” site (it was the research uranium-graphite 
reactor AI). Sometime later in that year the next production reactor (A) was shutdown at the same site. This 
decommissioning project was used as the prototype for the decommissioning projects of the next two production 
reactors (AV-2 and AV-3) at the “Mayak” site (both were shutdown in 1990). 

In the same year  two uranium-graphite production reactors (I1 and EI-2) were stutdown at  the “SChC” site 
(Seversk, Tomsk region). In 1992 three uranium-graphite production reactors were shutdown - one (ADE-3) at 
the “SChC” site and two (AD and ADE-1) at “MChC” site (Zeleznogorsk, Krasnoyarsk region).   

1. Background 
There are a lot of different kinds of nuclear installations in Russian Federation. Among them there are: 
NPPs (31 units, 4 units are under decommissioning), recearch reactors and critical facilities (118 units, 
a lot of them are under decommissioning), fuel cycle facilities including uranium mining, conversion, 
enrichment, nuclear fuel fabrication, spent nuclear fuel (SNF) reprocessing, SNF and RAW storage 
facilities,  radiochemistry, production reactors (13 nuclear uranium-graphite production reactors, 10 of 
which are under different stages of decommissioning now), etc. 

The first experience in the nuclear fuel cycle facilities decommissioning in Russia was gained from the 
uranium-graphite prodiction reactors shutdown at “Mayak” site (Ozersk, Chelyabinsk region) and 
further decommissioning of them. 

In the past, there were 13 nuclear uranium-graphite production reactors in operation in the Russian 
Federation. Some of them were flow-through type, the other were dual-purpose type. As of today, 3 
dual-purpose uranium-graphite production reactors are still in operation, 10  reactors (flow-through 
and dual-purpose type) are under different stages of decommissioning. 

The first uranium-graphite reactor was shutdown in 1987 at “Mayak” site (it was the research 
uranium-graphite reactor AI). Sometime later in that year the next production reactor (A) was 
shutdown at the same site. The decommissioning of these two reactors was started without any 
decommissioning plan, and during the first two years decommissioning activities (nuclear fuel 
unloading, its storage, and so on) were conducted according to the existing operational regulations 
regulations. Two years later the next production reactor (AV-1) at the “Mayak” site was shutdown. At 
that time there was  already a decommissioning. This decommissioning project was used as the 
prototype for the decommissioning projects of the next two production reactors (AV-2 and AV-3) at 
the “Mayak” site (both were shutdown in 1990). 

In the same year  two uranium-graphite production reactors (I1 and EI-2) were stutdown at  the 
“SChC” site (Seversk, Tomsk region). In 1992 three uranium-graphite production reactors were 

Athens - Book of Contributed Papers A4.indd   91 2006-11-06   13:17:53



92

shutdown - one (ADE-3) at the “SChC” site and two (AD and ADE-1) at “MChC” site (Zeleznogorsk, 
Krasnoyarsk region).   

2. Basic legislation and regulations 
The safety regulations for production reactors decommissioning were developed only 10 years later 
after the first two production uranium-graphite reactor (AI and A) were shutdown at the “Mayak” site. 
The safety for regulations for nuclear fuel cycle facilities decommissioning were developed 16 years 
later. As the first step the requirements on radioactive waste management were incorporated into 
decommissioning regulations on the basis of the experience already gained from the production 
uranium-graphite reactors decommissioning. More adequate regulations for the radioactive waste 
management were developed later. 

At present time there are the following main legislative acts relating to the decommissioning of 
nuclear facilities and the safe termination of nuclear activities in the Russian Federation: 

� Federal law “On the Atomic Energy Use”; 

� Federal law “On the Environment Protection”; 

� Federal law “On the Radiation Protection of the Population”. 

The main Federal Norms and Rules related to the decommissioning of nuclear facilities and the safe 
termination of nuclear activities in the Russian Federation are the following: 

� “Nuclear Research Installations Decommissioning. Safety Rules ” (NR-028-01); 

� “Ships Nuclear Installations Decommissioning. Safety Rules ” (NR-037-02); 

� “NPP’s Unit Decommissioning. Safety Rules ” (NR-012-99); 

� “Nuclear Fuel Cycle Facilities Safety. General Provisions” (NR-016-2000); 

� “Nuclear Fuel Cycle Facilities Decommissioning. Safety Rules ” (NR-057-04); 

� “Nuclear Production Reactors Decommissioning. Safety Rules ” (NR-007-98). 

Regulations on waste management which should be used during the decommissioning activities 
include: 

� “Safety of radioactive waste management. General provisions” (NP-058-04); 

� “Collection, processing, storage and conditioning of liquid radioactive waste. Safety 
requirements” (NP-019-2000);

� “Collection, processing, storage and conditioning of solid radioactive waste. Safety 
requirements” (NP-020-2000);

� “Management of gaseous radioactive waste. Safety requirements” (NP-021-2000); 

� “Radioactive waste disposal. Principles, criteria and general safety  requirements” (NP-055-04); 

Related health regulations and appropriate norms on nuclear and radiation safety which should be 
implemented during the decommissioning of nuclear installations are also available in the Russian 
Federation.

3. Regulatory requirements for decommissioning of production reactors 
For the decommissioning of nuclear uranium-graphite production reactors in Russia there are three 
options under consideration today: 

� Deferred dismantling with the storage period no longer than 100 years; 

� Long term storage in the reactor shaft during the period longer than 100 years; 

� Onsite disposal in the reactor shaft with no future dismantling. 

In compliance with current regulations it is required that the decommissioning plan be prepared no 
less then 5 years before active decommissioning starts. 

The decommissioning stage shall be taken into account during the design, construction and  operation 
as well as during refurbishment of the nuclear installation. 

During the operational period the operator should collect and store information important for the 
further reactor decommissioning. 

Prior to the termination of operation the operating organization shall develop a decommissioning plan. 
This plan shall contain the activities to be undertaken during decommissioning and the schedule of 
activities both in planning for  and in implementing decommissioning. 

Prior to decommissioning, a comprehensive (investigation) of the nuclear installation and the site 
(including engineering and radiological surveys) shall be conducted by a commission appointed by the 
operator. The results of this comprehensive study shall serve as the basis for the operator to develop a 
decommissioning plan and to prepare a safety analysis report for decommissioning. 

A production reactor that has been shutdown permanently is deemed to be in operation until the 
nuclear materials are removed. All the requirements related to the production reactor  operation shall 
remain in force during this period of time. Reductions in system functions and in the number of 
personnel shall be conducted as specified in the requirements that were established in the design and 
specified in the safety analysis report. 

In the decommissioning plan options such as the techniques for the equipment and building 
dismantling, creation of the additional shielding barriers, support constructions, radioactive waste 
treatment and disposal options should be chosen. The dismantling techniques should include the 
prevention of the radioactive contamination during the dismantling and transportation of the 
radioactive parts to the storage (or disposal) or to the decontamination workshop. A conservative 
approach should be applied in the decommissioning plan for the safety analysis and for environment 
impact evaluations. 

The dismantling of the barriers preventing radioactivity releases into the environment is prohibited 
during the implementation of preparatory activities for decommissioning. 

Decommissioning activities are accompanied by liquid, solid and gaseous radioactive waste 
generation. 

Typical sources of liquid radioactive waste are the following: 

� Sludge located at spent fuel storage pools (high and intermediate level); 

� Spent decontamination solutions (intermediate and low level); 

� Ground water pumping out from the reactor shafts, etc (low level). 

Typical sources of solid radioactive waste are the following: 

� Waste accumulated during the reactors operational phase (graphite sleeves, other graphite 
elements, metal waste etc.); these kinds of waste include any radioactivity levels; 

� Waste generated during the dismantling activity (metal waste, equipment parts, building debris 
etc.); these kinds of waste include low and intermediate radioactivity levels; 

� Solid waste generated from liquid radioactive waste conditioning (solidification); these kinds of 
waste include high and intermediate radioactivity levels. 

Gaseous radioactive waste are generated by the graphite stack and reactor ventilation, as well as 
during the dismantling activities, and should be removed through existing ventilation systems, 
equipped with the filters.  

The liquid waste should be sorted, conditioned and solidified to minimize the volume and to increase 
the safety of further storage. 
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shutdown - one (ADE-3) at the “SChC” site and two (AD and ADE-1) at “MChC” site (Zeleznogorsk, 
Krasnoyarsk region).   

2. Basic legislation and regulations 
The safety regulations for production reactors decommissioning were developed only 10 years later 
after the first two production uranium-graphite reactor (AI and A) were shutdown at the “Mayak” site. 
The safety for regulations for nuclear fuel cycle facilities decommissioning were developed 16 years 
later. As the first step the requirements on radioactive waste management were incorporated into 
decommissioning regulations on the basis of the experience already gained from the production 
uranium-graphite reactors decommissioning. More adequate regulations for the radioactive waste 
management were developed later. 

At present time there are the following main legislative acts relating to the decommissioning of 
nuclear facilities and the safe termination of nuclear activities in the Russian Federation: 

� Federal law “On the Atomic Energy Use”; 

� Federal law “On the Environment Protection”; 

� Federal law “On the Radiation Protection of the Population”. 

The main Federal Norms and Rules related to the decommissioning of nuclear facilities and the safe 
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� “Nuclear Research Installations Decommissioning. Safety Rules ” (NR-028-01); 

� “Ships Nuclear Installations Decommissioning. Safety Rules ” (NR-037-02); 

� “NPP’s Unit Decommissioning. Safety Rules ” (NR-012-99); 

� “Nuclear Fuel Cycle Facilities Safety. General Provisions” (NR-016-2000); 

� “Nuclear Fuel Cycle Facilities Decommissioning. Safety Rules ” (NR-057-04); 

� “Nuclear Production Reactors Decommissioning. Safety Rules ” (NR-007-98). 

Regulations on waste management which should be used during the decommissioning activities 
include: 

� “Safety of radioactive waste management. General provisions” (NP-058-04); 

� “Collection, processing, storage and conditioning of liquid radioactive waste. Safety 
requirements” (NP-019-2000);

� “Collection, processing, storage and conditioning of solid radioactive waste. Safety 
requirements” (NP-020-2000);

� “Management of gaseous radioactive waste. Safety requirements” (NP-021-2000); 

� “Radioactive waste disposal. Principles, criteria and general safety  requirements” (NP-055-04); 

Related health regulations and appropriate norms on nuclear and radiation safety which should be 
implemented during the decommissioning of nuclear installations are also available in the Russian 
Federation.

3. Regulatory requirements for decommissioning of production reactors 
For the decommissioning of nuclear uranium-graphite production reactors in Russia there are three 
options under consideration today: 

� Deferred dismantling with the storage period no longer than 100 years; 

� Long term storage in the reactor shaft during the period longer than 100 years; 

� Onsite disposal in the reactor shaft with no future dismantling. 

In compliance with current regulations it is required that the decommissioning plan be prepared no 
less then 5 years before active decommissioning starts. 

The decommissioning stage shall be taken into account during the design, construction and  operation 
as well as during refurbishment of the nuclear installation. 

During the operational period the operator should collect and store information important for the 
further reactor decommissioning. 

Prior to the termination of operation the operating organization shall develop a decommissioning plan. 
This plan shall contain the activities to be undertaken during decommissioning and the schedule of 
activities both in planning for  and in implementing decommissioning. 

Prior to decommissioning, a comprehensive (investigation) of the nuclear installation and the site 
(including engineering and radiological surveys) shall be conducted by a commission appointed by the 
operator. The results of this comprehensive study shall serve as the basis for the operator to develop a 
decommissioning plan and to prepare a safety analysis report for decommissioning. 

A production reactor that has been shutdown permanently is deemed to be in operation until the 
nuclear materials are removed. All the requirements related to the production reactor  operation shall 
remain in force during this period of time. Reductions in system functions and in the number of 
personnel shall be conducted as specified in the requirements that were established in the design and 
specified in the safety analysis report. 

In the decommissioning plan options such as the techniques for the equipment and building 
dismantling, creation of the additional shielding barriers, support constructions, radioactive waste 
treatment and disposal options should be chosen. The dismantling techniques should include the 
prevention of the radioactive contamination during the dismantling and transportation of the 
radioactive parts to the storage (or disposal) or to the decontamination workshop. A conservative 
approach should be applied in the decommissioning plan for the safety analysis and for environment 
impact evaluations. 

The dismantling of the barriers preventing radioactivity releases into the environment is prohibited 
during the implementation of preparatory activities for decommissioning. 

Decommissioning activities are accompanied by liquid, solid and gaseous radioactive waste 
generation. 

Typical sources of liquid radioactive waste are the following: 

� Sludge located at spent fuel storage pools (high and intermediate level); 

� Spent decontamination solutions (intermediate and low level); 

� Ground water pumping out from the reactor shafts, etc (low level). 

Typical sources of solid radioactive waste are the following: 

� Waste accumulated during the reactors operational phase (graphite sleeves, other graphite 
elements, metal waste etc.); these kinds of waste include any radioactivity levels; 

� Waste generated during the dismantling activity (metal waste, equipment parts, building debris 
etc.); these kinds of waste include low and intermediate radioactivity levels; 

� Solid waste generated from liquid radioactive waste conditioning (solidification); these kinds of 
waste include high and intermediate radioactivity levels. 

Gaseous radioactive waste are generated by the graphite stack and reactor ventilation, as well as 
during the dismantling activities, and should be removed through existing ventilation systems, 
equipped with the filters.  

The liquid waste should be sorted, conditioned and solidified to minimize the volume and to increase 
the safety of further storage. 
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Solid radioactive waste should be sorted according to radioactivity levels, conditioned by crunching, 
burning or compacting, and should be stored or disposed. 

The trench type storage options could be chosen for low level solid radioactive waste. 

The premises of the reactor installation and the building itself could be used for high and intermediate 
solid radioactive waste storage after refurbishment.  

The solid radioactive waste storage facilities located at the reactor site should provide the appropriate 
isolation of the radioactive waste from the environment during the long-term storage period. Storage 
(of disposal) of the solid radioactive waste should include radiation monitoring and minimize any 
release of radionuclides into the environment as long as residual risk from the radioactive waste 
remains. 

The metal low level waste from the dismantling activities could be utilized after decontamination. 

The safe handling of all kinds of waste arising from the decommissioning activities should be foreseen 
in the decommissioning plan. 

The plan should contain estimations of the waste amounts and the characteristics of the radioactive 
and non-radioactive waste arising during decommissioning. 

The operator should conduct the annual inventory of the radioactive waste and it’s registration in a 
specified document. 

The decommissioning plan should also foresee the following: 

� Utilization of the site, buildings etc with the aim at reducing ecological risks and monitoring 
expenses; 

� Methods and equipment to handle large reactor items and their further management; 

� Methods and equipment to handle the graphite stack including provisions for its radioactive 
inventory; 

� Maximize the use of the equipment and techniques available on site for the implementation of 
the decommissioning activities. 

Nevertheless, it is understandable that special equipment for decommissioning, should be designed, 
constructed and utilized. 

The Safety Analysis Report for the decommissioning activity should be developed in the frame of the 
decommissioning plan. 

During decommissioning implementation it is necessary to provide an adequate and continuous 
radiation monitoring inside the reactor installation as well in the environment depending on specific 
activities. 

The operator should provide an effective system for the registration and storage of the documents 
related to the decommissioning.

4. Conclusion 
In conclusion, the main regulatory requirements for the decommissioning of uranium-graphite 
production reactors in the Russian Federation are described in this paper.  
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not developed simultaneously, harmful effects of radiation were discovered with a delay of decades. As a 
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Experience gained could help in the projects related to foreseen decommissioning of the Krško NPP, research 
reactor TRIGA and Central Interim Storage for Radioactive Waste at Brinje.

1. Introduction 
The discovery of radioactivity in 1896 soon led to extensive use of radioactive materials as well as 
ionising radiation produced by electrical apparatus. Harmful effects of the ionising radiation resulted 
in establishment of the International Commission of Radiation Protection (ICRP) which issues 
recommendations regarding radiation protection. The main objective of the ICRP is “to provide an 
appropriate standard of protection for man without unduly limiting the beneficial practices giving rise 
to radiation exposure” as stated in [1]. The standards are implemented in the international 
recommendations and legislation.  

Due to the fact that the radiation safety doctrine was not developed simultaneously with the extensive 
use of ionising radiation the harmful effects of radiation were discovered with a delay of decades. As a 
consequence very often the termination of nuclear activities in the past was not carried out in 
accordance with the present radiation safety standards. In order to cope with this problem the 
regulatory authority in Slovenia, namely the Slovenian Nuclear Safety Administration (SNSA), 
developed a methodology to identify past activities as well as to inspect the decommissioning 
procedures. The methodology was developed in close collaboration with the Agency for Radioactive 
Waste Management (ARAO) and technical support organisations (TSOs) which are approved by the 
regulatory authority (RA). The ARAO is the operator of the Central Interim Storage for Radioactive 
Waste which is the only dedicated facility for storage of radioactive waste from small users in 
Slovenia.  

2. Inspection of past activities 
The current inspection methodology as developed in the last years covers five main tasks mostly 
performed by inspectors and partly by the TSOs:  

� Acquiring technical data on nuclear activities using documents and interviews,  

� On site measurements of contamination and inspection,   

� Assessment of  the scope of decommissioning,  

� Analysis of decommissioning options,  

� Final survey after decommissioning.  

Athens - Book of Contributed Papers A4.indd   94 2006-11-06   13:18:06



95
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Nevertheless, it is understandable that special equipment for decommissioning, should be designed, 
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The Safety Analysis Report for the decommissioning activity should be developed in the frame of the 
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During decommissioning implementation it is necessary to provide an adequate and continuous 
radiation monitoring inside the reactor installation as well in the environment depending on specific 
activities. 

The operator should provide an effective system for the registration and storage of the documents 
related to the decommissioning.
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1. Introduction 
The discovery of radioactivity in 1896 soon led to extensive use of radioactive materials as well as 
ionising radiation produced by electrical apparatus. Harmful effects of the ionising radiation resulted 
in establishment of the International Commission of Radiation Protection (ICRP) which issues 
recommendations regarding radiation protection. The main objective of the ICRP is “to provide an 
appropriate standard of protection for man without unduly limiting the beneficial practices giving rise 
to radiation exposure” as stated in [1]. The standards are implemented in the international 
recommendations and legislation.  

Due to the fact that the radiation safety doctrine was not developed simultaneously with the extensive 
use of ionising radiation the harmful effects of radiation were discovered with a delay of decades. As a 
consequence very often the termination of nuclear activities in the past was not carried out in 
accordance with the present radiation safety standards. In order to cope with this problem the 
regulatory authority in Slovenia, namely the Slovenian Nuclear Safety Administration (SNSA), 
developed a methodology to identify past activities as well as to inspect the decommissioning 
procedures. The methodology was developed in close collaboration with the Agency for Radioactive 
Waste Management (ARAO) and technical support organisations (TSOs) which are approved by the 
regulatory authority (RA). The ARAO is the operator of the Central Interim Storage for Radioactive 
Waste which is the only dedicated facility for storage of radioactive waste from small users in 
Slovenia.  

2. Inspection of past activities 
The current inspection methodology as developed in the last years covers five main tasks mostly 
performed by inspectors and partly by the TSOs:  

� Acquiring technical data on nuclear activities using documents and interviews,  

� On site measurements of contamination and inspection,   

� Assessment of  the scope of decommissioning,  

� Analysis of decommissioning options,  

� Final survey after decommissioning.  
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2.1. Technical data on nuclear activities using documents and interviews  

According to inspection practices the documents could only be partly used as a source of technical 
data related to past activities. The detailed technical documentation regarding past nuclear activities 
should usually be maintained by an operator. In addition, the RA should also maintain an archive 
regarding past activities.  

Two typical situations regarding the lack of proper documentation at an operator’s archive could be 
found. Either an institution carrying out an activity did not implement safety standards, maintain and 
keep proper records or responsibility for a given activity was transferred from one institution to 
another without proper transfer of the documentation. In all such cases the inspectors used interviews 
and findings of on-site inspection as a primary source of information. The interviews of workers and 
managers of institutions where past activities were carried out were conducted in all cases even where 
documentation with technical data was available. 

The RA’s database from the past activities usually did not contain sufficient technical data to analyse 
foreseen decommissioning in details. In some cases no records existed due to the fact that the activities 
were classified as confidential. In addition, transfer of responsibilities from one RA to another RA also 
contributed to the loss of data. 

2.2. On-site inspection and measurements 
The on-site inspection is performed in all foreseen decommissioning cases. In some cases the 
inspectors of the SNSA performed contamination and dose rate measurements. The detailed 
contamination and dose rate measurements are usually performed with the help of TSOs as requested. 
In addition, sample analysis was required in some cases. Two approaches regarding measurements of 
contamination and dose rate were used. Either the operator performed the measurements which were 
controlled by the TSOs or the measurements were performed by TSOs themselves. The inspectors of 
the SNSA found out that decommissioning was very often related to the lack of the knowledge at the 
operator‘s site. In such cases the measurements were performed by the TSO and reported to the 
operator as well to RA.  

2.3. Assessment of the scope of decommissioning 
The scope of decommissioning is based on findings of the on-site inspection as well as on additional 
data related to the measurements of contamination and dose rates. The scope is determined by the RA.  

2.4. Analysis of options of decommissioning 
The analysis of decommissioning options is performed by the operator, TSO and ARAO as well as by 
the RA. Due to the fact that decommissioning in Slovenia is not a routine process, options are 
analysed on a case by case basis. Options are strongly related to the availability of human and 
financial resources of an operator, as well as the suitability of the Central Interim Storage for 
Radioactive Waste for specific radioactive waste. The Central Interim Storage for Radioactive Waste 
was unable to store liquid radioactive waste. In some cases the inspection of the SNSA found lack of 
knowledge related to the ageing of human resources of the operator. Decommissioning is performed 
either by the operator with supervision of the TSO or by the TSO itself.  

2.5. Final survey after decommissioning 
Decommissioning termination usually requires on-site inspections in addition to the inspection of the 
documentation of the decommissioning process. In case of new findings related to the 
decommissioning process, the optimisation of further steps is done by the operator in collaboration of 
RA, TSO and ARAO. At the end of decommissioning a final survey is usually performed. The final 
documentation of the entire process of decommissioning is archived by the operator as well as by the 
SNSA.

3. Case studies 
Numerous cases of decommissioning took place in the past decade in Slovenia [2, 3]. 
Decommissioning projects were partly related to the nuclear fuel cycle. Three specific cases selected 
are described in details, namely the decommissioning of the Žirovski Vrh Uranium Mine, the 

decommissioning of the provisional storage of radioactive waste related to an accident with 226Ra, and 
the decommissioning of several laboratories involving activities with uranium at research institutions. 

� Decommissioning of the Žirovski Vrh Uranium Mine: 

The only uranium mine in Slovenia, namely the Žirovski Vrh Uranium Mine, was operating during 
1985-1990 with the total production of about 450 tonnes of uranium and ceased operation due to 
economic reasons. The first decommissioning activities started in 1992. Four main facilities had to be 
decommissioned: the mine, the U-ore processing plant and two disposal sites namely the mine waste 
disposal site and the tailings pile. The decommissioning of the first two facilities have been already 
finished and both disposal sites are planned to be finished this year (2006). Several options for 
disposal sites remediation were considered, including the one that provided for most tailings volume to 
be returned to the mine galleries and the other that provided for transfer of the tailings to the mine 
waste disposal site. In spite of the sliding terrain it was decided that tailings will remain on the original 
place. Despite the long decommissioning phase, the inspection which all the time closely controlled 
the activities, no severe violations were found. The decommissiong was exclusively performed by the 
mine personnel who was capable to cope with decontamination procedures, clearance levels and 
environmental protection issues.  

� Decommissioning of radioactive waste related to an accident with Ra-226: 

In 1961, an accident occurred at the Institute of Oncology Ljubljana involving 10 mg of RaSO4, with
the activity of 370MBq used for radiation treatment of patients. Accidentally the material from the Ra 
irradiation needle was spread around and decontamination of the institute took place immediately. 
Around 30 m3 of solid and liquid waste were immediately transported to a military barrack at Zavratec, 
a village close to Ljubljana. The storage, shown on figure 1 was sealed with concrete. In 1988, the 
TSO performed the first visual assessment of stored contaminated material. The second assessment 
which was also performed by the TSO followed in 1992. In 1996, the detailed analysis of sources was 
performed and solid waste was put in 97 new storage drums. Some of liquid waste was transported to 
the Jožef Stefan Institute. At that time also contamination of material with other radionuclides besides 
226RA was found as for example contamination with 60Co and 137Cs. The storage was again sealed with 
concrete. The final decommissioning took place in 1999 and 2000 when all waste was sorted and 
transported to the Central Interim Storage for Radioactive Waste. The barrack contaminated with 
226RA, 137Cs and 90Sr was also decontaminated. At the end of decommissioning the barrack was 
returned to general use. 

Figure 1. Storage of contaminated material from the accident at the Institute of Oncology in 1961. 

� Decommissioning of laboratories involving activities with uranium  

In 2004, the inspectors of the SNSA started with an extensive campaign at the research institute which 
commenced by performing nuclear activities in the fifties. The campaign was based on the 
documentation of the institute and RA as well as the interviews of present and past research workers. 
In addition, the publications of the research results of the institute were also a very valuable source of 
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2.1. Technical data on nuclear activities using documents and interviews  

According to inspection practices the documents could only be partly used as a source of technical 
data related to past activities. The detailed technical documentation regarding past nuclear activities 
should usually be maintained by an operator. In addition, the RA should also maintain an archive 
regarding past activities.  
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another without proper transfer of the documentation. In all such cases the inspectors used interviews 
and findings of on-site inspection as a primary source of information. The interviews of workers and 
managers of institutions where past activities were carried out were conducted in all cases even where 
documentation with technical data was available. 

The RA’s database from the past activities usually did not contain sufficient technical data to analyse 
foreseen decommissioning in details. In some cases no records existed due to the fact that the activities 
were classified as confidential. In addition, transfer of responsibilities from one RA to another RA also 
contributed to the loss of data. 

2.2. On-site inspection and measurements 
The on-site inspection is performed in all foreseen decommissioning cases. In some cases the 
inspectors of the SNSA performed contamination and dose rate measurements. The detailed 
contamination and dose rate measurements are usually performed with the help of TSOs as requested. 
In addition, sample analysis was required in some cases. Two approaches regarding measurements of 
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finished and both disposal sites are planned to be finished this year (2006). Several options for 
disposal sites remediation were considered, including the one that provided for most tailings volume to 
be returned to the mine galleries and the other that provided for transfer of the tailings to the mine 
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place. Despite the long decommissioning phase, the inspection which all the time closely controlled 
the activities, no severe violations were found. The decommissiong was exclusively performed by the 
mine personnel who was capable to cope with decontamination procedures, clearance levels and 
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� Decommissioning of radioactive waste related to an accident with Ra-226: 

In 1961, an accident occurred at the Institute of Oncology Ljubljana involving 10 mg of RaSO4, with
the activity of 370MBq used for radiation treatment of patients. Accidentally the material from the Ra 
irradiation needle was spread around and decontamination of the institute took place immediately. 
Around 30 m3 of solid and liquid waste were immediately transported to a military barrack at Zavratec, 
a village close to Ljubljana. The storage, shown on figure 1 was sealed with concrete. In 1988, the 
TSO performed the first visual assessment of stored contaminated material. The second assessment 
which was also performed by the TSO followed in 1992. In 1996, the detailed analysis of sources was 
performed and solid waste was put in 97 new storage drums. Some of liquid waste was transported to 
the Jožef Stefan Institute. At that time also contamination of material with other radionuclides besides 
226RA was found as for example contamination with 60Co and 137Cs. The storage was again sealed with 
concrete. The final decommissioning took place in 1999 and 2000 when all waste was sorted and 
transported to the Central Interim Storage for Radioactive Waste. The barrack contaminated with 
226RA, 137Cs and 90Sr was also decontaminated. At the end of decommissioning the barrack was 
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Figure 1. Storage of contaminated material from the accident at the Institute of Oncology in 1961. 

� Decommissioning of laboratories involving activities with uranium  

In 2004, the inspectors of the SNSA started with an extensive campaign at the research institute which 
commenced by performing nuclear activities in the fifties. The campaign was based on the 
documentation of the institute and RA as well as the interviews of present and past research workers. 
In addition, the publications of the research results of the institute were also a very valuable source of 
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information. Numerous radioactive sources were found including yellow cake and liquids 
contaminated with uranium. In addition, the contaminated laboratories and storages were identified 
including numerous objects as for example hood contaminated with uranium, shown on figure 2. The 
inspections also revealed that in some cases low standards for decontamination used in the past 
required repeated decontamination trials. Decommissioning has been under way since.  

Figure 2. Contaminated hood from the research activities found in 2005. 

4. Foreseen decommissioning of nuclear facilities in Slovenia 
As the Krško NPP was jointly built by the Republic of Slovenia and the Republic of Croatia, an 
Agreement on future Krško decommissioning had to be reached between Slovenia and Croatia. It was 
signed in 2003 [4]. The Agreement requires the preparation of the ”Programme for the 
Decommissioning of the Krško NPP and Disposal of Low and Intermediate Level Waste and Spent 
Fuel”, which was finalized in March 2004 by the Slovenian and Croatian agencies for the management 
of radioactive waste[5].  

A team of experts, including IAEA was assembled to analyze various options and scenarios of 
decommissioning and disposal. The strategy of immediate dismantling was selected, however different 
options were considered: overall duration of activities, wet or dry spent fuel storage, and building a 
waste repository or exporting the contaminated waste, respectively. All the options were carefully 
studied and compared with the foreseen termination of all activities in 15, 30 and 96 years. The period 
of 30 years was proved as the best solution, an even better solution being 45 years. The total costs for 
decommissioning and disposal of radioactive waste and spent fuel in this case amounted to              
350-360 M€. 

In accordance with the Agreement a Review of the programme was prepared in April 2004. The 
Decommissioning Plan has to be updated at least every five years. One of the provisions of the 
Agreement is the formation of special funds, namely Slovenian and Croatian, which will suffice for 
both decommissioning and disposal activities. The Slovenian share of assets for decommissioning of 
the Krško NPP are collected and managed by the Fund for decommissioning of the Krško NPP. Due to 
the revision of the Decommissioning Plan, the levy per kWhe was increased from approximately 0.2 
to 0.3 Euro cents. As decommissioning of the Krško NPP will occur after the year 2023 and lifetime 
extension has not been considered yet, it is assumed that the Krško NPP staff will perform 
decommissioning with the assistance of external contractors. 

Currently there are no decommissioning plans for the research reactor TRIGA and Central Interim 
Storage for Radioactive Waste. Take TRIGA, according to a contract with the US Department of 
Energy, the fuel has to be shipped back by 2019. The Resolution on National Programme of 
Management with Radioactive Waste and Spent Nuclear Fuel for the Period 2006 to 2015 [6] 
stipulates that a decision on the duration of operation has to be made by the end of 2007. The Central 
Waste storage will operate until the construction of the final repository. Afterwards, it will be 
decontaminated and handed over for other purposes. 

5. Conclusions 
According to the present radiation safety standards, decommissioning of nuclear facilities is part of the 
planning as well as operational phase of nuclear installations and use of radioactive material. The 
foreseen decommissioning could also influence the decisions related to both phases mentioned before. 
In addition, the documentation related to planning and operation should be retained as part of the 
knowledge related to these activities. 

Due to the fact that the above-mentioned approach was not always used in the past, decommissioning 
of past activities takes usually longer than would have been necessary and it usually starts with a delay 
of decades. In addition, inspections of the SNSA also found out that in some cases extra 
decommissioning was necessary even if it took place already due to the loose safety standards in the 
past. Experience of the SNSA gained during few decommissioning projects in the last decade could be 
useful in the foreseen decommissioning of the Krško NPP or other facilities. 
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signed in 2003 [4]. The Agreement requires the preparation of the ”Programme for the 
Decommissioning of the Krško NPP and Disposal of Low and Intermediate Level Waste and Spent 
Fuel”, which was finalized in March 2004 by the Slovenian and Croatian agencies for the management 
of radioactive waste[5].  

A team of experts, including IAEA was assembled to analyze various options and scenarios of 
decommissioning and disposal. The strategy of immediate dismantling was selected, however different 
options were considered: overall duration of activities, wet or dry spent fuel storage, and building a 
waste repository or exporting the contaminated waste, respectively. All the options were carefully 
studied and compared with the foreseen termination of all activities in 15, 30 and 96 years. The period 
of 30 years was proved as the best solution, an even better solution being 45 years. The total costs for 
decommissioning and disposal of radioactive waste and spent fuel in this case amounted to              
350-360 M€. 

In accordance with the Agreement a Review of the programme was prepared in April 2004. The 
Decommissioning Plan has to be updated at least every five years. One of the provisions of the 
Agreement is the formation of special funds, namely Slovenian and Croatian, which will suffice for 
both decommissioning and disposal activities. The Slovenian share of assets for decommissioning of 
the Krško NPP are collected and managed by the Fund for decommissioning of the Krško NPP. Due to 
the revision of the Decommissioning Plan, the levy per kWhe was increased from approximately 0.2 
to 0.3 Euro cents. As decommissioning of the Krško NPP will occur after the year 2023 and lifetime 
extension has not been considered yet, it is assumed that the Krško NPP staff will perform 
decommissioning with the assistance of external contractors. 

Currently there are no decommissioning plans for the research reactor TRIGA and Central Interim 
Storage for Radioactive Waste. Take TRIGA, according to a contract with the US Department of 
Energy, the fuel has to be shipped back by 2019. The Resolution on National Programme of 
Management with Radioactive Waste and Spent Nuclear Fuel for the Period 2006 to 2015 [6] 
stipulates that a decision on the duration of operation has to be made by the end of 2007. The Central 
Waste storage will operate until the construction of the final repository. Afterwards, it will be 
decontaminated and handed over for other purposes. 

5. Conclusions 
According to the present radiation safety standards, decommissioning of nuclear facilities is part of the 
planning as well as operational phase of nuclear installations and use of radioactive material. The 
foreseen decommissioning could also influence the decisions related to both phases mentioned before. 
In addition, the documentation related to planning and operation should be retained as part of the 
knowledge related to these activities. 

Due to the fact that the above-mentioned approach was not always used in the past, decommissioning 
of past activities takes usually longer than would have been necessary and it usually starts with a delay 
of decades. In addition, inspections of the SNSA also found out that in some cases extra 
decommissioning was necessary even if it took place already due to the loose safety standards in the 
past. Experience of the SNSA gained during few decommissioning projects in the last decade could be 
useful in the foreseen decommissioning of the Krško NPP or other facilities. 
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Abstract. A brief description of the real condition of Russian NPP units is represented in the paper. Analysis of 
the decrease of total power of all Russian NPPs depending on the time is carried out. A brief description of the 
system of the normative regulatory documents which are necessary for gaining NPP decommissioning and their 
main principles are represented. The main steps before and after final shutdown of a unit, which should be 
performed by operation organization during the process of the preparation for decommissioning and during 
decommissioning itself of any NPP unit, in accordance with aspects of mentioned normative documents are 
outlined. In the end of the paper authors gave an overview and tried to make a conclusion about the situation 
with NPP units decommissioning in Russia. 

1. Introduction 
At present there are 31 generating units at 10 NPP sites. Location of these NPPs is shown on fig.1. As 
a rule, each NPP includes two or even more units. Distribution by type of power reactor is the 
following: 15 units with pressurized water reactors (VVER-440, VVER-1000,), 11 units with light-
water graphite moderate channel reactors (RBMK-1000), 4 units with water-graphite channel reactors 
(EGP-6), 1 unit with fast-neutron breeder reactor (BN-600). There are units at two NPP sites which are 
not represented on fig.1 because they have not been operated for more then 20 years: these are 2 units 
at the Novovoronezhkaya NPP (type VVER-440) and 2 units at the Beloyarskaya NPP with water-
graphite channel reactors (type AMB-100 and AMB-200). Precisely these four units are in the stage of 
preparation to decommissioning and related activities are being performed, including works in 
accordance with the normative documents which will be discussed below. It is useful to notice that 
these units were shutdown as the result of accidents after which it was decided to stop their operation. 

Figure 1. Nuclear power plants in the Russian Federation 
Many operating units approach the end of their design life time (30 years of no-failure operation 
regardless of reactor type). In fact the design life times of some units have already expired and these 
are now being operated under regulatory licenses for extended operation, for example unit �1 of 
Leningradskaya NPP, units �3 and �4 of Novovoronezhkaya NPP, unit �1 of Kolskaya NPP and 
others. As a rule, license for extension of operation of an NPP that has reached 30 years’ age is issued 
for no longer than 5 years. 

In Figure2 it is shown the decrease of total power of all Russian NPPs with time (in relative units; the 
total power being 1 in 2000). It is assumed that theNPPs complete operation and reach the end of 
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total power being 1 in 2000). It is assumed that theNPPs complete operation and reach the end of 
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design life time, and licenses for extension of operation are not issued. Power increase in 2001 and 
2004 is related to the commissioning of the 1st unit of Rostovskaya NPP (2001) and 3rd unit of 
Kalininskaya NPP (2004). As shown on fig.2, in such hypothetical situation the total power of all units 
in 25-30 years would be only a few percent of the level of the year 2000r. From fig.2 it is also possible 
to see when the design life time of these units are reached. The names (abbreviations) of the units 
which were already shutdown, going to be shutdown or commissioned are represented in columns for 
each year. For example, the design life time of the 2nd unit of Leningradskaya NPP expired in 2005, 
the design life time of the 1st unit of Kurskaya NPP is going to expire in 2006, whereas in 2007 and 
2008 there are no units which will reach the age of 30 years that is why the total power does not 
change. The design life time of the 2nd unit of Kurskaya NPP is going to expire in 2009 and the total 
power will decrease again and so on. It is useful to notice that the absolute value of the actual 
power of all the units was about 23,2 gigawatts in 2000.

Figure 2. Hypothetical decrease of total power of all Russian NPPs with time 
In fact, due to the extension of operation time of the units which have reached the age of 30 years (in 
particular all units which are listed in fig.2 over the time period from 2000 till 2006 are in operation 
now), the total power of all the units will not decrease with time as sharply as it shown in fig.2 and 
actually after 2015 it will be several tens of percent of the year 2000 level instead of a few percent as it 
is shown in fig.2. As it is considered that after 2010 it is planned to commission several new units, 
then the value of the total power for the time period from 2020 till 2025, which is shown in fig.2, will 
actually be reached in 2035-2040. At that time the drop of the total power of all the units with time 
will be larger. 

Nevertheless, from Figure 2 it is possible to ascertain that by 2020 about 10 units will be at the age of 
50 years and some of them, probably, will be finally shut down for subsequent decommissioning. This 
situation makes the decommissioning problem urgent.

In spite of the fact that now the units which have reached 30-years age have gained or are gaining 
licenses for extension of operation, the development of the system of regulatory documents which are 
necessary for gaining NPP decommissioning license is being continued at the Russian Regulatory 
Body. 

It is necessary to note a series of the key steps for which this system of documents is developed:

� Decommissioning of a specific NPP unit could be performed only on the basis of government 
decision; 

� Two variants1 of NPP decommissioning are considered, namely: ”liquidation” or entombment; 

� For realization of any variant of NPP unit decommissioning it is necessary to gain a license 
from the Regulatory Body; 

� Any variant of NPP unit decommissioning can be performed only after removal of the fuel 
(fresh and spent) off site; 

� Selection of the variant of NPP unit decommissioning is a prerogative of the operating 
organization; 

� NPP unit decommissioning should be performed only by the operating organization. This 
organization is also responsible for ensuring safety during decommissioning; 

� At a multi-unit NPP decommissioning of any NPP unit should not affect safe operation of other 
operating units; 

� In case of decommissioning of two or more units of a multi-unit NPP it is necessary to obtain 
separate licenses for decommissioning of each of these units; 

� The operating organization should give adequate guarantee of full financial support of NPP unit 
decommissioning process to the Regulatory Body; 

� Limits of radiation exposure to workers and public, which are given in the federal law “Public 
Radiation Safety”, should not be exceeded during the decommissioning process; 

� Regulatory Body does not recommend or demand one or another approach to the 
decommissioning process, for example about concrete technology. But whatever concrete 
technology is chosen, safety justification should be provided. 

� The operating organization should create a database for each NPP unit being decommissioned. 
This database should contain all information necessary for decommissioning, such as 
operational of the operation, amounts of radioactive wastes generated during operation, 
incidents, and their impacts etc. 

These and other fundamental principles and assumptions were formulated in the form of requirements 
in the main document on decommissioning of NPP unit – “Rules for ensuring safety in 
decommissioning of NPP unit”. The level of this document in the hierarchy of documents, where 
decommissioning is mentioned, as well as the level of other documents is given in Figure 3. In 
particular, requirements on development of other documents were formulated in these rules. The 
structure and contents of these documents are defined by the Regulatory Body for harmonization of 
the procedure of their subsequent examination and review. These four (below rules) documents have a 
prescriptive character to some extent. 

On the basis of the above-listed principles, requirements and recommendations, which are contained in 
the documents represented in Figure 3, in 2000 Russian Regulatory Body formulated a full set of 

1 These terms should be understood according to their definitions:
NPP unit entombment – it is a variant of NPP unit decommissioning providing confinement of highly 
radioactive components of systems and structures by way of constructing additional physical barriers and 
eliminating unauthorized access.
NPP unit “liquidation”– it is a variant of NPP unit decommissioning providing either removal (step-by-step 
dismantling, immediate or deferred) of radioactive components, equipment and building structures from NPP 
unit site (including radioactive waste) or their decontamination so as they could be used at the NPP unit site 
without any restrictions. 
 NPP unit storage under surveillance – it is a stage of NPP unit decommissioning, its implementation implies 
long-term storage of building structures, components, equipment and structures at the NPP unit site until 
reduction of radioactive inventory due to natural decay approaches prescribed levels.
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It is necessary to note a series of the key steps for which this system of documents is developed:

� Decommissioning of a specific NPP unit could be performed only on the basis of government 
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� Two variants1 of NPP decommissioning are considered, namely: ”liquidation” or entombment; 
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documents which must be submitted to the Regulatory Body by the operating organization for 
obtaining the license for NPP unit decommissioning.  

Figure 3. Hierarchy of the documents for the NPP unit decommissioning. 

The set of these documents is listed below: 

(1) Decision of the Government of the Russian Federation on NPP Unit Decommissioning; 

(2) Report on Justification of Safety during Decommissioning of NPP Unit; 

(3) Report on the Results of the Comprehensive Engineering and Radiation Survey (CERS) 2;

(4) Programme on Decommissioning of NPP Unit3;

(5) Programme and Schedule for Dismantling of Equipment and Systems; 

2 Comprehensive engineering and radiation survey (CERS) – it is a set of measures needed for development 
of NPP unit decommissioning project and aimed at acquiring of information on the physical state of buildings, 
structures, and equipment as well as on the radiological  situation inside the NPP unit and on site, mass and 
surface contamination of areas, equipment and site , qualitative and quantitative composition of radioactive 
waste. 

3 Programme on decommissioning of NPP unit – it is a document presenting the final state after completion of 
all NPP unit decommissioning activities, main organizational and technical arrangements for implementation of 
the selected variant for NPP unit decommissioning, sequence and schedule for implementation of 
decommissioning stages, as well as a list of main activities for each decommissioning stage. 

FEDERAL LAW ON THE USE OF ATOMIC ENERGY 
Ready-1995

««Requirements on the content and 
structure of the report on justification of 
safety during decommissioning of NPP 

unit»»

Ready-2004

«Requirements on the content and 
structure of the report on results of 

comprehensive engineering and radiation 
survey during decommissioning of NPP 

unit» 
Draft-2006 

«Requirements on the content of 
programme for comprehensive 

engineering and radiation survey 
during decommissioning of NPP unit» 

Draft-2006 

««Requirements on the content of the 
programme on decommissioning of 

NPP unit»»
Ready-2000

GENERAL REGULATIONS ON ENSURING SAFETY 
OF NPPs Ready-1997 

«Rules for ensuring safety in 
decommissioning of NPP unit»  

Ready-1999

(6) Quality Assurance Programme for Decommissioning; 

(7) Instruction on Elimination of Accident Consequences at NPP Unit during Decommissioning; 

(8) Plan of the Arrangements to Protect Personnel in Case of an Accident at NPP Unit; 

(9) Instructions on Equipment and System Operation, taking into Consideration Equipment and 
System Dismantling Stage According to the Dismantling Programme*);

(10) Project Materials on NPP Unit Decommissioning according to the List agreed with the 
Regulatory Body; 

(11) Instruction on Accounting for Control of Radioactive Waste, generated during NPP Unit 
Decommissioning; 

(12) Inquiry on Changes in the System of Physical Protection associated with Decommissioning; 

(13) Act about Carrying out of ultimate Physical Inventory of Nuclear Materials inside Balance of 
Plant Zones; 

(14) Document about the Confirmation of the Absence of Nuclear Materials at the NPP Unit and 
with Indication of the Time when Nuclear Materials were removed; 

(15) Project on Decommissioning of NPP Unit4.

Documents � 2, 3 and 4 of this list are the most complicated and important for operating 
organization. Requirements and recommendations for the contents of these documents were given in 
the form of separate documents of the Regulatory Body (titles are shown in fig.3). In particular, the 
“Report on the Results of the Comprehensive Engineering and Radiation Survey during 
Decommissioning of NPP Unit” requires the carrying out of comprehensive measurements and 
calculations and should include a large amount of information as thebasis for selection and 
justification of a variant of NPP unit decommissioning as well as for development of a 
decommissioning project (see footnote 4). On this basis in turn a “Report on Justification of Safety 
during Decommissioning of NPP Unit” is developed. 

Typical time points and main measures before and after final shutdown of a unit, which should be 
performed by operating organization during the preparation for decommissioning and during 
decommissioning itself, are shown on fig.4. For example the time interval of 5 years, which is shown 
on fig.4, represents one of the requirements of the document  «Rules for ensuring 
safetydecommissioning of NPP unit», whereas time interval of X years is not represented in any 
document in the form of concrete numerical value and etc. 

What are the prospects of decommissioning of Russian NPP units in the nearest future and what has 
been done for that in practice, taking into account existing regulatory basis for decommissioning? 

At shutdown units of Novovoronezhkaya and Beloyarskaya NPPs there is the following situation now: 

At Novovoronezhkaya NPP the process of removal of spent fuel from shutdown units �1 and �2 was 
completed two years ago. Now there are no formal reasons not to begin the process of obtaining the 
license for decommissioning of each of these units, i.e. preparation of necessary sets of 15 documents 
for each unit. Several years ago the operating organization (concern “Rosenergoatom”) developed 
programmes for decommissioning of both NPP units, in accordance with the regulatory document  
“The requirements on the content of the programme for decommissioning of NPP unit”. Both 
programmes were submitted for review to the Regulatory Body. Changes and additions were made to 

*) Materials are presented in the amount coordinated with the Regulatory Body. 

4 Project on decommissioning of NPP unit – a document developed on the basis of NPP unit decommissioning 
programme and CERS of the NPP unit, where specific NPP unit decommissioning activities are defined with 
indication of technologies, sequence of activities, as well as required human, financial,  material, and technical 
resources for each stage of decommissioning.
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documents which must be submitted to the Regulatory Body by the operating organization for 
obtaining the license for NPP unit decommissioning.  
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(13) Act about Carrying out of ultimate Physical Inventory of Nuclear Materials inside Balance of 
Plant Zones; 

(14) Document about the Confirmation of the Absence of Nuclear Materials at the NPP Unit and 
with Indication of the Time when Nuclear Materials were removed; 

(15) Project on Decommissioning of NPP Unit4.

Documents � 2, 3 and 4 of this list are the most complicated and important for operating 
organization. Requirements and recommendations for the contents of these documents were given in 
the form of separate documents of the Regulatory Body (titles are shown in fig.3). In particular, the 
“Report on the Results of the Comprehensive Engineering and Radiation Survey during 
Decommissioning of NPP Unit” requires the carrying out of comprehensive measurements and 
calculations and should include a large amount of information as thebasis for selection and 
justification of a variant of NPP unit decommissioning as well as for development of a 
decommissioning project (see footnote 4). On this basis in turn a “Report on Justification of Safety 
during Decommissioning of NPP Unit” is developed. 

Typical time points and main measures before and after final shutdown of a unit, which should be 
performed by operating organization during the preparation for decommissioning and during 
decommissioning itself, are shown on fig.4. For example the time interval of 5 years, which is shown 
on fig.4, represents one of the requirements of the document  «Rules for ensuring 
safetydecommissioning of NPP unit», whereas time interval of X years is not represented in any 
document in the form of concrete numerical value and etc. 

What are the prospects of decommissioning of Russian NPP units in the nearest future and what has 
been done for that in practice, taking into account existing regulatory basis for decommissioning? 

At shutdown units of Novovoronezhkaya and Beloyarskaya NPPs there is the following situation now: 

At Novovoronezhkaya NPP the process of removal of spent fuel from shutdown units �1 and �2 was 
completed two years ago. Now there are no formal reasons not to begin the process of obtaining the 
license for decommissioning of each of these units, i.e. preparation of necessary sets of 15 documents 
for each unit. Several years ago the operating organization (concern “Rosenergoatom”) developed 
programmes for decommissioning of both NPP units, in accordance with the regulatory document  
“The requirements on the content of the programme for decommissioning of NPP unit”. Both 
programmes were submitted for review to the Regulatory Body. Changes and additions were made to 

*) Materials are presented in the amount coordinated with the Regulatory Body. 

4 Project on decommissioning of NPP unit – a document developed on the basis of NPP unit decommissioning 
programme and CERS of the NPP unit, where specific NPP unit decommissioning activities are defined with 
indication of technologies, sequence of activities, as well as required human, financial,  material, and technical 
resources for each stage of decommissioning.
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these documents as the result of this regulatory review. The Regulatory Body approved them after the 
second review. The programmes were prepared for the variant of “NPP unit storage under 
surveillance” (time for unit storage under surveillance was chosen to be 75 years). During 3-4 
foregoing years the comprehensive engineering and radiation survey had been performed (in 
accordance with recommendations of draft version of the regulatory document “Requirements on the 
content and structure of the report on results of comprehensive engineering and radiation survey 
during decommissioning of NPP unit” and a related report had been developed. However, this report 
has not been sent for review to the Regulatory Body yet. In the same time period the concern 
“Rosenergoatom” developed preliminary specifications for development of the project on 
decommissioning of NPP units �1 and �2. This project is being fully developed now. After 
developing the project, the concern “Rosenergoatom” will begin development of the most important 
document for license obtaining – “Report on justification of safety during decommissioning of units 
�1 and �2 of Novovoronezhkaya NPP” (in accordance with recommendations of the regulatory 
document “Requirements on the content and structure of the report on justification of safety during 
decommissioning of NPP unit”). Most probably, the first licenses for decommissioning in Russia will 
be obtained for these two units. Now units �1 and �2 of Novovoronezhkaya NPP are operated under 
the umbrella of “License for operating unit which was shut down for decommissioning”. However, 
some activities are being performed, such as preparation of personnel for decommissioning, 
dismantling of equipment that was not contaminated by radioactive substances, etc. 

Figure 4. Periods of time and typical control points for decommissioning of NPP unit 

At shutdown units �1 and �2 of Beloyarskaya NPP fuel has been removed from the core and is now 
placed in the cooling ponds. The process of removal of spent fuel from sites of units �1 and �2 has 
not begun. Now the status of these units is the same as the status of units �1 and �2 of 
Novovoronezhkaya NPP and in principle the same activities have been carried out as at 
Novovoronezhkaya NPP. However, the main efforts of personnel of units �1 and �2 of 
Beloyarskaya NPP, in contrast to Novovoronezhkaya NPP, are directed to mechanical services for 
cooling ponds and maintenance of their working condition. Undoubtedly, prospects of obtaining of the 
license for decommissioning of units �1 and �2 of Beloyarskaya NPP are more questionable than 
Novovoronezhkaya NPP, and mostly connected with the timing of fuel removal from these units. 

All other units of other NPPs for which design life time has already expired have obtained licenses for 
extension of operation. However, several years ago all of them submitted their programmes 5 on 
decommissioning of NPP units to the Regulatory Body for review. For the next few years the 
decommissioning of these units is not an urgent question. 

So, what are the main lessons learned from the experience of NPP decommissioning in Russia? Now it 
is rather difficult to formulate them, because, as it was already said above, in practice 
decommissioning work is not being performed. However, in the Reports on Justification of Safety for 
operating and newly constructed NPP units, tasks and questions of the future decommissioning are 
considered in a conceptual plan.  

At four shutdown units, work on preparation for decommissioning is being performed, taking into 
account actual experience from other countries (first of all in terms of dismantling technology), 
assessed for compliance with the documents of the Russian Regulatory Body described above.  

As for harmonization of Russian regulatory documents on decommissioning of NPP unit with 
international practice, for example with IAEA documents and in particular with the methodology 
being developed in the context of the DeSa-project, a, decision is expected to be made by the 
Regulatory Body in the nearest future. 

5  Russian terminology «Programme on decommissioning of NPP unit» is similar to the IAEA terminology 
“Initial decommissioning plan”.  
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cooling ponds and maintenance of their working condition. Undoubtedly, prospects of obtaining of the 
license for decommissioning of units �1 and �2 of Beloyarskaya NPP are more questionable than 
Novovoronezhkaya NPP, and mostly connected with the timing of fuel removal from these units. 

All other units of other NPPs for which design life time has already expired have obtained licenses for 
extension of operation. However, several years ago all of them submitted their programmes 5 on 
decommissioning of NPP units to the Regulatory Body for review. For the next few years the 
decommissioning of these units is not an urgent question. 

So, what are the main lessons learned from the experience of NPP decommissioning in Russia? Now it 
is rather difficult to formulate them, because, as it was already said above, in practice 
decommissioning work is not being performed. However, in the Reports on Justification of Safety for 
operating and newly constructed NPP units, tasks and questions of the future decommissioning are 
considered in a conceptual plan.  

At four shutdown units, work on preparation for decommissioning is being performed, taking into 
account actual experience from other countries (first of all in terms of dismantling technology), 
assessed for compliance with the documents of the Russian Regulatory Body described above.  

As for harmonization of Russian regulatory documents on decommissioning of NPP unit with 
international practice, for example with IAEA documents and in particular with the methodology 
being developed in the context of the DeSa-project, a, decision is expected to be made by the 
Regulatory Body in the nearest future. 

5  Russian terminology «Programme on decommissioning of NPP unit» is similar to the IAEA terminology 
“Initial decommissioning plan”.  
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Abstract. There are a good deal of decommissioning activities going on in the Slovak Republic. The 
first phase of decommissioning of NPP A-1 (heavy water moderated and gas cooled reactor) shall be achieved in 
2007 and the two units of NPP V-1 ( VVER 440 ) shall be shut down in 2006 and 2008 respectively. The 
ongoing decommissioning activities have to be supported by a comprehensive set of legislative documents. The 
Slovak Republic joined the European Union on 1st May 2004 as one of the 10 “new” countries and it was 
necessary to transpose the European legislation into Slovak legislative documents. The new Atomic act  entered 
into force on 01.12.2004 and 13 related regulations entered into force  on 01.03.2006. New acts are also being 
prepared in the area of decommissioning, namely the new act on state fund for decommissioning and the new act 
on environmental impact assessment. This paper presents the development of new legislation for 
decommissioning and radioactive waste management and the approach of the regulatory body to the reviewing 
of ongoing and prepared decommissioning projects and to the control of the whole decommissioning process. 

1. Introduction 
The legal basis for peaceful uses of nuclear energy in particular the part concerning the radioactive 
waste management and decommissioning has developed considerably during the last two years in the 
Slovak Republic. This is caused by the fact that Slovakia became a member state of the European 
Union. Therefore a consistent legislation is the necessary condition for good management of ongoing 
or planned decommissioning actions.  

2. Legal basis
The legal basis for peaceful uses of nuclear energy has developed considerably during the last years. A 
lot of new acts and regulations were prepared in the area of nuclear safety and radiation protection. 
There are two principal regulatory authorities in the Slovak Republic, the UJD SR, which is 
responsible for nuclear safety; and the regulatory body under the Ministry of Health (State Health 
Institute) which is responsible for radiation protection. 

The legal system in Slovakia is structured as follows: 

� Constitution, constitutional acts, acts and governmental orders are adopted either by Parliament 
or by Government and are generally binding; 

� Regulations, orders and measures issued by central state administration authorities define details 
of acts´ and governmental orders´ implementation and are generally binding; 

� Guides issued by the regulatory authorities describe recommended steps to secure compliance 
with requirements given by binding documents. Guides are not generally binding. 

2.1. Atomic act 
Act No. 541/2004 on peaceful use of nuclear energy (Atomic act) is in force since 1st  December 2004 
and  lays down conditions for safe use of nuclear energy exclusively for peaceful purposes in 
accordance with international agreements made by the Slovak Republic. 
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The article devoted to decommissioning sets down the following provisions: 

� After the termination of nuclear installation operation the authorization holder shall be liable to 
ensure decommissioning. The responsibility for the decommissioning shall be with the 
authorization holder for the decommissioning phase; 

� Prior to the scheduled shut down of a nuclear installation for the purpose of operation 
termination the authorization holder for operation shall be liable to submit the documentation 
pursuant to the act on the environmental impact assessment and to complete it in a way to meet 
the requirements for the decommissioning conceptual plan; 

� Authorization for decommissioning phase shall be issued by the nuclear regulatory authority 
based on a written application attached with the documentation required by the act; 

� If decommissioning requires the construction and utilization of new industrial plants within the 
territory demarcated by the boundaries of the nuclear installation to be decommissioned, the 
requirements pursuant to articles on building, commissioning and operation of nuclear 
installations shall apply including the submission, review and approval of documentation; 

� The nuclear regulatory authority shall decide on removal of a nuclear installation from the 
coverage of Atomic act based on a written application by the authorization holder for 
decommissioning attached with the documentation pursuant to the act; 

� The process of decommissioning of nuclear installations is controlled by routine inspections of 
site inspector or special inspection of inspection teams. Execution of the inspection activities is 
managed internal guidelines and consistent with the annual inspection plan. The inspectors of 
UJD SR have a long experience in relevant fields.  

2.2. Regulations 
There are 13 regulations that were prepared in relation with the Atomic act. The regulations are in 
force since 1st March 2006. The regulations that are linked to the decommissioning and radioactive 
waste management are as follows: 

� Detail regulation concerning requirements upon management of nuclear material, radioactive 
waste and spent fuel, which stipulates provisions for all steps of radioactive waste management, 
provisions for import of radwaste, classification of radwaste and provisions for the keeping of 
safety documentation and radioactive waste records; 

� Regulation on periodic safety review, which establishes the period and extent of periodical 
safety review during operation as well as during decommissioning and the contents of related 
reports;

� Detail regulation concerning safety requirements for nuclear installations in respect of their 
siting, design, construction, commissioning, operation, decommissioning and closure of a 
repository, as well as criteria for the categorization of classified equipment into safety classes, 
which lays down the requirements concerning nuclear safety also for the whole process of 
decommissioning and for repository closure; 

� Detail regulation concerning the scope, content and drafting of nuclear installation 
documentation needed for certain decisions, which sets down detailed content of documents 
needed for all steps of licensing process during the whole lifetime of nuclear installations; 

� Detail regulation concerning requirements for quality system documentation of authorization 
holder, as well as details concerning quality requirements for nuclear installations, details 
concerning quality requirements for classified equipment and details concerning the scope of 
their approval; 

� Detail regulation concerning emergency planning in a case of nuclear incident or accident. 

2.3. Acts linked to decommissioning 
The act on environmental impact assessment defines the provisions for evaluation of proposals for all 
new nuclear facilities and also proposals for their decommissioning. The environmental impact 
assessment process includes the hearing of citizens in local and neighbouring municipalities and where 
applicable statements of neighbouring countries. This new act which entered into force on 1st February 
2006 introduces also the process for strategic environmental assessment. 

The act on protection of public health stipulates requirements of radiation protection and all 
radiological limits for workers and public. The new act was published in the official collection of acts 
and will enter into force on 1st June 2006. 

The act on state fund for decommissioning, spent fuel and radioactive waste management gives details 
on creation and use of the fund. The fund can be used for decommissioning, management of orphan 
sources and for research and development in the field of radioactive waste management. A new act on 
national nuclear fund, which will replace the present act is under preparation. The act addresses more 
precisely the collection of financial resources for specific nuclear installations, and lays down the 
provisions to make use of financial resources in accordance with the approved decommissioning 
strategy. These provisions are periodically reviewed. Finally the new act identifies financial resources 
for the period when, during the operation of nuclear power plants, the act on decommissioning fund 
was missing and money was not collected. 

3. Decommissioning activities 

3.1. NPP A-1 
Pilot nuclear power plant A-1 at Jaslovske Bohunice site was equipped with a heavy water gas cooled 
reactor with power output of 143 MWe. This NPP was operated since 1972 and was shut down in 1977 
after an accident of the primary coolant system. Significant damage and corrosion of the fuel cladding 
during the accident caused contamination of important NPP systems. 

Although the decision on decommissioning of NPP A-1 was taken in 1979, the start of A-1 
decommissioning was delayed and is progressing slowly. The first decommissioning activities were 
conducted on a case by case basis for lack of specific regulations. The comprehensive 
decommissioning plan for the first phase of NPP A-1 decommissioning was prepared in 1993 – 1994 
and was amended in 1995/96. As there was still no legal basis for decommissioning licence, some 
tasks were approved individually. The authorization for the first phase of decommissioning according 
to the Atomic act was issued in 1999 and amended by the UJD SR Decision No. 144/2003 in 2003. 

The planned inspections at NPP A-1 in 2005 were focused on consistency of performed 
decommissioning activities with UJD’s Decision requirements. The inspection activities at NPP A-1 
were particularly oriented to the reconstruction of the vitrification facility for treatment of high activity 
“chrompik” used formerly as a long-term coolant of spent fuel assemblies. 

UJD inspection activities were performed in co-operation with the Public Health Authority of the 
Slovak Republic. 

In parallel to the commissioning of the new facility for sludge fixation, UJD intensified inspection 
activities in this area. 

3.2. NPP V-1 
Slovak government has approved the dates 2006 and 2008 for shutdown of both units of V-1 NPP, 
which is equipped with VVER 440 pressure water reactors. The operator with assistance of EBRD by 
Bohunice International Decommissioning Fund (BIDSF) has established the Project Management 
Unit, which manages projects relating to shut down and decommissioning (including transition period) 
of NPP. The projects that have been prepared to date include: 

(1) The analysis of usability of V-1 structures and equipment; 

(2) Analysis of the usability of the site following V-1 operation termination; and 

(3) EIA Report. 
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The article devoted to decommissioning sets down the following provisions: 
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coverage of Atomic act based on a written application by the authorization holder for 
decommissioning attached with the documentation pursuant to the act; 

� The process of decommissioning of nuclear installations is controlled by routine inspections of 
site inspector or special inspection of inspection teams. Execution of the inspection activities is 
managed internal guidelines and consistent with the annual inspection plan. The inspectors of 
UJD SR have a long experience in relevant fields.  

2.2. Regulations 
There are 13 regulations that were prepared in relation with the Atomic act. The regulations are in 
force since 1st March 2006. The regulations that are linked to the decommissioning and radioactive 
waste management are as follows: 

� Detail regulation concerning requirements upon management of nuclear material, radioactive 
waste and spent fuel, which stipulates provisions for all steps of radioactive waste management, 
provisions for import of radwaste, classification of radwaste and provisions for the keeping of 
safety documentation and radioactive waste records; 
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� Detail regulation concerning safety requirements for nuclear installations in respect of their 
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decommissioning and for repository closure; 

� Detail regulation concerning the scope, content and drafting of nuclear installation 
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concerning quality requirements for classified equipment and details concerning the scope of 
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during the accident caused contamination of important NPP systems. 
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conducted on a case by case basis for lack of specific regulations. The comprehensive 
decommissioning plan for the first phase of NPP A-1 decommissioning was prepared in 1993 – 1994 
and was amended in 1995/96. As there was still no legal basis for decommissioning licence, some 
tasks were approved individually. The authorization for the first phase of decommissioning according 
to the Atomic act was issued in 1999 and amended by the UJD SR Decision No. 144/2003 in 2003. 

The planned inspections at NPP A-1 in 2005 were focused on consistency of performed 
decommissioning activities with UJD’s Decision requirements. The inspection activities at NPP A-1 
were particularly oriented to the reconstruction of the vitrification facility for treatment of high activity 
“chrompik” used formerly as a long-term coolant of spent fuel assemblies. 

UJD inspection activities were performed in co-operation with the Public Health Authority of the 
Slovak Republic. 

In parallel to the commissioning of the new facility for sludge fixation, UJD intensified inspection 
activities in this area. 

3.2. NPP V-1 
Slovak government has approved the dates 2006 and 2008 for shutdown of both units of V-1 NPP, 
which is equipped with VVER 440 pressure water reactors. The operator with assistance of EBRD by 
Bohunice International Decommissioning Fund (BIDSF) has established the Project Management 
Unit, which manages projects relating to shut down and decommissioning (including transition period) 
of NPP. The projects that have been prepared to date include: 

(1) The analysis of usability of V-1 structures and equipment; 

(2) Analysis of the usability of the site following V-1 operation termination; and 

(3) EIA Report. 
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The projects related to decommissioning of NPP V-1 can be divided into three groups. In the first 
group, there are projects relating to shut down of NPP V-1. In 2005, UJD SR reviewed project 
documentation for reconstruction of auxiliary steam boiler facility. This facility will serve in the future 
as a heat and steam supply for other nuclear installations located at Jaslovské Bohunice site. 

The projects from the second group are related to the safety documentation for NPP V-1 
decommissioning. In 2005 the conceptual decommissioning plan was updated in which three 
decommissioning variants were elaborated based on multi-criteria analysis. 

The third group of projects is related to radwaste management. In 2005, UJD reviewed the safety 
documentation for construction of the integral storage facility for radwaste unsuitable for disposal at 
Mochovce near surface repository (RU RAO). In 2005, a new project for expansion of RU RAO 
disposal capacity was initiated and the report on Environmental Impact Assessment of expansion of 
RU RAO disposal capacity was elaborated.

4. Conclusions 
The new legal basis for peaceful use of nuclear energy in Slovakia includes also legal documents that 
ensure safe decommissioning. This part of acts and regulations was based on feedback from use of 
previous legal documents, requirements and recommendations from IAEA safety standards, the 
requirements of the Joint Convention on the Safety of Spent Fuel Management and on the Safety of 
Radioactive Waste Management, and on reference levels set down by the association of 
representatives of European union regulatory bodies (WENRA). 

The set of legal documents ensure that adequate financial resources will be available, the 
decommissioning activities will be conducted safely, good waste management principles will be 
followed and the site will be left in an acceptable end state.  
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Abstract. Some nuclear facilities are undergoing or beginning decommissioning in China. This paper 

introduces briefly current strategy, policies and technical standards in nuclear facility decommissioning, analyses 
existing issues posed and gives advices on framework  of regulation and technical standard in decommissioning. 
“Act on the Prevention and Control of Radioactive Contamination” states primary strategies and policies on the 
nuclear facility decommissioning. A few of technical standards for decommissioning have been published in 
China. But generally speaking, the existing regulations and technical standards can’t meet the requirements of 
decommissioning undergoing, and systematic,comprehensive regulation and standards system should be further 
developed.  

1. Introduction 
China has primarily established a nuclear fuel cycle system covering uranium exploration, mining and 
milling, conversion, isotope separation, nuclear fuel element manufacture, nuclear power generation 
and spent fuel reprocessing. In additional, nuclear technology has been used extensively in agriculture, 
medicine and research fields and a large amount of natural occurring radioactively material (NORM) 
has been explored and utilized in various fields. Due to change of national strategy in nuclear industry, 
technology update and other reasons, some of the nuclear facilities from earlier periods are undergoing 
or waiting for decommissioning. 

China has paid attention to nuclear facility decommissioning for more than twenty years and actively 
considered its decommissioning strategy. With reference to IAEA’s safety standards related to nuclear 
facility decommissioning, China takes two types of decommissioning strategy, i.e., immediate 
decommissioning or deferred decommissioning. Choice of decommissioning strategy depends on 
complexity of facility decommissioned, the availability of appropriate techniques and technologies for 
decommissioning, the adequacy and availability of financial resources, as well as taking the public’s 
views and concerns into account. 

The activities of nuclear facilities decommissioning started at the end of 1980’s in China. At present, 
some uranium mining and milling facilities and nuclear application facilities have been 
decommissioned sucessfully and decommissioning of some research reactors and nuclear fuel cycle 
facilities is being planned or undertaken. 

2. Current status of polices and standards for nuclear facility decommissioning 
2.1. Regulatory and organization framework of nuclear facility decommissioning 
The National Nuclear Safety Administration (NNSA, SEPA), the China Atomic Energy Authority 
(CAEA), the Ministry of Finance (MOF) and industry development organizations involved  (IDO) are 
responsible of regulating and organizing nuclear facility decommissioning. In additional, local 
environment protection administration participates in regulatory to safety and environment. The Figure 
1 shows the regulatory and organization frameworks in China. 
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The projects related to decommissioning of NPP V-1 can be divided into three groups. In the first 
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documentation for construction of the integral storage facility for radwaste unsuitable for disposal at 
Mochovce near surface repository (RU RAO). In 2005, a new project for expansion of RU RAO 
disposal capacity was initiated and the report on Environmental Impact Assessment of expansion of 
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requirements of the Joint Convention on the Safety of Spent Fuel Management and on the Safety of 
Radioactive Waste Management, and on reference levels set down by the association of 
representatives of European union regulatory bodies (WENRA). 

The set of legal documents ensure that adequate financial resources will be available, the 
decommissioning activities will be conducted safely, good waste management principles will be 
followed and the site will be left in an acceptable end state.  
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facilities is being planned or undertaken. 

2. Current status of polices and standards for nuclear facility decommissioning 
2.1. Regulatory and organization framework of nuclear facility decommissioning 
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1 shows the regulatory and organization frameworks in China. 
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Figure 1. The regulatory and organization frameworks of nuclear facility decommissioning in China. 

2.2. Law and regulation system 
In China, law and regulations system is composed of three layers in a hierarchy, i.e. act, decree and 
department rule respectively (see Figure 2).  

Figure 2. The hierarchy of legislation in China. 

At present, China has still not any act and administrative regulation specified to nuclear facility 
decommissioning. But “The act on prevention and control of radioactivity contamination”[1]�which is 
first law specified to nuclear and radioactivity and went into force in 2003, states basic requirements to 
nuclear facility decommissioning. The key items can be summarized as following: 

� Before carrying out decommissioning activities, the operator shall submit an application to 
regulatory bodies.  The decommissioning activities can start only after the application has been 
approved. 

� The operator shall submit an environmental impact assessment report to environment protection 
administration before applying for decommissioning approval. 

� The operators of nuclear facilities and uranium (thorium) mining and milling facilities shall 
prepare a decommissioning plan. 

� For uranium mining and milling facilities, the decommissioning costs will be covered by state 
finance budgets. For nuclear facilities, decommissioning costs and radioactive waste disposal 
costs shall be raised in advance and included in the budgetary estimate or production costs. 
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2.3. Technical standards system 
Besides some general technical standards for nuclear activities, a few technical standards specific to 
nuclear facility decommissioning have been published or are being drafted. The technical standards 
published are listed in table 1. 

Table 1. The major technical standards for nuclear facilities decommissioning in China 

No. Title 

GB18871-2002 Basic safety standards for protection against ionizing radiation and for 
the safety of Radiation Sources 

GB14500-2002 The regulation for radioactive waste management 

GB/T 19579-2004 Safety requirements for nuclear facility decommissioning 

GB11850-1989 Radiation protection regulation for nuclear reactor decommissioning  

GB14588-1993 Technical regulation for environmental management in nuclear reactor 
decommissioning 

GB17569-1998 Clearance level for recycle and reuse of steel and aluminum in nuclear 
facility 

GB14586-1993 Technical regulation for environmental management of uranium mining 
and milling facility decommissioning 

HJ53-2000 Interim regulation for acceptable level of residual radionuclides in soil 
of site considered for release 

It can be clearly shown from table 1, these standards involve various aspects, such as safety 
requirements, criteria of recycle and reuse of contamination, the cleanup criteria of contamination 
surface. 

 “Safety requirements for nuclear facility decommissioning”(GB/T19559-2004)[2] is presently the 
basic technical standard in decommissioning. Referring to the IAEA safety requirements “Predisposal 
management of radioactive wastes, including decommissioning” and other safety standards for 
decommissioning, this standard sets up safety objectives, safety principles, radiation protection, 
radioactive waste safety, industry safety, radiation monitoring, emergency planning, physical 
protection and safeguards as well as quality assurance in nuclear facility decommissioning. However, 
it should be noted that it is a recommendatory standards and is only applicable to nuclear facility 
decommissioning and does not cover with uranium mining and milling facility decommissioning.  

For uranium mining and milling facility decommissioning, the decommissioning procedures and major 
technical criteria are set up in “technical regulation for environmental management of uranium mining 
and milling facility decommissioning” (GB 14586-1993). This standard states that the 
decommissioning procedures are composed of application and approve, decommissioning operation, 
decommissioning completion and review, responsibility transfer and long-term institutional control as 
well as quality assurance. The technical criteria in this standard involve dose control objectives for 
workers and public during and after decommissioning, surface contamination levels for free release 
using instruments, equipments, steel and iron decontaminated, radon emanation rate for buried mining 
debris hills and tailings impoundments, the acceptable level for 226Ra in remediated soils as well as 
control level for contaminations in waste water discharging into environment media. These technical 
criteria have been adopted in several decommissioning actives of uranium mining and milling 
facilities.

3. Existing issues in polices and standards for nuclear facility decommissioning in 
China 

Although the competence authorities have paid more attention to developing legislative codes and 
technical standards for nuclear decommissioning in recent years in China, the present regulations and 
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2.3. Technical standards system 
Besides some general technical standards for nuclear activities, a few technical standards specific to 
nuclear facility decommissioning have been published or are being drafted. The technical standards 
published are listed in table 1. 

Table 1. The major technical standards for nuclear facilities decommissioning in China 

No. Title 

GB18871-2002 Basic safety standards for protection against ionizing radiation and for 
the safety of Radiation Sources 

GB14500-2002 The regulation for radioactive waste management 

GB/T 19579-2004 Safety requirements for nuclear facility decommissioning 

GB11850-1989 Radiation protection regulation for nuclear reactor decommissioning  

GB14588-1993 Technical regulation for environmental management in nuclear reactor 
decommissioning 

GB17569-1998 Clearance level for recycle and reuse of steel and aluminum in nuclear 
facility 

GB14586-1993 Technical regulation for environmental management of uranium mining 
and milling facility decommissioning 

HJ53-2000 Interim regulation for acceptable level of residual radionuclides in soil 
of site considered for release 

It can be clearly shown from table 1, these standards involve various aspects, such as safety 
requirements, criteria of recycle and reuse of contamination, the cleanup criteria of contamination 
surface. 

 “Safety requirements for nuclear facility decommissioning”(GB/T19559-2004)[2] is presently the 
basic technical standard in decommissioning. Referring to the IAEA safety requirements “Predisposal 
management of radioactive wastes, including decommissioning” and other safety standards for 
decommissioning, this standard sets up safety objectives, safety principles, radiation protection, 
radioactive waste safety, industry safety, radiation monitoring, emergency planning, physical 
protection and safeguards as well as quality assurance in nuclear facility decommissioning. However, 
it should be noted that it is a recommendatory standards and is only applicable to nuclear facility 
decommissioning and does not cover with uranium mining and milling facility decommissioning.  

For uranium mining and milling facility decommissioning, the decommissioning procedures and major 
technical criteria are set up in “technical regulation for environmental management of uranium mining 
and milling facility decommissioning” (GB 14586-1993). This standard states that the 
decommissioning procedures are composed of application and approve, decommissioning operation, 
decommissioning completion and review, responsibility transfer and long-term institutional control as 
well as quality assurance. The technical criteria in this standard involve dose control objectives for 
workers and public during and after decommissioning, surface contamination levels for free release 
using instruments, equipments, steel and iron decontaminated, radon emanation rate for buried mining 
debris hills and tailings impoundments, the acceptable level for 226Ra in remediated soils as well as 
control level for contaminations in waste water discharging into environment media. These technical 
criteria have been adopted in several decommissioning actives of uranium mining and milling 
facilities.

3. Existing issues in polices and standards for nuclear facility decommissioning in 
China 

Although the competence authorities have paid more attention to developing legislative codes and 
technical standards for nuclear decommissioning in recent years in China, the present regulations and 
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technical standards are still not perfect and do not meet the needs of on-going nuclear facility 
decommissioning activities. This can be shown from the following facts. 

(1) Lacking national administrative regulation for decommissioning. At present, China hasn’t still 
any law, regulation and government department’s rule specified to nuclear facility 
decommissioning. Except “the act on prevention and control of activity contamination”, few 
decrees and departmental rules address decommission. Some critical factors, such as 
decommissioning policies, strategies, regulatory procedures, safety objectives and requirements, 
operator’s responsibility, long-term institutional controls of decommissioned site and financial 
sources for decommissioning, have not as yet been stipulated in mandatory administrative 
codes. This may have disadvantageous effects on planning and conducting of decommissioning 
activities. 

(2) Some nuclear facilities, which were put into operation before “the act on prevention and control 
of radioactivity contamination” was promulgated, don’t still have a decommissioning plan. 
Even some nuclear power stations have not yet considered drawing up decommissioning plan 
and decommissioning cost. 

(3) Lacking technical standards for decommissioning plan and operation. In particular, China is 
lacking technical criteria for decontamination, cleanup of contamination, clearance of 
contaminated material, reuse and recycle of contaminated material, very low-level waste 
management options. Due to absence of common technical criteria, the regulatory authorities 
have to examine and approve them in case-by-case means.  

(4) Some technical standards don’t reflect and incorporate the newest safety requirements and 
outcomes of studying.  With the increasing number of decommissioning projects, some 
international organizations (e.g. IAEA, ICRP and OECD/NEA) strengthen studying on 
decommissioning issues and have published some safety standards or recommendations to meet 
MS’s needs in recent years. In additional, some top-level standards have been published or 
revised in recent years in China, such as “basic safety standards for protection against ionizing 
radiation and for the safety of Radiation Sources” (GB18871-2002, CBSS) and “The regulation 
for radioactive waste management”(GB14500-2002). This newest requirements and outcomes 
should be incorporated in corresponding technical standards, but a few of standards published 
earlier still need to be revised.  

4. Advice on framework of regulation and standard for decommissioning 
4.1. Regulation framework 
Based on current issues and experiences learning from other countries, the authors advise that the 
following regulation system (shown in Figure 3) should be established step by step. 

Figure 3. The advised regulation framework of nuclear facility decommissioning 

4.2. Technical standard framework 
Concerning the framework of decommissioning technical standards, the authors believe that the 
structure of IAEA’s safety standards[3] is very reasonable, practicable and should be adopted 
integration with taking current status and trends of facility decommissioning into account. The advised 
the framework of decommissioning technical standards is listed in table 2.  

Table 2. The advised the framework of decommissioning technical standards 

Type  Title 
Fundamental standard 1. Basic safety standards for protection against ionizing radiation and for the 

safety of Radiation Sources  
2. Safety requirements of nuclear facility decommissioning and environmental 
remediation 
3. The regulation for radioactive waste management 

General standard 1.Safety assessment of nuclear, radiation facility decommissioning and 
environmental remediation 
2. Management systems of nuclear, radiation facility decommissioning and 
environmental 
3. Cleanup level of radioactivity in soil of site considered for non-limitation 
release 
4. The control level of reusing and recycle of materials contaminated 

Specific standard 1.Decommissioning and environmental remediation of nuclear power stations 
and research reactors 
2.Decommissioning and environmental remediation of nuclear fuel cycle 
facilities 
3.Decommissioning and environmental remediation of nuclear application 
facilities 
4.Decommissioning and environmental remediation of uranium mining and 
milling facilities 
5.Decommissioning and environmental remediation of NORM/TENORM 
facilities 
6. Remediation of area contaminated by past activities and accidents 
7. Management of very low-level waste generated from decommissioning and 
environmental remediation 

The Act on prevention and control 
of radioactivity contamination 

The Act of atomic energy  

Administrative regulation on nuclear, radiation facilities 
decommissioning and environmental remediation

Adminstrative rule 1. The decommissioning plan of nuclear facilities 
Adminstrative rule 2. Supervision and inspection of nuclear, radiation facilities 
decommissioning and environmental remediation 
Adminstrative rule 3. Final review and acceptance of nuclear, radiation facilities 
decommissioning and environmental remediation 
Adminstrative rule 4. Long-term institutional control of facilities and site decommissioned 
Adminstrative rule 5. Accumulating and using funds for decommissioning and radioactive 
waste management 
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technical standards are still not perfect and do not meet the needs of on-going nuclear facility 
decommissioning activities. This can be shown from the following facts. 

(1) Lacking national administrative regulation for decommissioning. At present, China hasn’t still 
any law, regulation and government department’s rule specified to nuclear facility 
decommissioning. Except “the act on prevention and control of activity contamination”, few 
decrees and departmental rules address decommission. Some critical factors, such as 
decommissioning policies, strategies, regulatory procedures, safety objectives and requirements, 
operator’s responsibility, long-term institutional controls of decommissioned site and financial 
sources for decommissioning, have not as yet been stipulated in mandatory administrative 
codes. This may have disadvantageous effects on planning and conducting of decommissioning 
activities. 

(2) Some nuclear facilities, which were put into operation before “the act on prevention and control 
of radioactivity contamination” was promulgated, don’t still have a decommissioning plan. 
Even some nuclear power stations have not yet considered drawing up decommissioning plan 
and decommissioning cost. 

(3) Lacking technical standards for decommissioning plan and operation. In particular, China is 
lacking technical criteria for decontamination, cleanup of contamination, clearance of 
contaminated material, reuse and recycle of contaminated material, very low-level waste 
management options. Due to absence of common technical criteria, the regulatory authorities 
have to examine and approve them in case-by-case means.  

(4) Some technical standards don’t reflect and incorporate the newest safety requirements and 
outcomes of studying.  With the increasing number of decommissioning projects, some 
international organizations (e.g. IAEA, ICRP and OECD/NEA) strengthen studying on 
decommissioning issues and have published some safety standards or recommendations to meet 
MS’s needs in recent years. In additional, some top-level standards have been published or 
revised in recent years in China, such as “basic safety standards for protection against ionizing 
radiation and for the safety of Radiation Sources” (GB18871-2002, CBSS) and “The regulation 
for radioactive waste management”(GB14500-2002). This newest requirements and outcomes 
should be incorporated in corresponding technical standards, but a few of standards published 
earlier still need to be revised.  

4. Advice on framework of regulation and standard for decommissioning 
4.1. Regulation framework 
Based on current issues and experiences learning from other countries, the authors advise that the 
following regulation system (shown in Figure 3) should be established step by step. 

Figure 3. The advised regulation framework of nuclear facility decommissioning 

4.2. Technical standard framework 
Concerning the framework of decommissioning technical standards, the authors believe that the 
structure of IAEA’s safety standards[3] is very reasonable, practicable and should be adopted 
integration with taking current status and trends of facility decommissioning into account. The advised 
the framework of decommissioning technical standards is listed in table 2.  

Table 2. The advised the framework of decommissioning technical standards 

Type  Title 
Fundamental standard 1. Basic safety standards for protection against ionizing radiation and for the 

safety of Radiation Sources  
2. Safety requirements of nuclear facility decommissioning and environmental 
remediation 
3. The regulation for radioactive waste management 

General standard 1.Safety assessment of nuclear, radiation facility decommissioning and 
environmental remediation 
2. Management systems of nuclear, radiation facility decommissioning and 
environmental 
3. Cleanup level of radioactivity in soil of site considered for non-limitation 
release 
4. The control level of reusing and recycle of materials contaminated 

Specific standard 1.Decommissioning and environmental remediation of nuclear power stations 
and research reactors 
2.Decommissioning and environmental remediation of nuclear fuel cycle 
facilities 
3.Decommissioning and environmental remediation of nuclear application 
facilities 
4.Decommissioning and environmental remediation of uranium mining and 
milling facilities 
5.Decommissioning and environmental remediation of NORM/TENORM 
facilities 
6. Remediation of area contaminated by past activities and accidents 
7. Management of very low-level waste generated from decommissioning and 
environmental remediation 

The Act on prevention and control 
of radioactivity contamination 

The Act of atomic energy  

Administrative regulation on nuclear, radiation facilities 
decommissioning and environmental remediation

Adminstrative rule 1. The decommissioning plan of nuclear facilities 
Adminstrative rule 2. Supervision and inspection of nuclear, radiation facilities 
decommissioning and environmental remediation 
Adminstrative rule 3. Final review and acceptance of nuclear, radiation facilities 
decommissioning and environmental remediation 
Adminstrative rule 4. Long-term institutional control of facilities and site decommissioned 
Adminstrative rule 5. Accumulating and using funds for decommissioning and radioactive 
waste management 

Athens - Book of Contributed Papers A4.indd   117 2006-11-06   13:21:48



118

5. Remarks 
The policies and standards play important role in nuclear facility decommissioning. Although some 
decommissioning activities have been finished in China, national policy and strategies in 
decommissioning is still not perfect and should be further reinforced. Some key factors, such as 
decommissioning plan, decommissioning strategy, financial resources and long-term intuitional 
control of decommissioned site, should be stipulated in legal documents. In particular, the system of 
decommissioning plan and decommissioning fund should be established as soon as possible. 

IAEA have established the structure of safety standards on decommissioning and environmental 
remediation, which provide very well basis for developing framework of decommissioning standard in 
China. The authors also make suggestions on framework of technical standard system on 
decommissioning, based on structure of IAEA’s framework and taking the current situation and trend 
in decommissioning into account. 
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Abstract. The Research Reactor, TRR-1 (renamed TRR-1/M1 after core replacement) in Thailand has 

been operated for more than 43 years. This ageing reactor will be facing shutdown in the near future. Laws and 
Regulations have been continually developed to assure the safe operation of nuclear facilities, particularly of the 
research reactor, and to ensure the safe decommissioning of the reactor after its operational life. However, the 
Thai nuclear legislation is still not applicable to a number of areas. Office of Atoms for Peace is working toward 
development of a new consolidated Act. In addition, the licensing steps for modification and decommissioning 
are added to the new Ministerial Regulation and to the new guidance documents on the licensing process for 
research reactors. Regulations, guidance and criteria for approval of decommissioning are being developed using 
the IAEA Safety Standards Series as the main basis for drafting. Human resource development is considered as 
one of the key important factor to ensure safe decommissioning of the installation. Staffing and training of the 
operating organization and the regulatory body personnel have been addressed to ensure the achievement of 
competency level. Simple methods and technologies are the best means for implementation while learning from 
experience of others will help and support us in our attempt to be the ‘second First’. IAEA advice and assistance 
on the decommissioning of nuclear facilities in countries with limited resources is desirable. 

1. Introduction 
Thailand, one of the members of ASEAN, is located in Southeast Asia on the Gulf of Thailand and the 
Andaman Sea. The kingdom shares boundaries with Myanmar, Laos, Cambodia, and Malaysia. 
Activities in the nuclear field in Thailand were introduced in November 1954 when a national 
commission was established to pursue studies and deliberations on atomic energy and to advise the 
Government on Thailand’s entry into the atomic age. Under the Atomic Energy for Peace Act B.E. 
2504 (1961), the Office of Atomic Energy for Peace (OAEP) was established according to section 19 
of the law. Its main duty since establishment is to carry out matters in accordance with the resolution 
of the Thai Atomic Energy Commission for Peace (Thai A.E.C.) and execute other administrative 
affairs. Moreover, the first research reactor, TRR-1, was also built at Chatuchak in Bangkok to 
promote the peaceful uses of nuclear energy and to conduct research. The TRR-1, a pool type reactor, 
was designed and constructed by Curtiss-Wright, U.S.A. and then put into operation in 1962. In 1975, 
the reactor stopped operation and the core was replaced by TRIGA Mark III type of General Atomics, 
U.S.A. The reactor was officially renamed TRR-1/M1 and went critical in 1977. To date, this 2-MW 
reactor has been used for more than 29 years. The main utilization of the TRR-1/M1 is isotope 
production for use of the country. Additionally, a number of research and development tasks, analyses 
and training on nuclear science and technology have been conducted. Accordingly, laws and 
regulations has also been continually developed to assure the safe operation of the research reactor and 
to ensure the safe decommissioning of the facility after its operational life. 

2. Nuclear laws and regulations in Thailand 

2.1. The Thai Atomic Energy for Peace Act 
Nuclear legislation in Thailand is determined mainly by the Atomic Energy for Peace Act. The Act is 
the basic legislation for nuclear activities in Thailand. It was passed and became effective on 26 April 
1961. It provided for the establishment of a Thai regulatory system through the pre-existing Thai 
Atomic Energy Commission for Peace (Thai A.E.C.). Thai A.E.C. was originally established in 1954 
as a policy making body for all matters concerned with the peaceful use of atomic energy in Thailand. 
The 1961 Act broadened the A.E.C.’s authority and responsibilities. Thus from 1961, the AEC has 
been legally empowered to appoint Sub-committees and to establish the Office of Atomic Energy for 
Peace (OAEP), renamed the Office of Atoms for Peace (OAP) after restructuring of government 
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5. Remarks 
The policies and standards play important role in nuclear facility decommissioning. Although some 
decommissioning activities have been finished in China, national policy and strategies in 
decommissioning is still not perfect and should be further reinforced. Some key factors, such as 
decommissioning plan, decommissioning strategy, financial resources and long-term intuitional 
control of decommissioned site, should be stipulated in legal documents. In particular, the system of 
decommissioning plan and decommissioning fund should be established as soon as possible. 

IAEA have established the structure of safety standards on decommissioning and environmental 
remediation, which provide very well basis for developing framework of decommissioning standard in 
China. The authors also make suggestions on framework of technical standard system on 
decommissioning, based on structure of IAEA’s framework and taking the current situation and trend 
in decommissioning into account. 
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Abstract. The Research Reactor, TRR-1 (renamed TRR-1/M1 after core replacement) in Thailand has 

been operated for more than 43 years. This ageing reactor will be facing shutdown in the near future. Laws and 
Regulations have been continually developed to assure the safe operation of nuclear facilities, particularly of the 
research reactor, and to ensure the safe decommissioning of the reactor after its operational life. However, the 
Thai nuclear legislation is still not applicable to a number of areas. Office of Atoms for Peace is working toward 
development of a new consolidated Act. In addition, the licensing steps for modification and decommissioning 
are added to the new Ministerial Regulation and to the new guidance documents on the licensing process for 
research reactors. Regulations, guidance and criteria for approval of decommissioning are being developed using 
the IAEA Safety Standards Series as the main basis for drafting. Human resource development is considered as 
one of the key important factor to ensure safe decommissioning of the installation. Staffing and training of the 
operating organization and the regulatory body personnel have been addressed to ensure the achievement of 
competency level. Simple methods and technologies are the best means for implementation while learning from 
experience of others will help and support us in our attempt to be the ‘second First’. IAEA advice and assistance 
on the decommissioning of nuclear facilities in countries with limited resources is desirable. 

1. Introduction 
Thailand, one of the members of ASEAN, is located in Southeast Asia on the Gulf of Thailand and the 
Andaman Sea. The kingdom shares boundaries with Myanmar, Laos, Cambodia, and Malaysia. 
Activities in the nuclear field in Thailand were introduced in November 1954 when a national 
commission was established to pursue studies and deliberations on atomic energy and to advise the 
Government on Thailand’s entry into the atomic age. Under the Atomic Energy for Peace Act B.E. 
2504 (1961), the Office of Atomic Energy for Peace (OAEP) was established according to section 19 
of the law. Its main duty since establishment is to carry out matters in accordance with the resolution 
of the Thai Atomic Energy Commission for Peace (Thai A.E.C.) and execute other administrative 
affairs. Moreover, the first research reactor, TRR-1, was also built at Chatuchak in Bangkok to 
promote the peaceful uses of nuclear energy and to conduct research. The TRR-1, a pool type reactor, 
was designed and constructed by Curtiss-Wright, U.S.A. and then put into operation in 1962. In 1975, 
the reactor stopped operation and the core was replaced by TRIGA Mark III type of General Atomics, 
U.S.A. The reactor was officially renamed TRR-1/M1 and went critical in 1977. To date, this 2-MW 
reactor has been used for more than 29 years. The main utilization of the TRR-1/M1 is isotope 
production for use of the country. Additionally, a number of research and development tasks, analyses 
and training on nuclear science and technology have been conducted. Accordingly, laws and 
regulations has also been continually developed to assure the safe operation of the research reactor and 
to ensure the safe decommissioning of the facility after its operational life. 

2. Nuclear laws and regulations in Thailand 

2.1. The Thai Atomic Energy for Peace Act 
Nuclear legislation in Thailand is determined mainly by the Atomic Energy for Peace Act. The Act is 
the basic legislation for nuclear activities in Thailand. It was passed and became effective on 26 April 
1961. It provided for the establishment of a Thai regulatory system through the pre-existing Thai 
Atomic Energy Commission for Peace (Thai A.E.C.). Thai A.E.C. was originally established in 1954 
as a policy making body for all matters concerned with the peaceful use of atomic energy in Thailand. 
The 1961 Act broadened the A.E.C.’s authority and responsibilities. Thus from 1961, the AEC has 
been legally empowered to appoint Sub-committees and to establish the Office of Atomic Energy for 
Peace (OAEP), renamed the Office of Atoms for Peace (OAP) after restructuring of government 
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bureaucracy in 2001, as an executive body to implement decisions in accordance with AEC 
resolutions and to carry out other administrative matters. The Prime Minister is the Chairman of the 
Commission and the OAP Secretary General is the Secretary of the Thai AEC. 

2.2. Evolution of laws and regulations 
The 1961 Atomic Energy for Peace Act is the main or first level of Thai nuclear legislation. The Act, 
as a basic law on nuclear energy in Thailand, was drafted at that time at short notice and in very 
general terms in order to cover a variety of unknown future needs without having to make many short 
term legislative changes. Six legally binding Ministerial Regulations represent the second level of Thai 
legislation. The principle laws of Thai nuclear legislation at the beginning of Thailand atomic energy 
age are as follows: 

� Atomic Energy for Peace Act B.E. 2504 issued 25 April 1961 (the Act); and 

� Atomic Energy for Peace Act (No. 2) B.E. 2508 issued 1 November 1965 (Act 2). 

In addition the following Ministerial Regulations were issued by virtue of the Act: 

� Ministerial Regulation No. 1 (B.E. 2504) issued in 1961 about source material; 

� Ministerial Regulation No. 2 (B.E. 2504) issued in 1961 about application for licence of having 
in possession or utilizing special nuclear materials, atomic energy, by-product materials or 
source materials and related conditions to be fulfilled by the licensee; 

� Ministerial Regulation No. 3 (B.E. 2504) issued in 1961 about identity card of the competent 
official; 

� Ministerial Regulation No. 4 (B.E. 2511) issued in 1968 about application for permission to 
produce and utilize X-rays; 

� Ministerial Regulation No. 5 (B.E. 2516) issued in 1973, replaced Ministerial Regulation No. 1 
(B.E. 2504) and stated new concentrations for source material; and 

� Ministerial Regulation No. 6 (B.E. 2517) issued in 1974 about application for permission to 
produce, possess, or utilize atomic energy from an atomic reactor. 

After 2000, a working committee was established to study ways and means to revise the nuclear 
legislation to meet and adequately accommodate international practices. Since the revision of the Act 
would require extensive consideration and time, the committee decides to revise the Ministerial 
Regulation No. 2 as the intermediate step before revision of legislation. The new Ministerial 
Regulation had been drafted and then revised by the Council of States and then was promulgated in 
2003. There are 2 Ministerial Regulations issued in 2003 by virtue of the 1961 Act. These are the main 
regulations for nuclear and radiation safety and nuclear material control.  They are the following: 

� Ministerial Regulation B.E. 2546 issued in 2003 to replace Ministerial Regulations No. 2, No. 4 
and No. 6 in which a subsidiary set of requirements addressing the radiation protection 
obligations of the licensee regarding radioactive sources was included; 

� Ministerial regulation B.E. 2546 for Radioactive Waste Management issued in 2003 to replace 
Ministerial Regulation No. 2, No. 4 and No. 6. 

In brief, the Thai nuclear legislation applies to the production, utilization and possession of: 

� Special nuclear materials, 

� By-product materials or source materials, and 

� Atomic energy. 

The Thai nuclear legislation is not applicable to a number of areas, for example: 

� Construction, commissioning, modifications, decommissioning; 

� Radiation protection; 

� Emergency preparedness; 

� Physical protection; 

� Waste management and transport safety; 

� Liability in respect of nuclear damage; and 

� Implementation of obligations under international treaties, conventions or agreements. 

However, regarding lower tier regulations, a Safety Guide NFSS-35-G1 on the Licensing Process for 
New Research Reactors was endorsed by the Nuclear Facility Safety Sub-committee in March 1995. 
Being based on Ministerial Regulation No. 6, the Safety Guide NFSS-35-G1 determines and directs 
major activities and steps regarding the licensing procedure of the new research reactor. The licensing 
process described in the Guide is broken down into a construction permit, a commissioning permit and 
a final operating licence. 

It should be pointed out that the establishment of the Atomic Energy for Peace Act, which is the basic 
law on nuclear energy in Thailand, in 1961, occurred at a time when it was difficult to extrapolate all 
nuclear energy perspectives, specifically with respect to the implementation of an effective regulatory 
system or process. 

Realizing that the legislation does not provide for effective control of nuclear, radiation, radioactive 
waste and transport safety, as required by international standards, OAP is working toward 
development or drafting of a new consolidated nuclear law/Act. Moreover, the licensing steps for 
modification and decommissioning are added to the new Ministerial Regulation and to the new OAP 
guidance documents on the licensing process for new research reactors. 

2.3. Drafting of new laws and regulations 
The new Atomic Energy for Peace Act should be finished as a final draft by the first quarter of the 
year 2007). The new Atomic Energy for Peace Act will be proposed to the Parliament and will take 
about one year for approval. The new draft of the Ministerial Regulation B.E. 2549 was reviewed and 
approved by the Office of Council of State on 14 July 2006. It will be submitted to the Secretariat of 
Cabinet for approval. The process will take about 2 months. Subsequently, it will take 6 months before 
the new ministerial regulation will become effective and in force. The licensing procedures and all 
guidelines related to nuclear installation should be effective in about 8 months. 

3. Development of criteria for decommissioning of reactor 
The decommissioning process can bear many safety challenges. The process should be well planned 
and arrangements should be made to ensure that sufficient resources will be available when needed. 
Without proper arrangements and related criteria for decommissioning, the shut down facility might 
deteriorate and ultimately can cause a radiological hazard to people in its vicinity from direct exposure 
to radiation or as a result of radioactive material that may be released to the environment. 

In the past, decommissioning of nuclear power plants and research reactors was performed on a case 
by case basis. The same framework of regulations as applied during the operational period of a reactor 
was used. The activities performed this way may not at all lead to the decommissioning of nuclear 
power plants or research reactors in a safe and environmentally acceptable manner. 

Even though the licensee of a research reactor must submit a Safety Analysis Report (SAR) including 
a decommissioning plan as specified in the new Ministerial Regulation, this is not comprehensive 
enough. Bureau of Nuclear Safety regulation (BNSR) of OAP realizes the importance of developing 
decommissioning-oriented laws, regulations, guidelines and particularly approval criteria. The 
documents will be drafted using the IAEA Safety Standards Series, particularly Safety Guide on 
Decommissioning of Nuclear Power Plants and Research Reactors (WS-G-2.1), Safety Guide on 
Decommissioning of Medical, Industrial and Research Facilities (WS-G-2.2) etc. as references. Key 
issues specific to decommissioning that would be included in the documents are: 

� The operating organization of the installation undergoing decommissioning is ultimately 
responsible for the safety of the installation during the decommissioning operations; 
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bureaucracy in 2001, as an executive body to implement decisions in accordance with AEC 
resolutions and to carry out other administrative matters. The Prime Minister is the Chairman of the 
Commission and the OAP Secretary General is the Secretary of the Thai AEC. 

2.2. Evolution of laws and regulations 
The 1961 Atomic Energy for Peace Act is the main or first level of Thai nuclear legislation. The Act, 
as a basic law on nuclear energy in Thailand, was drafted at that time at short notice and in very 
general terms in order to cover a variety of unknown future needs without having to make many short 
term legislative changes. Six legally binding Ministerial Regulations represent the second level of Thai 
legislation. The principle laws of Thai nuclear legislation at the beginning of Thailand atomic energy 
age are as follows: 

� Atomic Energy for Peace Act B.E. 2504 issued 25 April 1961 (the Act); and 

� Atomic Energy for Peace Act (No. 2) B.E. 2508 issued 1 November 1965 (Act 2). 

In addition the following Ministerial Regulations were issued by virtue of the Act: 

� Ministerial Regulation No. 1 (B.E. 2504) issued in 1961 about source material; 

� Ministerial Regulation No. 2 (B.E. 2504) issued in 1961 about application for licence of having 
in possession or utilizing special nuclear materials, atomic energy, by-product materials or 
source materials and related conditions to be fulfilled by the licensee; 

� Ministerial Regulation No. 3 (B.E. 2504) issued in 1961 about identity card of the competent 
official; 

� Ministerial Regulation No. 4 (B.E. 2511) issued in 1968 about application for permission to 
produce and utilize X-rays; 

� Ministerial Regulation No. 5 (B.E. 2516) issued in 1973, replaced Ministerial Regulation No. 1 
(B.E. 2504) and stated new concentrations for source material; and 

� Ministerial Regulation No. 6 (B.E. 2517) issued in 1974 about application for permission to 
produce, possess, or utilize atomic energy from an atomic reactor. 

After 2000, a working committee was established to study ways and means to revise the nuclear 
legislation to meet and adequately accommodate international practices. Since the revision of the Act 
would require extensive consideration and time, the committee decides to revise the Ministerial 
Regulation No. 2 as the intermediate step before revision of legislation. The new Ministerial 
Regulation had been drafted and then revised by the Council of States and then was promulgated in 
2003. There are 2 Ministerial Regulations issued in 2003 by virtue of the 1961 Act. These are the main 
regulations for nuclear and radiation safety and nuclear material control.  They are the following: 

� Ministerial Regulation B.E. 2546 issued in 2003 to replace Ministerial Regulations No. 2, No. 4 
and No. 6 in which a subsidiary set of requirements addressing the radiation protection 
obligations of the licensee regarding radioactive sources was included; 

� Ministerial regulation B.E. 2546 for Radioactive Waste Management issued in 2003 to replace 
Ministerial Regulation No. 2, No. 4 and No. 6. 

In brief, the Thai nuclear legislation applies to the production, utilization and possession of: 

� Special nuclear materials, 

� By-product materials or source materials, and 

� Atomic energy. 

The Thai nuclear legislation is not applicable to a number of areas, for example: 

� Construction, commissioning, modifications, decommissioning; 

� Radiation protection; 

� Emergency preparedness; 

� Physical protection; 

� Waste management and transport safety; 

� Liability in respect of nuclear damage; and 

� Implementation of obligations under international treaties, conventions or agreements. 

However, regarding lower tier regulations, a Safety Guide NFSS-35-G1 on the Licensing Process for 
New Research Reactors was endorsed by the Nuclear Facility Safety Sub-committee in March 1995. 
Being based on Ministerial Regulation No. 6, the Safety Guide NFSS-35-G1 determines and directs 
major activities and steps regarding the licensing procedure of the new research reactor. The licensing 
process described in the Guide is broken down into a construction permit, a commissioning permit and 
a final operating licence. 

It should be pointed out that the establishment of the Atomic Energy for Peace Act, which is the basic 
law on nuclear energy in Thailand, in 1961, occurred at a time when it was difficult to extrapolate all 
nuclear energy perspectives, specifically with respect to the implementation of an effective regulatory 
system or process. 

Realizing that the legislation does not provide for effective control of nuclear, radiation, radioactive 
waste and transport safety, as required by international standards, OAP is working toward 
development or drafting of a new consolidated nuclear law/Act. Moreover, the licensing steps for 
modification and decommissioning are added to the new Ministerial Regulation and to the new OAP 
guidance documents on the licensing process for new research reactors. 

2.3. Drafting of new laws and regulations 
The new Atomic Energy for Peace Act should be finished as a final draft by the first quarter of the 
year 2007). The new Atomic Energy for Peace Act will be proposed to the Parliament and will take 
about one year for approval. The new draft of the Ministerial Regulation B.E. 2549 was reviewed and 
approved by the Office of Council of State on 14 July 2006. It will be submitted to the Secretariat of 
Cabinet for approval. The process will take about 2 months. Subsequently, it will take 6 months before 
the new ministerial regulation will become effective and in force. The licensing procedures and all 
guidelines related to nuclear installation should be effective in about 8 months. 

3. Development of criteria for decommissioning of reactor 
The decommissioning process can bear many safety challenges. The process should be well planned 
and arrangements should be made to ensure that sufficient resources will be available when needed. 
Without proper arrangements and related criteria for decommissioning, the shut down facility might 
deteriorate and ultimately can cause a radiological hazard to people in its vicinity from direct exposure 
to radiation or as a result of radioactive material that may be released to the environment. 

In the past, decommissioning of nuclear power plants and research reactors was performed on a case 
by case basis. The same framework of regulations as applied during the operational period of a reactor 
was used. The activities performed this way may not at all lead to the decommissioning of nuclear 
power plants or research reactors in a safe and environmentally acceptable manner. 

Even though the licensee of a research reactor must submit a Safety Analysis Report (SAR) including 
a decommissioning plan as specified in the new Ministerial Regulation, this is not comprehensive 
enough. Bureau of Nuclear Safety regulation (BNSR) of OAP realizes the importance of developing 
decommissioning-oriented laws, regulations, guidelines and particularly approval criteria. The 
documents will be drafted using the IAEA Safety Standards Series, particularly Safety Guide on 
Decommissioning of Nuclear Power Plants and Research Reactors (WS-G-2.1), Safety Guide on 
Decommissioning of Medical, Industrial and Research Facilities (WS-G-2.2) etc. as references. Key 
issues specific to decommissioning that would be included in the documents are: 

� The operating organization of the installation undergoing decommissioning is ultimately 
responsible for the safety of the installation during the decommissioning operations; 
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� The operating organization should develop a public information programme to provide 
information on the decommissioning project; 

� Radiological criteria for the removal of regulatory controls over the decommissioned 
installations and sites; 

� Ensuring of an adequate system to be in place for properly managing the removal of regulatory 
controls; 

�  A thorough safety assessment of the hazards involved during decommissioning should be 
conducted to define protective measures; 

� The implementation of particular activities such as decontamination, cutting and handling of 
large equipment, and the progressive dismantling or removal of existing safety systems requires 
special attention; 

� Decommissioning can be facilitated by planning and preparatory work undertaken during the 
entire lifetime of the nuclear installation. Planning should start as early as possible; 

� Consideration must be given to the radiation protection of both workers and members of the 
public, not only during the course of decommissioning but also as a result of any subsequent 
occupancy of the decommissioned site; 

� Radiological criteria for removal of regulatory control from material using international safety 
standards; 

� Subject to safety consideration, generation of radioactive waste shall be kept to the minimum 
practicable. 

� Etc.

In addition, these laws, regulations, guidelines and criteria will refer to the decommissioning options, 
means to facilitate decommissioning, planning and safety assessment methods, critical tasks of 
decommissioning and management during decommissioning as mentioned in the above IAEA Safety 
Guides. 

4. Going forward with human resource development to ensure safe decommissioning 
Human resource development is one of the key important factors to ensure safe decommissioning of 
the facility. Appropriate personnel training and qualification should be maintained throughout the 
lifetime of the reactor. The operating organization should have adequate competent staff for 
decommissioning to cover areas such as safety requirements of the licence, radiation protection, 
familiarity with the reactor systems, management system, engineering support, waste management, 
physical protection and project management. In addition, specialized expertise may be necessary in 
other areas such as dismantling and demolition, decontamination, robotics and remote handling and 
fuel handling. Guidelines for staffing and training will be drafted in the new legislation as soon as 
possible. 

For regulatory body, training related to nuclear safety and systematic approach to training (SAT) for 
regulatory staff members was conducted recently. Moreover, three regulatory staff members have been 
trained at the US-NRC. 

Competency of regulatory body was evaluated and self-assessed by BNSR through the workshop on 
training need assessment in August 2005. SAT is planned to be fully implemented in 2007. This will 
ensure the adequate competent regulatory body staff for safe decommissioning of the reactor when 
required.

Training programmes related to job description and competency will also be developed to ensure 
proper skills and the level of competency to be achieved. Basic professional training course for both 
operators and regulatory staff on nuclear safety was conducted in August 2006. 

5. Conclusion 
The research reactor, TRR-1/M1, in Thailand has exceeded 29 years of service life. The pool has been 
in service for more than 43 years. The reactor has been operating for years without decommissioning 
consideration at its design or operation stages. Recently, attention was focused on shut down and 
decommissioning of the reactor. Laws, regulations, criteria and human resources have been gradually 
developed to ensure the safe decommissioning of the reactor.  The aim is to assist the licensee and the 
regulatory body to enhance their capabilities to carry out decommissioning activities, when needed, 
safely and effectively. We realized that “simple is the best” and want to be the ‘second First’ by 
learning from experience of others. As the facility undergoes the effect of aging such as embrittlement 
and deteriorating processes, systems will need to be decontaminated, dismantled and demolished. The 
decommissioning process must be carefully planned and implemented in a safe and economical 
manner. Radioactive wastes are an inevitable legacy of nuclear operations and must be managed 
safely. Decommissioning and management of the radioactive waste cannot proceed without adequate 
funding and such funds should be accumulated during the operating lifetime of the facility. The lack of 
budget or funding can cause substantial delays in the decommissioning process and can also have a 
significant impact on safety during the resolution of the problem. The Agency advice and assistance 
support to Member States on the decommissioning of research reactors, particularly in preparing, 
planning and implementing is desirable and valuable for countries with limited resources facing 
decommissioning. 
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� The operating organization should develop a public information programme to provide 
information on the decommissioning project; 

� Radiological criteria for the removal of regulatory controls over the decommissioned 
installations and sites; 

� Ensuring of an adequate system to be in place for properly managing the removal of regulatory 
controls; 

�  A thorough safety assessment of the hazards involved during decommissioning should be 
conducted to define protective measures; 

� The implementation of particular activities such as decontamination, cutting and handling of 
large equipment, and the progressive dismantling or removal of existing safety systems requires 
special attention; 

� Decommissioning can be facilitated by planning and preparatory work undertaken during the 
entire lifetime of the nuclear installation. Planning should start as early as possible; 

� Consideration must be given to the radiation protection of both workers and members of the 
public, not only during the course of decommissioning but also as a result of any subsequent 
occupancy of the decommissioned site; 

� Radiological criteria for removal of regulatory control from material using international safety 
standards; 

� Subject to safety consideration, generation of radioactive waste shall be kept to the minimum 
practicable. 

� Etc.

In addition, these laws, regulations, guidelines and criteria will refer to the decommissioning options, 
means to facilitate decommissioning, planning and safety assessment methods, critical tasks of 
decommissioning and management during decommissioning as mentioned in the above IAEA Safety 
Guides. 

4. Going forward with human resource development to ensure safe decommissioning 
Human resource development is one of the key important factors to ensure safe decommissioning of 
the facility. Appropriate personnel training and qualification should be maintained throughout the 
lifetime of the reactor. The operating organization should have adequate competent staff for 
decommissioning to cover areas such as safety requirements of the licence, radiation protection, 
familiarity with the reactor systems, management system, engineering support, waste management, 
physical protection and project management. In addition, specialized expertise may be necessary in 
other areas such as dismantling and demolition, decontamination, robotics and remote handling and 
fuel handling. Guidelines for staffing and training will be drafted in the new legislation as soon as 
possible. 

For regulatory body, training related to nuclear safety and systematic approach to training (SAT) for 
regulatory staff members was conducted recently. Moreover, three regulatory staff members have been 
trained at the US-NRC. 

Competency of regulatory body was evaluated and self-assessed by BNSR through the workshop on 
training need assessment in August 2005. SAT is planned to be fully implemented in 2007. This will 
ensure the adequate competent regulatory body staff for safe decommissioning of the reactor when 
required.

Training programmes related to job description and competency will also be developed to ensure 
proper skills and the level of competency to be achieved. Basic professional training course for both 
operators and regulatory staff on nuclear safety was conducted in August 2006. 

5. Conclusion 
The research reactor, TRR-1/M1, in Thailand has exceeded 29 years of service life. The pool has been 
in service for more than 43 years. The reactor has been operating for years without decommissioning 
consideration at its design or operation stages. Recently, attention was focused on shut down and 
decommissioning of the reactor. Laws, regulations, criteria and human resources have been gradually 
developed to ensure the safe decommissioning of the reactor.  The aim is to assist the licensee and the 
regulatory body to enhance their capabilities to carry out decommissioning activities, when needed, 
safely and effectively. We realized that “simple is the best” and want to be the ‘second First’ by 
learning from experience of others. As the facility undergoes the effect of aging such as embrittlement 
and deteriorating processes, systems will need to be decontaminated, dismantled and demolished. The 
decommissioning process must be carefully planned and implemented in a safe and economical 
manner. Radioactive wastes are an inevitable legacy of nuclear operations and must be managed 
safely. Decommissioning and management of the radioactive waste cannot proceed without adequate 
funding and such funds should be accumulated during the operating lifetime of the facility. The lack of 
budget or funding can cause substantial delays in the decommissioning process and can also have a 
significant impact on safety during the resolution of the problem. The Agency advice and assistance 
support to Member States on the decommissioning of research reactors, particularly in preparing, 
planning and implementing is desirable and valuable for countries with limited resources facing 
decommissioning. 
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Canadian Nuclear Safety Commission requirements for decommissioning financial 
guarantees 
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Abstract. Canada’s Nuclear Safety and Control Act of May 2000, (NSCA) established a new Canadian 
nuclear regulator, the Canadian Nuclear Safety Commission (CNSC) and gave it the authority to impose various 
licence conditions, including those requiring financial guarantees. Regulations established under the NSCA 
impose on most facility licensees, a requirement for the early submission of decommissioning plans and 
associated liabilities. Any financial guarantees that may be subsequently required as part of licensing must cover 
the identified decommissioning liabilities. The form and nature of financial guarantees are not prescribed, but 
must be such that the CNSC or its agents can, upon demand, access or direct adequate funds if a licensee is not 
able to fulfil its decommissioning obligations. The Canadian requirements for financial guarantees are being 
gradually implemented on the basis of potential liability. Consequently, major Canadian nuclear licensees have 
prepared decommissioning plans and have submitted acceptable financial guarantees. However, there are a 
number of licensees who have yet to submit proposals for financial guarantees. This includes licensees who have 
yet to meet the obligation placed upon them and those who have not had such a requirement applied to them.  

1. Canadian regulatory framework 
On May 31, 2000 the Canadian Nuclear Safety Commission (CNSC) was established under authority 
of the Nuclear Safety and Control Act (NSCA). The CNSC and NSCA replaced the Atomic Energy 
Control Board which was established under the Atomic Energy Control Act of 1946. 

The NSCA and the supporting regulations represent significant modernization of the nuclear 
regulatory regime in Canada and provide an opportunity to implement the latest scientific knowledge 
in the areas of health, safety, security and environmental protection. The NSCA and its regulations 
provide the CNSC with a robust mandate to regulate nuclear activities in Canada. The regulations also 
add many provisions that were not expressly covered by the former legislation and include a 
requirement for development of preliminary decommissioning plans to support provisions for financial 
guarantees.

Under the NSCA, the CNSC's mandate involves four major areas:  

— Regulation of the development, production and use of nuclear energy in Canada;  

— Regulation of the production, possession, use and transport of nuclear substances, and the 
production, possession and use of prescribed equipment and prescribed information;  

— Implementation of measures respecting international control of the development, production, 
transport and use of nuclear energy and substances, including measures respecting the non-
proliferation of nuclear weapons and nuclear explosive devices; and  

— Dissemination of scientific, technical and regulatory information concerning the activities of the 
CNSC, and the effects on the environment, on the health and safety of persons, of the 
development, production, possession, transport and use of nuclear substances. 

The CNSC is responsible for establishing regulations, setting standards, issuing licenses, verifying 
compliance and communicating with stakeholders. These activities are accomplished by the work of 
two independent entities: a Commission of up to seven members and a staff of about 500 employees. 
The Commission is an independent, quasi-judicial tribunal that makes licensing decisions on nuclear-
related activities in a public forum, while CNSC staff provides support to the Commission, makes 
recommendations about licensing issues and administers the tribunal decisions. The term CNSC refers 
to the agency and staff organization, while Commission refers to the decision making tribunal. 
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Abstract. Canada’s Nuclear Safety and Control Act of May 2000, (NSCA) established a new Canadian 
nuclear regulator, the Canadian Nuclear Safety Commission (CNSC) and gave it the authority to impose various 
licence conditions, including those requiring financial guarantees. Regulations established under the NSCA 
impose on most facility licensees, a requirement for the early submission of decommissioning plans and 
associated liabilities. Any financial guarantees that may be subsequently required as part of licensing must cover 
the identified decommissioning liabilities. The form and nature of financial guarantees are not prescribed, but 
must be such that the CNSC or its agents can, upon demand, access or direct adequate funds if a licensee is not 
able to fulfil its decommissioning obligations. The Canadian requirements for financial guarantees are being 
gradually implemented on the basis of potential liability. Consequently, major Canadian nuclear licensees have 
prepared decommissioning plans and have submitted acceptable financial guarantees. However, there are a 
number of licensees who have yet to submit proposals for financial guarantees. This includes licensees who have 
yet to meet the obligation placed upon them and those who have not had such a requirement applied to them.  

1. Canadian regulatory framework 
On May 31, 2000 the Canadian Nuclear Safety Commission (CNSC) was established under authority 
of the Nuclear Safety and Control Act (NSCA). The CNSC and NSCA replaced the Atomic Energy 
Control Board which was established under the Atomic Energy Control Act of 1946. 

The NSCA and the supporting regulations represent significant modernization of the nuclear 
regulatory regime in Canada and provide an opportunity to implement the latest scientific knowledge 
in the areas of health, safety, security and environmental protection. The NSCA and its regulations 
provide the CNSC with a robust mandate to regulate nuclear activities in Canada. The regulations also 
add many provisions that were not expressly covered by the former legislation and include a 
requirement for development of preliminary decommissioning plans to support provisions for financial 
guarantees.

Under the NSCA, the CNSC's mandate involves four major areas:  

— Regulation of the development, production and use of nuclear energy in Canada;  

— Regulation of the production, possession, use and transport of nuclear substances, and the 
production, possession and use of prescribed equipment and prescribed information;  

— Implementation of measures respecting international control of the development, production, 
transport and use of nuclear energy and substances, including measures respecting the non-
proliferation of nuclear weapons and nuclear explosive devices; and  

— Dissemination of scientific, technical and regulatory information concerning the activities of the 
CNSC, and the effects on the environment, on the health and safety of persons, of the 
development, production, possession, transport and use of nuclear substances. 

The CNSC is responsible for establishing regulations, setting standards, issuing licenses, verifying 
compliance and communicating with stakeholders. These activities are accomplished by the work of 
two independent entities: a Commission of up to seven members and a staff of about 500 employees. 
The Commission is an independent, quasi-judicial tribunal that makes licensing decisions on nuclear-
related activities in a public forum, while CNSC staff provides support to the Commission, makes 
recommendations about licensing issues and administers the tribunal decisions. The term CNSC refers 
to the agency and staff organization, while Commission refers to the decision making tribunal. 
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As the federal nuclear regulator, the CNSC implements licensing decisions made by the Commission
or it's designates, and monitors licensees to ensure that they comply with safety requirements that 
protect workers, the public, and the environment and uphold Canada’s international commitments on 
the peaceful use of nuclear energy.  

1.1 Decommissioning planning 
With the coming in force of the NSCA, regulations1 were created which required applicants to submit 
proposals for decommissioning of specified nuclear facilities: the Class I Nuclear Facilities 
Regulations2, the Class II Nuclear Facilities and Prescribed Equipment Regulations3 and the Uranium 
Mines and Mills Regulations.

To elaborate on the intent and scope of this requirement, the CNSC has issued Regulatory Guide G-
219 Decommissioning Planning for Licensed Activities. It defines decommissioning as "those actions 
taken, in the interest of health, safety, security and protection of the environment, to retire a licensed 
activity/facility permanently from service and render it to a predetermined end-state condition".

Several references exist in the regulations in relation to the requirement for decommissioning 
planning. The Class I Nuclear Facilities Regulations requires that any application for a Class I nuclear 
facility licence (other than a licence to abandon) must include a decommissioning plan. The Uranium 
Mines and Mills Regulations provides a similar requirement for uranium mines and mills and the 
Class II Nuclear Facilities and Prescribed Equipment Regulations places a requirement for 
decommissioning plans for construction and operating licences for Class II nuclear facilities. 

The Nuclear Substances and Radiation Devices Regulations apply for smaller licensed activities, 
while there is no requirement for decommissioning plans in these regulations, they do require licensees 
to submit information on the methods, procedures and equipment needed to decontaminate the site or 
equipment. The Commission has the authority to require a decommissioning plan, or any other 
provision related to the purposes of the Act, through licence conditions, under authority of sub-section 
24(5) of the NSCA.

1.2. Financial guarantees  
The NSCA or its regulations don’t specifically define what constitutes a financial guarantee. This 
definition can be found in CNSC Regulatory Guide G-206, Financial Guarantees for the 
Decommissioning of Licensed Activities, which states that a financial guarantee is: the establishment 
and maintenance of a financial arrangement that will assure adequate funding of the decommissioning 
program. Consequently, a facility’s financial guarantee is directly tied to the existence of a 

1 Regulations include: General Nuclear Safety and Control Regulations, Radiation Protection Regulations, Class 
I Nuclear Facilities Regulations, Class II Nuclear Facilities and Prescribed Equipment Regulations, Uranium 
Mines and Mills Regulations, Nuclear Substances and Radiation Devices Regulations, Packaging and Transport 
of Nuclear Substances Regulations, Nuclear Security Regulations, Nuclear Non-Proliferation Import and Export 
Control Regulations. 

2 Class I nuclear facility means: a nuclear fission or fusion reactor or subcritical nuclear assembly; a vehicle that 
is equipped with a nuclear reactor, a particle accelerator with a beam energy equal to or greater than 50 MeV, a 
plant for the processing, reprocessing or separation of an isotope of uranium, thorium or plutonium, a plant for 
the manufacture of a product from uranium, thorium or plutonium, a plant for the processing or use, in a quantity 
greater than 1015 Bq per calendar year, of nuclear substances other than uranium, thorium or plutonium, a facility 
for the disposal of a nuclear substance generated at another nuclear facility, a facility for the management, 
storage or disposal of waste containing radioactive nuclear substances at which the resident inventory of 
radioactive nuclear substances contained in the waste is 1015 Bq or more and a plant for the production of 
deuterium or deuterium compounds using hydrogen sulphide. 

3 "Class II nuclear facility" means: a particle accelerator with a beam energy of less than 50 MeV capable of 
producing nuclear energy, an irradiator that uses more than 1015 Bq of a nuclear substance, an irradiator that 
requires shielding which is not part of the irradiator and that can deliver radiation at a dose rate exceeding 1 
centigray per minute at 1 m, a radioactive source teletherapy machine, or a brachytherapy machine. 

preliminary decommissioning plan4  and this determines the value of the financial guarantee that 
should be provided. 

1.3. Guidance documents 
Regulatory Guide G-219 covers all licences, although its application is primarily intended to apply to 
nuclear facilities and uranium mines and mills. It provides: 

— Guidance on how to meet the requirements of the regulations for preliminary and detailed 
decommissioning plans;  

— Describes CNSC expectations for preliminary and detailed decommissioning plans; 

— Provides suggestions on decommissioning planning and reporting; and  

— Sets out cost estimating information to support financial guarantee assessments and decision-
making. 

Regulatory Guide G-206 is applicable to any activity for which a licence may contain a condition on 
financial guarantees. Its purpose is to provide independent assurance that entire decommissioning 
liability is funded. It provides: 

— An explicit link to decommissioning plans for cost estimates; 

— Confirmation that the cost of management of all wastes associated with the licensed activity and 
its decommissioning must be included in the financial guarantee; 

— Criteria for financial guarantees: liquidity, certainty of value, adequacy of value and continuity; 

— That cost calculations must assume work conducted by external qualified contractors; and 

— Allows as an acceptable form of guarantee, expressed commitments from federal or provincial 
governments to assume the decommissioning liability predicted by a decommissioning plan 
accepted by the CNSC. 

2. Federal government policy 
A Government Policy Framework on Radioactive Waste was issued in Canada in 1995. It states that 
"Waste producers and owners are responsible for funding, organization, management and operation 
of disposal and other waste management facilities". By virtue of this policy and other legislation 
including the Nuclear Liability Act, NLA and the Nuclear Fuel Waste Act, NFW, efforts have been 
made to limit the liability to the public to nuclear industry operations. 

The CNSC is responsible for administering the implementation of the NLA. In this role it designates 
nuclear installations that are subject to the NLA, it determines who the operator of the nuclear 
installation is by issuing a licence in accordance with the NSCA, and it determines the amount of basic 
insurance with the approval of the federal Treasury Board. 

The NFW Act came into force November 15, 2002 with a goal of establishing a framework for the 
long-term management of nuclear fuel waste in a comprehensive, economically sound and integrated 
manner. This legislation complements the NSCA which oversees the health, safety, environment and 
security aspects of the long-term management of nuclear fuel waste. 

3. Implementation of financial guarantees 
The issue of requiring financial guarantees for licensees in the nuclear industry first arose in the early 
1990s, with liabilities for environmental remediation that arose in the uranium mining industry. This 
situation resulted eventually in a requirement for financial guarantees for decommissioning costs being 
incorporated in the Uranium and Thorium Mining Regulations under the Atomic Energy Control Act.

4 Since the financial guarantee is usually associated with a construction or operating licence, this plan is referred 
to as a preliminary (or conceptual) decommissioning plan, to distinguish it from the detailed decommissioning 
plan required to support a decommissioning licence. 
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As the federal nuclear regulator, the CNSC implements licensing decisions made by the Commission
or it's designates, and monitors licensees to ensure that they comply with safety requirements that 
protect workers, the public, and the environment and uphold Canada’s international commitments on 
the peaceful use of nuclear energy.  

1.1 Decommissioning planning 
With the coming in force of the NSCA, regulations1 were created which required applicants to submit 
proposals for decommissioning of specified nuclear facilities: the Class I Nuclear Facilities 
Regulations2, the Class II Nuclear Facilities and Prescribed Equipment Regulations3 and the Uranium 
Mines and Mills Regulations.

To elaborate on the intent and scope of this requirement, the CNSC has issued Regulatory Guide G-
219 Decommissioning Planning for Licensed Activities. It defines decommissioning as "those actions 
taken, in the interest of health, safety, security and protection of the environment, to retire a licensed 
activity/facility permanently from service and render it to a predetermined end-state condition".

Several references exist in the regulations in relation to the requirement for decommissioning 
planning. The Class I Nuclear Facilities Regulations requires that any application for a Class I nuclear 
facility licence (other than a licence to abandon) must include a decommissioning plan. The Uranium 
Mines and Mills Regulations provides a similar requirement for uranium mines and mills and the 
Class II Nuclear Facilities and Prescribed Equipment Regulations places a requirement for 
decommissioning plans for construction and operating licences for Class II nuclear facilities. 

The Nuclear Substances and Radiation Devices Regulations apply for smaller licensed activities, 
while there is no requirement for decommissioning plans in these regulations, they do require licensees 
to submit information on the methods, procedures and equipment needed to decontaminate the site or 
equipment. The Commission has the authority to require a decommissioning plan, or any other 
provision related to the purposes of the Act, through licence conditions, under authority of sub-section 
24(5) of the NSCA.

1.2. Financial guarantees  
The NSCA or its regulations don’t specifically define what constitutes a financial guarantee. This 
definition can be found in CNSC Regulatory Guide G-206, Financial Guarantees for the 
Decommissioning of Licensed Activities, which states that a financial guarantee is: the establishment 
and maintenance of a financial arrangement that will assure adequate funding of the decommissioning 
program. Consequently, a facility’s financial guarantee is directly tied to the existence of a 

1 Regulations include: General Nuclear Safety and Control Regulations, Radiation Protection Regulations, Class 
I Nuclear Facilities Regulations, Class II Nuclear Facilities and Prescribed Equipment Regulations, Uranium 
Mines and Mills Regulations, Nuclear Substances and Radiation Devices Regulations, Packaging and Transport 
of Nuclear Substances Regulations, Nuclear Security Regulations, Nuclear Non-Proliferation Import and Export 
Control Regulations. 

2 Class I nuclear facility means: a nuclear fission or fusion reactor or subcritical nuclear assembly; a vehicle that 
is equipped with a nuclear reactor, a particle accelerator with a beam energy equal to or greater than 50 MeV, a 
plant for the processing, reprocessing or separation of an isotope of uranium, thorium or plutonium, a plant for 
the manufacture of a product from uranium, thorium or plutonium, a plant for the processing or use, in a quantity 
greater than 1015 Bq per calendar year, of nuclear substances other than uranium, thorium or plutonium, a facility 
for the disposal of a nuclear substance generated at another nuclear facility, a facility for the management, 
storage or disposal of waste containing radioactive nuclear substances at which the resident inventory of 
radioactive nuclear substances contained in the waste is 1015 Bq or more and a plant for the production of 
deuterium or deuterium compounds using hydrogen sulphide. 

3 "Class II nuclear facility" means: a particle accelerator with a beam energy of less than 50 MeV capable of 
producing nuclear energy, an irradiator that uses more than 1015 Bq of a nuclear substance, an irradiator that 
requires shielding which is not part of the irradiator and that can deliver radiation at a dose rate exceeding 1 
centigray per minute at 1 m, a radioactive source teletherapy machine, or a brachytherapy machine. 

preliminary decommissioning plan4  and this determines the value of the financial guarantee that 
should be provided. 

1.3. Guidance documents 
Regulatory Guide G-219 covers all licences, although its application is primarily intended to apply to 
nuclear facilities and uranium mines and mills. It provides: 

— Guidance on how to meet the requirements of the regulations for preliminary and detailed 
decommissioning plans;  

— Describes CNSC expectations for preliminary and detailed decommissioning plans; 

— Provides suggestions on decommissioning planning and reporting; and  

— Sets out cost estimating information to support financial guarantee assessments and decision-
making. 

Regulatory Guide G-206 is applicable to any activity for which a licence may contain a condition on 
financial guarantees. Its purpose is to provide independent assurance that entire decommissioning 
liability is funded. It provides: 

— An explicit link to decommissioning plans for cost estimates; 

— Confirmation that the cost of management of all wastes associated with the licensed activity and 
its decommissioning must be included in the financial guarantee; 

— Criteria for financial guarantees: liquidity, certainty of value, adequacy of value and continuity; 

— That cost calculations must assume work conducted by external qualified contractors; and 

— Allows as an acceptable form of guarantee, expressed commitments from federal or provincial 
governments to assume the decommissioning liability predicted by a decommissioning plan 
accepted by the CNSC. 

2. Federal government policy 
A Government Policy Framework on Radioactive Waste was issued in Canada in 1995. It states that 
"Waste producers and owners are responsible for funding, organization, management and operation 
of disposal and other waste management facilities". By virtue of this policy and other legislation 
including the Nuclear Liability Act, NLA and the Nuclear Fuel Waste Act, NFW, efforts have been 
made to limit the liability to the public to nuclear industry operations. 

The CNSC is responsible for administering the implementation of the NLA. In this role it designates 
nuclear installations that are subject to the NLA, it determines who the operator of the nuclear 
installation is by issuing a licence in accordance with the NSCA, and it determines the amount of basic 
insurance with the approval of the federal Treasury Board. 

The NFW Act came into force November 15, 2002 with a goal of establishing a framework for the 
long-term management of nuclear fuel waste in a comprehensive, economically sound and integrated 
manner. This legislation complements the NSCA which oversees the health, safety, environment and 
security aspects of the long-term management of nuclear fuel waste. 

3. Implementation of financial guarantees 
The issue of requiring financial guarantees for licensees in the nuclear industry first arose in the early 
1990s, with liabilities for environmental remediation that arose in the uranium mining industry. This 
situation resulted eventually in a requirement for financial guarantees for decommissioning costs being 
incorporated in the Uranium and Thorium Mining Regulations under the Atomic Energy Control Act.

4 Since the financial guarantee is usually associated with a construction or operating licence, this plan is referred 
to as a preliminary (or conceptual) decommissioning plan, to distinguish it from the detailed decommissioning 
plan required to support a decommissioning licence. 
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When the NSCA came in force, the requirement for decommissioning financial guarantees was 
removed from the regulations and replaced with the power given in the Act to require a financial 
guarantee from any licensee. The decommissioning plans from applicants of construction and 
operating licences was replaced with requirements in the regulations to supply these plans. The CNSC 
embarked on a program to impose financial guarantees for decommissioning of all major nuclear 
facilities, including uranium mines and mills, uranium processing facilities, nuclear power reactors, 
research reactors, isotope processing facilities and waste management facilities.  

Currently, financial guarantees have been applied to these major facility types although complete 
decommissioning costs may not be fully implemented in some situations, and in a few cases financial 
constraints associated with certain licensees have precluded them from implementing acceptable 
financial guarantees. All of this is subject to periodic review and re-acceptance as part of the re-
licensing process. 

A program covering the smaller licensees has not been completely developed. Small facilities could 
have significant decommissioning costs representing a potential liability to the public. The need for a 
financial guarantee must be considered in relation to the risks of a potential financial default. 

3.1  Current status 
The types of acceptable financial guarantees are set out in CNSC Regulatory Guide G-206 and 
include: 

Cash Funds: these could include cash (in the form of trust funds), certified cheques, bearer bonds 
and guaranteed investment certificates. The implementation of this type of guarantee also requires 
that a trust fund access agreement between the licensee and the CNSC be developed. 

Letters of Credit: these are agreements between financial institutions and licensees for specified 
sums that can be paid on demand to a third party should a triggering event occur, such as a 
licensee defaulting on its decommissioning obligations. 

Bonds: these include surety bonds, performance bonds, labour, maintenance bonds and others 
which are common in the construction industry. 

Insurance: these include insurance policies provided that they meet specified acceptance criteria. 

Expressed Commitments from a Government: expressed commitments from a federal or 
provincial government to cover any unfunded aspects of decommissioning are acceptable as a 
form of financial guarantee. 

Licensees in Canada have committed over $8.8 billion in financial guarantees. Presently the 
mechanisms used consist of: cash funds (in the form of trust funds), letters of credit and expressed 
commitments from a government. ($8.8 billion value does not represent the decommissioning cost 
liabilities for these licensees, only the funds that have been specifically guaranteed.) 

In addition, there may be several types of guarantee mechanisms that are applied to one facility. For 
example, a licensee may have a letter of credit for a specified value, and an expressed commitment 
from a federal or provincial government to cover any aspects of decommissioning that may be 
unfunded by the guarantee. 

The potential beneficiary can also vary. For example, in most cases it is the CNSC, however for 
uranium mines in Saskatchewan, the potential beneficiary is the provincial government. 

Table 1 lists of nuclear sectors and value and type of guarantee. All funds are expressed in Canadian 
dollars at the time that the guarantee was accepted. 

Table 1: Current Financial Guarantees in Canada5

Sector Value Types of Guarantees 

Operational Uranium 
Mines and Mills 

$97.1 Million Letters of credit 

(payable to the Government of Saskatchewan) 

Closed Uranium Mines 
and Mills/Legacy Sites 

$82.1 Million Letters of credit + Gov't Commitments, 

Trust Funds + Gov't Commitments, Letters of Credit, 

Gov't Commitments 

Nuclear Power Plants $8.492 Billion Trust Funds + Gov't Commitments 

Fuel Fabrication Facilities $84.7 Million Letters of credits 

Research Reactors $17.5 Million Trust Funds, 

Letters of credit + Trust Funds, Bonds 

Gov't Commitments 

Research/Production 
Facilities 

$57.1 Million Letters of credit 

Gov't Commitments 

Total $8,830,000,000 

3.2. Partial implementation 
The most common type of financial guarantee submitted by CNSC licensees is a letter of credit. This 
form of guarantee does not require licensees to set aside significant funds in a segregated account, but 
there are also downsides to this approach. A letter of credit is costly (it is much like an insurance 
policy in that a portion of the value of the letter of credit is payable to the financial institution for 
providing the guarantee, and the cost of the guarantee is a net operating loss to the licensee.) In 
addition, applicants for letters of credit must have sufficient covering assets before a financial 
institution will issue this type of instrument. 

For other licensees, trust fund accounts have been the instrument of choice. The funds in this type of 
guarantee are not lost to the applicant, in that if they are not collected by the beneficiary, provisions in 
the NSCA, paragraph 24 (7) allow for the return of unneeded funds: 

24. (7) The Commission shall grant to any person who provided a financial guarantee 
under subsection (5) a refund of any of the proceeds of the guarantee that have not 
been spent and may give the person, in addition to the refund, interest …” 

As some licensees utilizing trust fund mechanisms have been allowed to accumulate their funds over a 
limited period of time up to the full required value. The accepted implementation period, must balance 
public risk and the licensee's financial ability to populate the fund. In some cases, federal and 
provincial governments have provided expressed commitments providing interim surety while the 
financial provisions are established. 

3.3. Guarantees not yet imposed 
There are several types of licences where financial guarantees have yet to be imposed by the CNSC. 

Class II Facilities 

Most of the facilities licensed under the under the Class II Nuclear Facilities and Prescribed 
Equipment Regulations (particle accelerators, large irradiators, and medical therapy devices) do not 
have associated financial guarantees. Approximately ninety-five percent of these facilities are 

5 Note: All financial guarantees have the beneficiary as the Canadian Nuclear Safety Commission, except as  
noted. 
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When the NSCA came in force, the requirement for decommissioning financial guarantees was 
removed from the regulations and replaced with the power given in the Act to require a financial 
guarantee from any licensee. The decommissioning plans from applicants of construction and 
operating licences was replaced with requirements in the regulations to supply these plans. The CNSC 
embarked on a program to impose financial guarantees for decommissioning of all major nuclear 
facilities, including uranium mines and mills, uranium processing facilities, nuclear power reactors, 
research reactors, isotope processing facilities and waste management facilities.  

Currently, financial guarantees have been applied to these major facility types although complete 
decommissioning costs may not be fully implemented in some situations, and in a few cases financial 
constraints associated with certain licensees have precluded them from implementing acceptable 
financial guarantees. All of this is subject to periodic review and re-acceptance as part of the re-
licensing process. 

A program covering the smaller licensees has not been completely developed. Small facilities could 
have significant decommissioning costs representing a potential liability to the public. The need for a 
financial guarantee must be considered in relation to the risks of a potential financial default. 

3.1  Current status 
The types of acceptable financial guarantees are set out in CNSC Regulatory Guide G-206 and 
include: 

Cash Funds: these could include cash (in the form of trust funds), certified cheques, bearer bonds 
and guaranteed investment certificates. The implementation of this type of guarantee also requires 
that a trust fund access agreement between the licensee and the CNSC be developed. 

Letters of Credit: these are agreements between financial institutions and licensees for specified 
sums that can be paid on demand to a third party should a triggering event occur, such as a 
licensee defaulting on its decommissioning obligations. 

Bonds: these include surety bonds, performance bonds, labour, maintenance bonds and others 
which are common in the construction industry. 

Insurance: these include insurance policies provided that they meet specified acceptance criteria. 

Expressed Commitments from a Government: expressed commitments from a federal or 
provincial government to cover any unfunded aspects of decommissioning are acceptable as a 
form of financial guarantee. 

Licensees in Canada have committed over $8.8 billion in financial guarantees. Presently the 
mechanisms used consist of: cash funds (in the form of trust funds), letters of credit and expressed 
commitments from a government. ($8.8 billion value does not represent the decommissioning cost 
liabilities for these licensees, only the funds that have been specifically guaranteed.) 

In addition, there may be several types of guarantee mechanisms that are applied to one facility. For 
example, a licensee may have a letter of credit for a specified value, and an expressed commitment 
from a federal or provincial government to cover any aspects of decommissioning that may be 
unfunded by the guarantee. 

The potential beneficiary can also vary. For example, in most cases it is the CNSC, however for 
uranium mines in Saskatchewan, the potential beneficiary is the provincial government. 

Table 1 lists of nuclear sectors and value and type of guarantee. All funds are expressed in Canadian 
dollars at the time that the guarantee was accepted. 

Table 1: Current Financial Guarantees in Canada5

Sector Value Types of Guarantees 

Operational Uranium 
Mines and Mills 

$97.1 Million Letters of credit 

(payable to the Government of Saskatchewan) 

Closed Uranium Mines 
and Mills/Legacy Sites 

$82.1 Million Letters of credit + Gov't Commitments, 

Trust Funds + Gov't Commitments, Letters of Credit, 

Gov't Commitments 

Nuclear Power Plants $8.492 Billion Trust Funds + Gov't Commitments 

Fuel Fabrication Facilities $84.7 Million Letters of credits 

Research Reactors $17.5 Million Trust Funds, 

Letters of credit + Trust Funds, Bonds 

Gov't Commitments 

Research/Production 
Facilities 

$57.1 Million Letters of credit 

Gov't Commitments 

Total $8,830,000,000 

3.2. Partial implementation 
The most common type of financial guarantee submitted by CNSC licensees is a letter of credit. This 
form of guarantee does not require licensees to set aside significant funds in a segregated account, but 
there are also downsides to this approach. A letter of credit is costly (it is much like an insurance 
policy in that a portion of the value of the letter of credit is payable to the financial institution for 
providing the guarantee, and the cost of the guarantee is a net operating loss to the licensee.) In 
addition, applicants for letters of credit must have sufficient covering assets before a financial 
institution will issue this type of instrument. 

For other licensees, trust fund accounts have been the instrument of choice. The funds in this type of 
guarantee are not lost to the applicant, in that if they are not collected by the beneficiary, provisions in 
the NSCA, paragraph 24 (7) allow for the return of unneeded funds: 

24. (7) The Commission shall grant to any person who provided a financial guarantee 
under subsection (5) a refund of any of the proceeds of the guarantee that have not 
been spent and may give the person, in addition to the refund, interest …” 

As some licensees utilizing trust fund mechanisms have been allowed to accumulate their funds over a 
limited period of time up to the full required value. The accepted implementation period, must balance 
public risk and the licensee's financial ability to populate the fund. In some cases, federal and 
provincial governments have provided expressed commitments providing interim surety while the 
financial provisions are established. 

3.3. Guarantees not yet imposed 
There are several types of licences where financial guarantees have yet to be imposed by the CNSC. 

Class II Facilities 

Most of the facilities licensed under the under the Class II Nuclear Facilities and Prescribed 
Equipment Regulations (particle accelerators, large irradiators, and medical therapy devices) do not 
have associated financial guarantees. Approximately ninety-five percent of these facilities are 

5 Note: All financial guarantees have the beneficiary as the Canadian Nuclear Safety Commission, except as  
noted. 
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university affiliated cancer clinics that produce nuclear energy, but which do not create activation 
products. Consequently, decommissioning does not involve nuclear substances or decontamination 
activities. The Class II Nuclear Facilities and Prescribed Equipment Regulations do require that a 
preliminary decommissioning plan be prepared for these types of facilities. As this industry evolves 
the need for a financial guarantee for these types of facilities may have to be reconsidered. 

Radioisotope and radiation device licensees 

This group includes the majority of licences issued by the CNSC and includes smaller radioactive 
waste management facilities, medical, industrial and academic laboratories, and sealed radioactive 
sources. While there is no requirement for filing a decommissioning plan for these facilities/licensees, 
any similar issues arising with respect to the financial risk and financial capability, may give rise to 
additional requirements. 

With respect to sealed radioactive sources, there has been increasing attention placed world-wide on 
assuring their safety and security. Article 22(b) of the International Atomic Energy Agency’s (IAEA) 
Code of Conduct on the Safety and Security of Radioactive Sources states: 

“22. Every State should ensure that its regulatory body: 

(b) ensures that arrangements are made for the safe management and secure protection of 
radioactive sources, including financial provisions where appropriate, once they have 
become disused;” 

Currently, there are no financial guarantees in place in Canada covering sealed source licensees. 
However, Canada addresses the risks of its national inventory of high-risk radioactive sealed sources, 
through it’s the National Sealed Source Registry (NSSR) and the newly created add-on, the Sealed 
Source Tracking System (SSTS). The NSSR helps the CNSC track the locations of all high-risk 
radioactive sealed sources in Canada and assures the security and safety of those sources. The SSTS 
provides licensees with a more convenient and efficient way to report any movement of sealed 
sources. This initiative complies with the IAEA's Code of Conduct on the Safety and Security of 
Radioactive Sources which aims to enhance the safety and security of radioactive sources 
internationally.  

4. Development of a formal regulatory policy on financial guarantees 
Work continues on the creation of a top tier policy document on financial guarantees. Several factors 
are being considered, including the scope of activities to be covered and implementation requirements. 
As part of the policy work, CNSC staff is evaluating various mechanisms for implementing 
requirements for financial guarantees. These could include phased approaches, provisions for safe 
states of closure, surety bonds and others and would supplement or enhance current practices. 

It is expected that the present practice of requiring financial guarantees for Class I facilities 
(Operational Uranium Mines and Mills, closed Uranium Mines and Mills/Legacy Sites, Nuclear Power 
Plants, Fuel Fabrication Facilities, Research Reactors and Research/Production Facilities), will remain 
unchanged. 

The majority of class II facilities do not require decontamination of nuclear substances (i.e. activation 
products) and so would appear to incur no future decommissioning liabilities, beyond the removal of 
structures, which would be a commercial and not a regulatory consideration. Financial guarantee 
requirements appropriate to radioisotope and radiation device, sealed radioactive source and other such 
licensees, are still under discussion. 

5. Summary 
The Canadian approach to financial guarantees, for activities in the nuclear industry, is somewhat 
unique in that most of the guarantees are required up front as part of applications for licensing. 
Furthermore, the need for a guarantee is determined on a case by case basis, by the regulatory agency, 
under the authority of Federal legislation. The Commission has the sole authority to determine the 
need for, and the implementation of any financial guarantee requirements recommended by CNSC 
staff. The present guidance for financial guarantees considers only the size of the potential liability. So 
while, all major licensees have financial guarantee provision in place, this is not the case for all 
smaller licensees. Consequently, the Canadian nuclear regulator, the CNSC, is addressing this gap and 
continues to enhance its requirements for financial guarantees. A new policy is now being prepared 
which will provide added considerations covering existing financial guarantees, as well as clearer 
expectations regarding guarantees for licensees and facilities presently not being covered. 
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university affiliated cancer clinics that produce nuclear energy, but which do not create activation 
products. Consequently, decommissioning does not involve nuclear substances or decontamination 
activities. The Class II Nuclear Facilities and Prescribed Equipment Regulations do require that a 
preliminary decommissioning plan be prepared for these types of facilities. As this industry evolves 
the need for a financial guarantee for these types of facilities may have to be reconsidered. 

Radioisotope and radiation device licensees 

This group includes the majority of licences issued by the CNSC and includes smaller radioactive 
waste management facilities, medical, industrial and academic laboratories, and sealed radioactive 
sources. While there is no requirement for filing a decommissioning plan for these facilities/licensees, 
any similar issues arising with respect to the financial risk and financial capability, may give rise to 
additional requirements. 

With respect to sealed radioactive sources, there has been increasing attention placed world-wide on 
assuring their safety and security. Article 22(b) of the International Atomic Energy Agency’s (IAEA) 
Code of Conduct on the Safety and Security of Radioactive Sources states: 

“22. Every State should ensure that its regulatory body: 

(b) ensures that arrangements are made for the safe management and secure protection of 
radioactive sources, including financial provisions where appropriate, once they have 
become disused;” 

Currently, there are no financial guarantees in place in Canada covering sealed source licensees. 
However, Canada addresses the risks of its national inventory of high-risk radioactive sealed sources, 
through it’s the National Sealed Source Registry (NSSR) and the newly created add-on, the Sealed 
Source Tracking System (SSTS). The NSSR helps the CNSC track the locations of all high-risk 
radioactive sealed sources in Canada and assures the security and safety of those sources. The SSTS 
provides licensees with a more convenient and efficient way to report any movement of sealed 
sources. This initiative complies with the IAEA's Code of Conduct on the Safety and Security of 
Radioactive Sources which aims to enhance the safety and security of radioactive sources 
internationally.  

4. Development of a formal regulatory policy on financial guarantees 
Work continues on the creation of a top tier policy document on financial guarantees. Several factors 
are being considered, including the scope of activities to be covered and implementation requirements. 
As part of the policy work, CNSC staff is evaluating various mechanisms for implementing 
requirements for financial guarantees. These could include phased approaches, provisions for safe 
states of closure, surety bonds and others and would supplement or enhance current practices. 

It is expected that the present practice of requiring financial guarantees for Class I facilities 
(Operational Uranium Mines and Mills, closed Uranium Mines and Mills/Legacy Sites, Nuclear Power 
Plants, Fuel Fabrication Facilities, Research Reactors and Research/Production Facilities), will remain 
unchanged. 

The majority of class II facilities do not require decontamination of nuclear substances (i.e. activation 
products) and so would appear to incur no future decommissioning liabilities, beyond the removal of 
structures, which would be a commercial and not a regulatory consideration. Financial guarantee 
requirements appropriate to radioisotope and radiation device, sealed radioactive source and other such 
licensees, are still under discussion. 

5. Summary 
The Canadian approach to financial guarantees, for activities in the nuclear industry, is somewhat 
unique in that most of the guarantees are required up front as part of applications for licensing. 
Furthermore, the need for a guarantee is determined on a case by case basis, by the regulatory agency, 
under the authority of Federal legislation. The Commission has the sole authority to determine the 
need for, and the implementation of any financial guarantee requirements recommended by CNSC 
staff. The present guidance for financial guarantees considers only the size of the potential liability. So 
while, all major licensees have financial guarantee provision in place, this is not the case for all 
smaller licensees. Consequently, the Canadian nuclear regulator, the CNSC, is addressing this gap and 
continues to enhance its requirements for financial guarantees. A new policy is now being prepared 
which will provide added considerations covering existing financial guarantees, as well as clearer 
expectations regarding guarantees for licensees and facilities presently not being covered. 
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Radiological surveys during refurbishing and data collection for future 
decommissioning of Cirus research reactor 
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India

Abstract. CIRUS is a 40 MW (th) research reactor with maximum neutron flux of 6.5 x 1013

neutron/cm2/sec and is located at the Bhabha Atomic Research Centre, Mumbai, India. The reactor was 
commissioned in 1960 and has operated successfully for over 37 years. The reactor was shut down in October 
1997 for refurbishment activities on various reactor system and structural components after approval from safety 
authorities. The radiological data obtained during refurbishing activities act as the primary input for making a 
detailed decommissioning plan of the Cirus reactor. The activity content, radiation field and the quantity of 
waste that will be generated can be estimated, which will help in planning decommissioning waste disposal 
requirements. Also collective dose budgeting can be developed based on the radiation field, air activity data and 
dose exposure pattern observed during refurbishing. 

1. Introduction 
CIRUS is 40 MW (Thermal) uranium metal fuelled, heavy water moderated and light water cooled 
vertical tank type research reactor and operated successfully for nearly four decades. Since late 80s 
reactor systems showed various signs of ageing and reactor availability factor declined gradually there 
after, reactor was brought to shut down condition to carry out major refurbishing jobs on various 
systems and structural components. The radiological data generated during refurbishing of the 
research reactor will be useful in preparing an optimum safe decommissioning plan for future 
decommissioning of CIRUS reactor. 

2. Radiation mapping of structure components 

2.1  Pile mapping 
The reactor structure consists of a master plate, removable biological concrete shields, upper 
removable steel thermal shields (STS) and aluminium thermal shield (ATS), the reactor vessel (RV), 
lower removable ATS and STS and the main floor plate. The reactor vessel is a cylindrical tank made 
of Alcan-6056, a high purity aluminium alloy equivalent to Al-1S. The aluminium thermal shields on 
top and bottom of the reactor vessel are made of aluminium alloy Alcan 6056 and the steel thermal 
shields on top and bottom of the RV are made of low carbon steel.  There is a 20 cm gap between the 
bottom of the biological shields and top of the thermal shields in which cover gas pipes emerge from 
structural concrete and run down to the RV after branching into eight 5cm vent lines for the RV.  
Between the upper aluminium thermal shields and the top of RV there is a gap of 18 cm in which a 
bunch of stainless steel cooling water pipelines to the upper tube sheet of RV is accommodated. At the 
bottom of the RV there is a gap of 13 cm where the supporting web of the RV is located on top of the 
bottom aluminium thermal shield. In this 13 cm gap, stainless steel pipelines for cooling the RV 
bottom tube sheet are also accommodated [1]. 

Unloading of the pile in-core assemblies facilitated radiation field mapping of different Calandria 
positions. Detailed radiation field measurements in 46 randomly selected pile positions were carried 
out after 2 months and 42 months following reactor shut down. Radiation fields were measured at 20 
specified elevations of the reactor structure. The data generated is very useful for predicting the decay 
pattern of induced activity in structural components. Care was taken to keep identical conditions 
during both runs of radiation field measurements.  

The radiation field in the master plate during initial measurements was due to surface contamination 
that accumulated during spent fuel removal and nearly 100 failed fuel rod removal operations over the 
period of 37 years of reactor operation. Gamma spectrometry of swipe samples showed the presence 
of the fission product 137Cs. After thorough decontamination in the area, radiation level reduced to 
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commissioned in 1960 and has operated successfully for over 37 years. The reactor was shut down in October 
1997 for refurbishment activities on various reactor system and structural components after approval from safety 
authorities. The radiological data obtained during refurbishing activities act as the primary input for making a 
detailed decommissioning plan of the Cirus reactor. The activity content, radiation field and the quantity of 
waste that will be generated can be estimated, which will help in planning decommissioning waste disposal 
requirements. Also collective dose budgeting can be developed based on the radiation field, air activity data and 
dose exposure pattern observed during refurbishing. 

1. Introduction 
CIRUS is 40 MW (Thermal) uranium metal fuelled, heavy water moderated and light water cooled 
vertical tank type research reactor and operated successfully for nearly four decades. Since late 80s 
reactor systems showed various signs of ageing and reactor availability factor declined gradually there 
after, reactor was brought to shut down condition to carry out major refurbishing jobs on various 
systems and structural components. The radiological data generated during refurbishing of the 
research reactor will be useful in preparing an optimum safe decommissioning plan for future 
decommissioning of CIRUS reactor. 

2. Radiation mapping of structure components 

2.1  Pile mapping 
The reactor structure consists of a master plate, removable biological concrete shields, upper 
removable steel thermal shields (STS) and aluminium thermal shield (ATS), the reactor vessel (RV), 
lower removable ATS and STS and the main floor plate. The reactor vessel is a cylindrical tank made 
of Alcan-6056, a high purity aluminium alloy equivalent to Al-1S. The aluminium thermal shields on 
top and bottom of the reactor vessel are made of aluminium alloy Alcan 6056 and the steel thermal 
shields on top and bottom of the RV are made of low carbon steel.  There is a 20 cm gap between the 
bottom of the biological shields and top of the thermal shields in which cover gas pipes emerge from 
structural concrete and run down to the RV after branching into eight 5cm vent lines for the RV.  
Between the upper aluminium thermal shields and the top of RV there is a gap of 18 cm in which a 
bunch of stainless steel cooling water pipelines to the upper tube sheet of RV is accommodated. At the 
bottom of the RV there is a gap of 13 cm where the supporting web of the RV is located on top of the 
bottom aluminium thermal shield. In this 13 cm gap, stainless steel pipelines for cooling the RV 
bottom tube sheet are also accommodated [1]. 

Unloading of the pile in-core assemblies facilitated radiation field mapping of different Calandria 
positions. Detailed radiation field measurements in 46 randomly selected pile positions were carried 
out after 2 months and 42 months following reactor shut down. Radiation fields were measured at 20 
specified elevations of the reactor structure. The data generated is very useful for predicting the decay 
pattern of induced activity in structural components. Care was taken to keep identical conditions 
during both runs of radiation field measurements.  

The radiation field in the master plate during initial measurements was due to surface contamination 
that accumulated during spent fuel removal and nearly 100 failed fuel rod removal operations over the 
period of 37 years of reactor operation. Gamma spectrometry of swipe samples showed the presence 
of the fission product 137Cs. After thorough decontamination in the area, radiation level reduced to 
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0.03 mGy/h from 0.07 mGy/h. No significant change in the radiation field in the biological region was 
observed. In the other region of the reactor structure the radiation field was reduced by a factor of 2 to 
3 after 42 month of reactor shut down. Dominant radionuclides contributing to the surface radiation 
field are activation products such as 60 Co, 54Mn, 65Zn, 51Cr, 109Cd, and 59Fe[2]. Typical dose rates are 
shown in Table 1. 

Table 1. Radiation fields (mgy/h) in typical j-11 pile position of reactor structure after 2 
months and 42 months following reactor shut down 

Locations �
Delay after 
shut down  �

Master
plate 

Bio 
shield 

Top
STS

Top 
ATS

18 
cm 
gap 

Top 
tube
sheet

Reactor 
vessel 

Bottom 
tube
sheet 

Bottom 
ATS 

2 months  0.07 0.05 20 1000 2500 1500 2000 2500 1000 

42 months 0.03 0.04 10 800 700 600 800 1250 300 

2.2 Horizontal beam hole mapping  

There are 20 horizontal beam holes (HBH) with a diameter of 100 mm and 5 HBH with a diameter of 
300 mm located radially on the south and north faces of the reactor pile at three different elevations. In 
all of the beam hole positions, the radiation field at the reactor vessel face was observed to be 1 Gy/h 
after 42 months of reactor shut down [3]. After 42 months of reactor shut down the radiation field was 
reduced by a factor of 2 to 3 in the beam hole reactor structure components. Dominant radionuclides 
contributing to the surface radiation field are activation products such as 60Co, 54Mn, 65ZN, 51Cr, 109Cd, 
and 59Fe[2]. The radiation fields in a typical horizontal beam hole are shown in Table 2. 

Table 2. Radiation fields (mgy/h) in typical 300 horizontal beam hole e-25 of reactor structure 
after 2 months and 42 months following reactor shut down 

Locations �
Delay after 
shut down  �

Outer & 
Middle 
face of 
Bio shield 

Inner 
face of 
Bio
shield  

Outer 
face of  
Thermal 
shield 

inner face 
of thermal 
shield 

Outer 
face of 
graphite 

Inner
face of 
graphite 

Reactor 
vessel 
face 

2 months 5-15 200 1000 2500 3000 800 1000 

42 months 2-5 70 600 900 1000 150 200 

3. Primary coolant water system 
Circulation of de-mineralized light water through the fuel assemblies removed the heat from the fuel 
rods and in turn transferred the heat to sea water (secondary coolant) in the heat exchangers. Primary 
coolant water removes 95% of the heat energy produced in the pile and the total hold up of the system 
water is 90,000 liters. The system comprises of heat exchangers, circulating pumps, an expansion tank, 
an emergency core coolant tank (Ball tank) and dump tanks which are interconnected with a network 
of pipelines (about 1800 m) of 25 mm to 500 mm in diameter and 60% of which are running at a depth 
between 1 – 4 m below the ground out side the reactor building in addition to various segments in side 
the reactor. Refurbishing activities in the primary coolant water system was started after core 
unloading.  

 3.1.  Repair of primary coolant subsoil pipeline
Detailed checking of the primary coolant pipeline revealed the leaking portion to be in the subsoil 
region. To expose this leaking portion, large scale excavation was carried out with continuous 
monitoring of soil and pit water for radioactivity. Soil and pit water did not show any presence of 
activity except for about a 1 m2 area near the leaking portion, where the specific activity of the soil 
was 5 – 10 Bq/g. The active soil was removed and disposed as active waste. The area was filled with 
fresh soil. The total soil activity was estimated to be 1.6 MBq. The dresser coupling gasket and orifice 
flange joint of the pipeline was also found leaking. The radiation field on the metal orifice gasket was 
0.01mGy/h and loose contamination was 5 - 10 Bq/cm2. The deposits on the metal gaskets were 
analysed using gamma spectropy. The major radionuclides identified were 137Cs, 144Ce, and 60Co.
Twelve meter long corroded portion of this line was also replaced. The radiation field on the removed 
portion was 1�Gy/h due to surface contamination contributed by major radionuclides 137Cs, 144Ce, and 
60Co and specific activity of the deposits on the inner surface was 0.1 Bq/cm2.

3.2  Replacement of PCW heat exchanger tube bundle 
The radiation field on the heat exchanger tube bundle which was removed from the shell found to vary 
from 0.01– 0.05 mGy/h. Deposits on the tube were collected by scrapping and the maximum 
contamination level was 5 Bq/cm2. The total activity was estimated to be 3.28 MBq. The shell and 
tube side deposits were collected and the specific activities of the deposits varied from 10 – 90 Bq/g. 
Gamma spectrometric analysis of the samples showed major radionuclides as 152Eu (25.8%), 137Cs 
(22.2%), 125Sb (19.3%), and 60Co (16.8%). 

3.3. Replacement of fuel channel isolating (trunion) valves 
All 182 top Trunion valves (aluminium bronze alloy) in the upper header room and bottom damaged 
Trunion valves in the lower header room were removed and disposed as active waste. The radiation 
field on the old Trunion valves varied from 0.01 – 0.30 mGy/h. Scratch samples from these valves 
showed contamination levels of 70 – 120 Bq/cm2 and a specific activity distribution of 20112 – 34479 
Bq/g was observed [4].  The total activity was estimated to be 11.52 MBq. Gamma spectrometric 
analyses of the scratch samples showed radionuclides as 60Co (53.4%), 137Cs (34.3%), 144Ce (4.2%), 
106Ru (3.36%), 125Sb (1.3%), 152Eu (0.7%) and 134Cs (0.35%). 

3.4.  Repair  of  leak in expansion tank 
A carbon steel vertical tank (1.5m diameter and 7 m high) serves as an expansion tank for the primary 
coolant system. Radiological mapping was carried out after draining and removing the slurry through 
the bottom flange joints of the expansion tank. Radiation fields inside the tank varied from 0.10 – 0.20 
mGy/h. The specific activity of the slurry was 1448 Bq/g. Rusted material and slurry from the bottom 
of the standpipe was transferred into a drum for disposal. The radiation field on the drum was            
0.5 mGy/h and the total activity that was disposed was 600 MBq.  It was seen that the major 
radionuclides present were 137Cs, 144Ce and 60Co. The fission products contribute to 72% of the total 
activity and the activation and corrosion products contribute remaining 28% [5]. After leak 
rectification the radiation field inside the expansion tank was reduced to 0.01 mGy/h.  

3.5. Repair  of  leaks in emergency coolant storage tank (ecst) 

An under water radiation survey in the ECST was carried out to support the proposed inspection and 
subsequent repair of leaks. The radiation field on the platform was 0.01 mGy/h. four sets of sealed 
Thermo Luminescent Dosimeters (TLD) and Direct Reading Dosimeters (DRD) were lowered inside 
the ECST at different locations to measure the radiation fields on bottom and side wall of ECST. The 
radiation field observed was 0.01– 0.02 mGy/h in the ECST and the average water activity was found 
to be 4 Bq/ml. The total activity disposed was 0.04 MBq. The radionuclides indicated by the gamma 
spectrometric analysis of slurry were 137Cs (44.4%), 144Ce (24.7%), 75Zn (10.2%), 60Co (9.4%), 54Mn 
(5.1%), and 152Eu (4.2%). The concrete debris removed from the area showed radiation levels varied 
from 0.001 –  0.02 mGy/h. The specific activity of debris was 1.76 Bq/g. Gamma spectrometric 
analysis of the debris showed the presence of 137Cs (60%) and 60Co (25%). Radiation level inside the 
ball tank after repair was 1 �Gy/h. 
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0.03 mGy/h from 0.07 mGy/h. No significant change in the radiation field in the biological region was 
observed. In the other region of the reactor structure the radiation field was reduced by a factor of 2 to 
3 after 42 month of reactor shut down. Dominant radionuclides contributing to the surface radiation 
field are activation products such as 60 Co, 54Mn, 65Zn, 51Cr, 109Cd, and 59Fe[2]. Typical dose rates are 
shown in Table 1. 

Table 1. Radiation fields (mgy/h) in typical j-11 pile position of reactor structure after 2 
months and 42 months following reactor shut down 

Locations �
Delay after 
shut down  �

Master
plate 

Bio 
shield 

Top
STS

Top 
ATS

18 
cm 
gap 

Top 
tube
sheet

Reactor 
vessel 

Bottom 
tube
sheet 

Bottom 
ATS 

2 months  0.07 0.05 20 1000 2500 1500 2000 2500 1000 

42 months 0.03 0.04 10 800 700 600 800 1250 300 

2.2 Horizontal beam hole mapping  

There are 20 horizontal beam holes (HBH) with a diameter of 100 mm and 5 HBH with a diameter of 
300 mm located radially on the south and north faces of the reactor pile at three different elevations. In 
all of the beam hole positions, the radiation field at the reactor vessel face was observed to be 1 Gy/h 
after 42 months of reactor shut down [3]. After 42 months of reactor shut down the radiation field was 
reduced by a factor of 2 to 3 in the beam hole reactor structure components. Dominant radionuclides 
contributing to the surface radiation field are activation products such as 60Co, 54Mn, 65ZN, 51Cr, 109Cd, 
and 59Fe[2]. The radiation fields in a typical horizontal beam hole are shown in Table 2. 

Table 2. Radiation fields (mgy/h) in typical 300 horizontal beam hole e-25 of reactor structure 
after 2 months and 42 months following reactor shut down 

Locations �
Delay after 
shut down  �

Outer & 
Middle 
face of 
Bio shield 

Inner 
face of 
Bio
shield  

Outer 
face of  
Thermal 
shield 

inner face 
of thermal 
shield 

Outer 
face of 
graphite 

Inner
face of 
graphite 

Reactor 
vessel 
face 

2 months 5-15 200 1000 2500 3000 800 1000 

42 months 2-5 70 600 900 1000 150 200 

3. Primary coolant water system 
Circulation of de-mineralized light water through the fuel assemblies removed the heat from the fuel 
rods and in turn transferred the heat to sea water (secondary coolant) in the heat exchangers. Primary 
coolant water removes 95% of the heat energy produced in the pile and the total hold up of the system 
water is 90,000 liters. The system comprises of heat exchangers, circulating pumps, an expansion tank, 
an emergency core coolant tank (Ball tank) and dump tanks which are interconnected with a network 
of pipelines (about 1800 m) of 25 mm to 500 mm in diameter and 60% of which are running at a depth 
between 1 – 4 m below the ground out side the reactor building in addition to various segments in side 
the reactor. Refurbishing activities in the primary coolant water system was started after core 
unloading.  

 3.1.  Repair of primary coolant subsoil pipeline
Detailed checking of the primary coolant pipeline revealed the leaking portion to be in the subsoil 
region. To expose this leaking portion, large scale excavation was carried out with continuous 
monitoring of soil and pit water for radioactivity. Soil and pit water did not show any presence of 
activity except for about a 1 m2 area near the leaking portion, where the specific activity of the soil 
was 5 – 10 Bq/g. The active soil was removed and disposed as active waste. The area was filled with 
fresh soil. The total soil activity was estimated to be 1.6 MBq. The dresser coupling gasket and orifice 
flange joint of the pipeline was also found leaking. The radiation field on the metal orifice gasket was 
0.01mGy/h and loose contamination was 5 - 10 Bq/cm2. The deposits on the metal gaskets were 
analysed using gamma spectropy. The major radionuclides identified were 137Cs, 144Ce, and 60Co.
Twelve meter long corroded portion of this line was also replaced. The radiation field on the removed 
portion was 1�Gy/h due to surface contamination contributed by major radionuclides 137Cs, 144Ce, and 
60Co and specific activity of the deposits on the inner surface was 0.1 Bq/cm2.

3.2  Replacement of PCW heat exchanger tube bundle 
The radiation field on the heat exchanger tube bundle which was removed from the shell found to vary 
from 0.01– 0.05 mGy/h. Deposits on the tube were collected by scrapping and the maximum 
contamination level was 5 Bq/cm2. The total activity was estimated to be 3.28 MBq. The shell and 
tube side deposits were collected and the specific activities of the deposits varied from 10 – 90 Bq/g. 
Gamma spectrometric analysis of the samples showed major radionuclides as 152Eu (25.8%), 137Cs 
(22.2%), 125Sb (19.3%), and 60Co (16.8%). 

3.3. Replacement of fuel channel isolating (trunion) valves 
All 182 top Trunion valves (aluminium bronze alloy) in the upper header room and bottom damaged 
Trunion valves in the lower header room were removed and disposed as active waste. The radiation 
field on the old Trunion valves varied from 0.01 – 0.30 mGy/h. Scratch samples from these valves 
showed contamination levels of 70 – 120 Bq/cm2 and a specific activity distribution of 20112 – 34479 
Bq/g was observed [4].  The total activity was estimated to be 11.52 MBq. Gamma spectrometric 
analyses of the scratch samples showed radionuclides as 60Co (53.4%), 137Cs (34.3%), 144Ce (4.2%), 
106Ru (3.36%), 125Sb (1.3%), 152Eu (0.7%) and 134Cs (0.35%). 

3.4.  Repair  of  leak in expansion tank 
A carbon steel vertical tank (1.5m diameter and 7 m high) serves as an expansion tank for the primary 
coolant system. Radiological mapping was carried out after draining and removing the slurry through 
the bottom flange joints of the expansion tank. Radiation fields inside the tank varied from 0.10 – 0.20 
mGy/h. The specific activity of the slurry was 1448 Bq/g. Rusted material and slurry from the bottom 
of the standpipe was transferred into a drum for disposal. The radiation field on the drum was            
0.5 mGy/h and the total activity that was disposed was 600 MBq.  It was seen that the major 
radionuclides present were 137Cs, 144Ce and 60Co. The fission products contribute to 72% of the total 
activity and the activation and corrosion products contribute remaining 28% [5]. After leak 
rectification the radiation field inside the expansion tank was reduced to 0.01 mGy/h.  

3.5. Repair  of  leaks in emergency coolant storage tank (ecst) 

An under water radiation survey in the ECST was carried out to support the proposed inspection and 
subsequent repair of leaks. The radiation field on the platform was 0.01 mGy/h. four sets of sealed 
Thermo Luminescent Dosimeters (TLD) and Direct Reading Dosimeters (DRD) were lowered inside 
the ECST at different locations to measure the radiation fields on bottom and side wall of ECST. The 
radiation field observed was 0.01– 0.02 mGy/h in the ECST and the average water activity was found 
to be 4 Bq/ml. The total activity disposed was 0.04 MBq. The radionuclides indicated by the gamma 
spectrometric analysis of slurry were 137Cs (44.4%), 144Ce (24.7%), 75Zn (10.2%), 60Co (9.4%), 54Mn 
(5.1%), and 152Eu (4.2%). The concrete debris removed from the area showed radiation levels varied 
from 0.001 –  0.02 mGy/h. The specific activity of debris was 1.76 Bq/g. Gamma spectrometric 
analysis of the debris showed the presence of 137Cs (60%) and 60Co (25%). Radiation level inside the 
ball tank after repair was 1 �Gy/h. 
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4. Moderator and cover gas system 
Heavy water is used as a moderator and helium as a cover gas. To carry out various refurbishing jobs 
in the system, the entire inventory of heavy water was transferred to heavy water storage tank # 1 and 
the tank was isolated from the rest of the system. The rest of the system was drained at all possible 
locations and dried thoroughly by the operation of a freezer drier so as to bring down the tritium 
content in the cover gas & system piping. The helium gas was stored in a gas holder during 
refurbishing outage. 

Radiation fields on the heavy water line in the D2O storage tank room varied from 2 – 15 mGy/h. 
After draining about 30 kg of stagnant D2O, the interior of the line was cleaned with cotton bales. Cold 
finger samples collected during the draining operation showed 37 DAC of tritium activity in air. 
Gamma spectrometric analysis of the cotton bales reveals the prominent radionuclide was 60Co. After 
cleaning; the radiation field on the pipe was found to be 0.5 – 1 mGy/h.  

About 200 L of oil from the helium gas holder was replaced. The radiation field on the two oil drums 
was 0.5 �Gy/h. The tritium concentration in oil was measured by mixing 1 ml oil with 10 ml of water. 
The mixture was stirred well and filtered to remove suspended particles. The filtrate was allowed to 
stand for some time and then decanted to remove the oil. The supernatant was counted for tritium 
activity. The same experiment was performed for different combinations of 3 ml oil with 10 ml water 
and 5 ml oil with 100 ml water. The tritium concentration was found to be 6044 Bq/ml of oil. The 
estimated tritium activity was 1209 MBq. The oil was disposed as active waste.  

5. Ventilation system 
The ventilation system in Cirus is a single pass type with fans and ducts arranged so that a controlled 
motion of de-humidified and cooled air is maintained in the direction of increasing exposure to 
radioactive contamination from the point of ingress to the exhaust filters and stack. The peripheral 
ducts are part of the pile ventilation. A 60” ventilation duct, between the pile block and the absolute 
filter inlet plenum, is a part of main ventilation system at exhaust side. Muck accumulated in the duct 
and was removed by scooping after soaking with super clean solution. Air activity during the cleaning 
job varied from 10 – 72 Bq/m3. The reduction of contamination in various locations in the duct was 
reduced by a factor of 5 - 8 after decontamination. The deposits collected from the ducts were 
analysed and the prominent radionuclide present was 60Co which is the activation product of the 
structural components like the cast iron thermal shield. The radiological parameters analysed during 
this job are summarised in Table 3. 

Table 3. Radiological data of inspection and decontamination of ventilation ducts 

Radiation field 
(mGy/h) Name of 

the duct 
Initial After 

decont

Quantity of 
muck removed 
(Kg) / Specific 
Activity  

Radiation field 
on the waste 
packages 
(mGy/h) 

Major 
Isotopic 
constituent 

Collective
dose
person-
mSv 

60” duct 10 – 15 0.3 – 2  114.5/
145KBq/g 50 – 100  60Co 17.6 

PD*
outlet 3 – 20  0.5 – 5  30 / 110 kBq/g 20 – 70  60Co 16.6  

PD inlet 0.2 – 1  0.05 – 
0.2  10 /  6 kBq/g 1 – 2  60Co  8.2  

*peripheral duct 

6. Liquid effluent system: inspection, decontamination & repair 
During the refurbishing outage all sumps, which collect liquid waste from different areas in the plant, 
were cleaned, repaired and tested for integrity.  Liquid wastes collected in sumps are either chemical 
or non-chemical in nature. The slurry from the bottom of these sumps was collected in waste drums. 

After cleaning these sumps detailed inspections were performed. It was noticed that the stainless steel 
and mild steel lining of some of these sumps were damaged. 

Summaries of important radiological parameters measured are given in Table 4 [6]. Gamma 
spectrometry of the muck samples from different sumps was also carried out to characterize the 
activity. Personnel involved in cleaning and welding jobs were checked for internal contamination. No 
significant internal exposure was reported.  

Table 4. Radiological data of active sumps in cleaning/repair 

Radiation Field 
(mGy/h) Waste Disposed 

Name of 
Sump Before 

Cleaning
After 
Cleaning

Prominent 
Radio- 
Nuclide 

Specific 
Activity 
kBq/g 

Total
Activity MBq  

Collective
dose 

Person-
mSv 

RHS 2.0 – 3.0 1.0 – 2.0 
60Co - 75%
137Cs -25% 4.7(�,�) 2256 (�,�) 4.80 

Annulus 
Sumps 0.1 – 0.2 0.02 – 0.03 137Cs & 60Co 0.46(�,�) 736 (�,�) 20.0 

RCB # 5 100 -200 50 -100 137Cs (99%) 7400(�,�)
0.30 (�)

3.7x105(�,�)
15 (�) 288.0 

Dump 
tanks 0.07 – 0.5 0.01 – 0.05 137Cs (98%) 15 (�,�)

0.023 (�)
7500 (�,�)
11.5 (�) 102.7 

OAS# 1 1.0 – 5.0 0.1 – 0.2 137Cs (98%) 12.5(�,�)
0.02 (�)

105 (�,�)
160 (�) 17.2 

OAS# 2 3.0 – 4.0 0.05-0.2 137Cs (99%) 1.15  (�,�) 552 (�,�) 60

7. Conclusions 
During the refurbishing outage, spectrometric characterization of long lived and short lived 
radionuclides embedded in the primary coolant water system, moderator system, ventilation system, 
reactor structural components, liquid effluent systems were carried out. It was observed from the 
gamma spectrometric data that the composite half life of radionuclides in various components in 
primary heat transport system are in the range of 70 – 110 days due to short lived activity and later on 
the residual activity follows the decay pattern of Cs-137 (T1/2 = 30 yrs). Fission products 137Cs, 144Ce,
95Nb, 95Zr and activation products like 51Cr, 59Fe, 60Co, 152Eu are the major contributory nuclides. 60Co
and 137Cs are the main contributors of the activity observed in the effluent sumps. The residual activity 
in exhaust duct was mainly due to 60Co. 
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4. Moderator and cover gas system 
Heavy water is used as a moderator and helium as a cover gas. To carry out various refurbishing jobs 
in the system, the entire inventory of heavy water was transferred to heavy water storage tank # 1 and 
the tank was isolated from the rest of the system. The rest of the system was drained at all possible 
locations and dried thoroughly by the operation of a freezer drier so as to bring down the tritium 
content in the cover gas & system piping. The helium gas was stored in a gas holder during 
refurbishing outage. 

Radiation fields on the heavy water line in the D2O storage tank room varied from 2 – 15 mGy/h. 
After draining about 30 kg of stagnant D2O, the interior of the line was cleaned with cotton bales. Cold 
finger samples collected during the draining operation showed 37 DAC of tritium activity in air. 
Gamma spectrometric analysis of the cotton bales reveals the prominent radionuclide was 60Co. After 
cleaning; the radiation field on the pipe was found to be 0.5 – 1 mGy/h.  

About 200 L of oil from the helium gas holder was replaced. The radiation field on the two oil drums 
was 0.5 �Gy/h. The tritium concentration in oil was measured by mixing 1 ml oil with 10 ml of water. 
The mixture was stirred well and filtered to remove suspended particles. The filtrate was allowed to 
stand for some time and then decanted to remove the oil. The supernatant was counted for tritium 
activity. The same experiment was performed for different combinations of 3 ml oil with 10 ml water 
and 5 ml oil with 100 ml water. The tritium concentration was found to be 6044 Bq/ml of oil. The 
estimated tritium activity was 1209 MBq. The oil was disposed as active waste.  

5. Ventilation system 
The ventilation system in Cirus is a single pass type with fans and ducts arranged so that a controlled 
motion of de-humidified and cooled air is maintained in the direction of increasing exposure to 
radioactive contamination from the point of ingress to the exhaust filters and stack. The peripheral 
ducts are part of the pile ventilation. A 60” ventilation duct, between the pile block and the absolute 
filter inlet plenum, is a part of main ventilation system at exhaust side. Muck accumulated in the duct 
and was removed by scooping after soaking with super clean solution. Air activity during the cleaning 
job varied from 10 – 72 Bq/m3. The reduction of contamination in various locations in the duct was 
reduced by a factor of 5 - 8 after decontamination. The deposits collected from the ducts were 
analysed and the prominent radionuclide present was 60Co which is the activation product of the 
structural components like the cast iron thermal shield. The radiological parameters analysed during 
this job are summarised in Table 3. 

Table 3. Radiological data of inspection and decontamination of ventilation ducts 

Radiation field 
(mGy/h) Name of 

the duct 
Initial After 

decont

Quantity of 
muck removed 
(Kg) / Specific 
Activity  

Radiation field 
on the waste 
packages 
(mGy/h) 

Major 
Isotopic 
constituent 

Collective
dose
person-
mSv 

60” duct 10 – 15 0.3 – 2  114.5/
145KBq/g 50 – 100  60Co 17.6 

PD*
outlet 3 – 20  0.5 – 5  30 / 110 kBq/g 20 – 70  60Co 16.6  

PD inlet 0.2 – 1  0.05 – 
0.2  10 /  6 kBq/g 1 – 2  60Co  8.2  

*peripheral duct 

6. Liquid effluent system: inspection, decontamination & repair 
During the refurbishing outage all sumps, which collect liquid waste from different areas in the plant, 
were cleaned, repaired and tested for integrity.  Liquid wastes collected in sumps are either chemical 
or non-chemical in nature. The slurry from the bottom of these sumps was collected in waste drums. 

After cleaning these sumps detailed inspections were performed. It was noticed that the stainless steel 
and mild steel lining of some of these sumps were damaged. 

Summaries of important radiological parameters measured are given in Table 4 [6]. Gamma 
spectrometry of the muck samples from different sumps was also carried out to characterize the 
activity. Personnel involved in cleaning and welding jobs were checked for internal contamination. No 
significant internal exposure was reported.  

Table 4. Radiological data of active sumps in cleaning/repair 

Radiation Field 
(mGy/h) Waste Disposed 

Name of 
Sump Before 

Cleaning
After 
Cleaning

Prominent 
Radio- 
Nuclide 

Specific 
Activity 
kBq/g 

Total
Activity MBq  

Collective
dose 

Person-
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RHS 2.0 – 3.0 1.0 – 2.0 
60Co - 75%
137Cs -25% 4.7(�,�) 2256 (�,�) 4.80 

Annulus 
Sumps 0.1 – 0.2 0.02 – 0.03 137Cs & 60Co 0.46(�,�) 736 (�,�) 20.0 

RCB # 5 100 -200 50 -100 137Cs (99%) 7400(�,�)
0.30 (�)
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15 (�) 288.0 

Dump 
tanks 0.07 – 0.5 0.01 – 0.05 137Cs (98%) 15 (�,�)
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OAS# 1 1.0 – 5.0 0.1 – 0.2 137Cs (98%) 12.5(�,�)
0.02 (�)

105 (�,�)
160 (�) 17.2 

OAS# 2 3.0 – 4.0 0.05-0.2 137Cs (99%) 1.15  (�,�) 552 (�,�) 60

7. Conclusions 
During the refurbishing outage, spectrometric characterization of long lived and short lived 
radionuclides embedded in the primary coolant water system, moderator system, ventilation system, 
reactor structural components, liquid effluent systems were carried out. It was observed from the 
gamma spectrometric data that the composite half life of radionuclides in various components in 
primary heat transport system are in the range of 70 – 110 days due to short lived activity and later on 
the residual activity follows the decay pattern of Cs-137 (T1/2 = 30 yrs). Fission products 137Cs, 144Ce,
95Nb, 95Zr and activation products like 51Cr, 59Fe, 60Co, 152Eu are the major contributory nuclides. 60Co
and 137Cs are the main contributors of the activity observed in the effluent sumps. The residual activity 
in exhaust duct was mainly due to 60Co. 
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Abstract. This work evaluates the lessons learned during the radiological characterization of an old 
nuclear facility, the  Argentinean Research Reactor  RA-1, operational since January 1958. 

The composition of the materials used for the construction of the nuclear installation and mainly the 
concentration and type of impurities, are a critical factor in the build-up of neutron induced activation. Other 
factors, such as the operational history and eventual incidents during the life of the installation, are also key 
issues when one wants to have a detailed prediction of the possible waste that will be generated during the 
decommissioning of the installation. 

In the case of this operational, very old installation where the previously mentioned data were not available, it 
has been necessary to start a project comprising of chemical analysis and neutron activation analysis of samples 
taken from accessible components and/or stock materials from similar batches. The project also considered 
radiological characterization within the constrains due to the operational status of the reactor, a literature survey 
of composition and impurity concentration ranges for similar materials, and calculation of neutron flux 
distribution and nuclide neutron activation. Experience from this project will be applied in decommissioning 
waste predictions for other Argentinean research reactors.  

Lessons learned from this project include the convenience of improving the calculation method, e.g the use of a 
2-D or 3-D transport code, or a Montecarlo code such as MCNP. Also, advantage should be taken of the 
maintenance shutdowns of the other reactors, specially those with radioisotope production commitments, for 
making radiological characterization and materials sampling. Trace determination techniques should be updated 
for the parents of critical long-lived nuclides, such as Eu, Li, Ho, Cl, Ag and N. 

1. Background 
Large nuclear facilities in Argentina include two operating nuclear power plants and a third one under 
construction, three research reactors, a radioisotope production reactor, two critical assemblies, 
irradiation plants, several facilities for radioisotope source production and industrial/medical 
applications, a 99Mo production plant, large accelerators and several fuel cycle facilities, including 
power reactor  and research reactor fuel production plants. No final shut down date has been 
determined for any relevant nuclear facility.  

According to the Nuclear Law No. 24084, the Comisión Nacional de Energía Atómica (CNEA) is 
responsible for decommissioning of all relevant facilities. Preliminary decommissioning planning is 
needed because of regulatory requirements, and to provide estimates of decommissioning waste to be 
included in the planning of the National Program on Radioactive Waste Management.  

In the case of research reactors, planning began with the oldest facility, RA-1, which has been 
operational since 1958. A review was made of the design, operational history, components and 
materials of construction [1, 2]. The radiological characterization, decommissioning waste analysis 
and disposal options were done within the frame of IAEA Coordinated Research Project “Disposal 
aspects of low and intermediate level decommissioning waste” [3]. 

1.1. The RA-1 reactor, brief description 
The RA-1 “Enrico Fermi” reactor, located at the Constituyentes Atomic Centre of CNEA near Buenos 
Aires city, reached criticality for the first time on January 17th, 1958. It was actually built in Argentina 
based on Argonaut basic engineering, provided by the Argonne National Laboratory, USA. 

Athens - Book of Contributed Papers A4.indd   140 2006-11-06   13:23:00



141

REFERENCES 
[1] Design Manual, CIRUS (1959). 

[2] VAKHARWALA, K.J., SHANKAR, S. (1994), Data Collection and Assessment of 
Radiological Status Towards Planning For Future Decommissioning of CIRUS Reactor. 
Proceedings of First National Symposium on Ageing Management of Nuclear Facilities, ppS5-
26-30. 

[3] CHAUDHARI, P.B., VARUGHESE, A., GOPALAKRISHNAN, R.K., ASHOK KUMAR, P., 
JOSHI, D.S., BABU, D.A.R., VAKHARWALA, K.J., PANT, R.C., BHAGWAT, A.M.(1999), 
In-situ Radiation field measurement on in-core components of research reactor CIRUS, 
Proceedings of 24th IARP conference, PP 202-207. 

[4] GOPALAKRISHNAN, R.K, CHAUDHARI, P.B., VARUGHESE, A., YADAV, R.K.B, 
VAKHARWALA, K.J., PRASAD, S.K., Characterisation of Radioactivity of Trunion valves in 
Primary Coolant System of  CIRUS. National Symposium on Water and Steam Chemistry on in 
Power Plants, Feb 23-25,2000, Mumbai. 

[5] MISHRA, S.G., SAWANT, D.K., BELHE, M.S., PRASAD, S.K., RAMESH, N.*, 
VAKHARWALA, K.J.*, Radiation Safety Systems Division, * Reactor Operations Division,  
Characterization studies and in-situ radiation mapping of Cirus System Components, Radiation 
Protection and Environment Vol 24, pp 241-246 No 1&2, 2001, Proceedings of 25th IARP 
International Conference, Mumbai. 

[6] PRASAD,.S.K, CHAUDHARI, P.B., BELHE,.M.S, SAWANT,.D.K, YADAV, R.K.B., 
Radiological Safety Aspects of Refurbishing of Waste Disposal System of CIRUS Reactor. Ist

National Conference on Nuclear Reactor Safety Novemer 25 – 27,2002, Mumbai. 

IAEA-CN-143/06 

Lessons learned from the prediction of decommissioning waste in an old research 
reactor 

C.M. Barberis 

Atomic Energy National Commission (CNEA), 
San Martin, Buenos Aires, 
Argentina 

Abstract. This work evaluates the lessons learned during the radiological characterization of an old 
nuclear facility, the  Argentinean Research Reactor  RA-1, operational since January 1958. 

The composition of the materials used for the construction of the nuclear installation and mainly the 
concentration and type of impurities, are a critical factor in the build-up of neutron induced activation. Other 
factors, such as the operational history and eventual incidents during the life of the installation, are also key 
issues when one wants to have a detailed prediction of the possible waste that will be generated during the 
decommissioning of the installation. 

In the case of this operational, very old installation where the previously mentioned data were not available, it 
has been necessary to start a project comprising of chemical analysis and neutron activation analysis of samples 
taken from accessible components and/or stock materials from similar batches. The project also considered 
radiological characterization within the constrains due to the operational status of the reactor, a literature survey 
of composition and impurity concentration ranges for similar materials, and calculation of neutron flux 
distribution and nuclide neutron activation. Experience from this project will be applied in decommissioning 
waste predictions for other Argentinean research reactors.  

Lessons learned from this project include the convenience of improving the calculation method, e.g the use of a 
2-D or 3-D transport code, or a Montecarlo code such as MCNP. Also, advantage should be taken of the 
maintenance shutdowns of the other reactors, specially those with radioisotope production commitments, for 
making radiological characterization and materials sampling. Trace determination techniques should be updated 
for the parents of critical long-lived nuclides, such as Eu, Li, Ho, Cl, Ag and N. 

1. Background 
Large nuclear facilities in Argentina include two operating nuclear power plants and a third one under 
construction, three research reactors, a radioisotope production reactor, two critical assemblies, 
irradiation plants, several facilities for radioisotope source production and industrial/medical 
applications, a 99Mo production plant, large accelerators and several fuel cycle facilities, including 
power reactor  and research reactor fuel production plants. No final shut down date has been 
determined for any relevant nuclear facility.  

According to the Nuclear Law No. 24084, the Comisión Nacional de Energía Atómica (CNEA) is 
responsible for decommissioning of all relevant facilities. Preliminary decommissioning planning is 
needed because of regulatory requirements, and to provide estimates of decommissioning waste to be 
included in the planning of the National Program on Radioactive Waste Management.  

In the case of research reactors, planning began with the oldest facility, RA-1, which has been 
operational since 1958. A review was made of the design, operational history, components and 
materials of construction [1, 2]. The radiological characterization, decommissioning waste analysis 
and disposal options were done within the frame of IAEA Coordinated Research Project “Disposal 
aspects of low and intermediate level decommissioning waste” [3]. 

1.1. The RA-1 reactor, brief description 
The RA-1 “Enrico Fermi” reactor, located at the Constituyentes Atomic Centre of CNEA near Buenos 
Aires city, reached criticality for the first time on January 17th, 1958. It was actually built in Argentina 
based on Argonaut basic engineering, provided by the Argonne National Laboratory, USA. 
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Between 1960 and 1962, the reactor became an Argonaut type research reactor. A heat exchanger and 
a cooling tower were built, plate fuel replaced the original fuel (boxes with plates), and power levels 
ranged between 10 and 20 kW. Neutron fluxes of 1011 n/cm2·sec , three orders of magnitude higher 
than the original ones, were reached. From 1962 onwards, the present RA-1 configuration exists. 

The reactor core is made of 228, 66 cm long, fuel rods, with UO2-C as fuel material, upper and ower 
graphite reflectors, and Al cladding. Irradiation facilities include an irradiation facility at the central 
reflector, three vertical channels at the core center, a vertical channel at the inner radial graphite 
reflector, a thermal column and a fast neutron column. 

Operational data is missing for the period 1958-1962. During 1984-1990, the reactor was shutdown. 
Since 1972, authorized maximum power has been 40 kW. During the period 1965-1971, maximum 
power in the range of 50-80 kW were achieved. 

The RA-1 reactor is presently in operation, and different experiments are being carried out in its 
irradiation facilities. Its operating license is regularly renewed by ARN, the Argentinean regulatory 
body, and date for its final shutdown and decommissioning has not been established. 

Figure 1 shows the reactor building and Figure 2 a cross section of the reactor tank and shielding. 
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2. Radiological characterization 

2.1. Scope 
The radiological characterization will allow the prediction of the type and amount of decommissioning 
waste that will be generated. It will also allow prediction of occupational doses during 
decommissioning and radiological and industrial safety requirements.  

Since the reactor is operational, many areas and components will not be accessible to measurements. 
For this reason, calculation of the neutron activation of materials will be the main tool for radiological 
characterization. This in turn demands knowledge of the composition of reactor materials, including 
residuals and impurities that may lead to long lived nuclides through neutron activation. 

2.2. Composition of reactor materials 
Since the reactor is almost 50 years old, data is missing on chemical composition, impurities and 
residuals for some materials. In order to complete the missing data, the following has been done: 

(1) Chemical analysis of reactor materials or samples from similar batches; 

(2) Neutron activation analysis to determine the presence of some impurities; 

(3) Estimations based on a wide literature survey of similar materials and expert consults. 

Composition of metals (carbon and stainless steel, aluminum) was available from reactor records; and 
residuals were estimated by an expert based on metallurgical practices in the country 50 years ago. 
Main components of the different types of concrete used for biological shielding and structures could 
be found. No data was available on impurities in concrete, lead and graphite. 

2.3 Measurements in RA-1 materials 
CNEA laboratories have performed both chemical and neutron activation analysis on reactor material 
samples. 

2.3.1. Lead shielding 
Samples were taken from lead blocks from the same batch used in the reactor and thermal column lead 
shielding. The Analytical Chemistry Laboratory has performed an analysis showing small 
concentrations of the usual elements found in chemical lead (Ag, Cu, Bi, Fe, Ni, Sb, Sn, Zn) and less 
than 2 ppm of Li. A qualitive neutron activation analysis was performed in the RA-1 reactor on 
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Between 1960 and 1962, the reactor became an Argonaut type research reactor. A heat exchanger and 
a cooling tower were built, plate fuel replaced the original fuel (boxes with plates), and power levels 
ranged between 10 and 20 kW. Neutron fluxes of 1011 n/cm2·sec , three orders of magnitude higher 
than the original ones, were reached. From 1962 onwards, the present RA-1 configuration exists. 

The reactor core is made of 228, 66 cm long, fuel rods, with UO2-C as fuel material, upper and ower 
graphite reflectors, and Al cladding. Irradiation facilities include an irradiation facility at the central 
reflector, three vertical channels at the core center, a vertical channel at the inner radial graphite 
reflector, a thermal column and a fast neutron column. 

Operational data is missing for the period 1958-1962. During 1984-1990, the reactor was shutdown. 
Since 1972, authorized maximum power has been 40 kW. During the period 1965-1971, maximum 
power in the range of 50-80 kW were achieved. 

The RA-1 reactor is presently in operation, and different experiments are being carried out in its 
irradiation facilities. Its operating license is regularly renewed by ARN, the Argentinean regulatory 
body, and date for its final shutdown and decommissioning has not been established. 

Figure 1 shows the reactor building and Figure 2 a cross section of the reactor tank and shielding. 
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2. Radiological characterization 

2.1. Scope 
The radiological characterization will allow the prediction of the type and amount of decommissioning 
waste that will be generated. It will also allow prediction of occupational doses during 
decommissioning and radiological and industrial safety requirements.  

Since the reactor is operational, many areas and components will not be accessible to measurements. 
For this reason, calculation of the neutron activation of materials will be the main tool for radiological 
characterization. This in turn demands knowledge of the composition of reactor materials, including 
residuals and impurities that may lead to long lived nuclides through neutron activation. 

2.2. Composition of reactor materials 
Since the reactor is almost 50 years old, data is missing on chemical composition, impurities and 
residuals for some materials. In order to complete the missing data, the following has been done: 

(1) Chemical analysis of reactor materials or samples from similar batches; 

(2) Neutron activation analysis to determine the presence of some impurities; 

(3) Estimations based on a wide literature survey of similar materials and expert consults. 

Composition of metals (carbon and stainless steel, aluminum) was available from reactor records; and 
residuals were estimated by an expert based on metallurgical practices in the country 50 years ago. 
Main components of the different types of concrete used for biological shielding and structures could 
be found. No data was available on impurities in concrete, lead and graphite. 

2.3 Measurements in RA-1 materials 
CNEA laboratories have performed both chemical and neutron activation analysis on reactor material 
samples. 

2.3.1. Lead shielding 
Samples were taken from lead blocks from the same batch used in the reactor and thermal column lead 
shielding. The Analytical Chemistry Laboratory has performed an analysis showing small 
concentrations of the usual elements found in chemical lead (Ag, Cu, Bi, Fe, Ni, Sb, Sn, Zn) and less 
than 2 ppm of Li. A qualitive neutron activation analysis was performed in the RA-1 reactor on 
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samples taken from lead blocks. Neither Eu nor Ho was found, and Li and Cl, being purely � emitters, 
were out of the scope of the method.  

2.3.2 Concrete
A chemical analysis of impurities in ordinary concrete samples from the external wall of the biological 
shield detected 63 ppm of Cl and less than 200 ppm of Co. A qualitative neutron activation analysis of 
the same samples, showed small concentrations of Eu, Ag, Sm, Ba, Cs, Zn, Co and Ho. Small 
concentrations of rare earths responsible for rather short lived radionuclides, such as La, Os, Yb, Ta, 
Ce, Tb, Sb, Cu, As and Te, were also found. 

2.3.3 Graphite 
There are about 4.8 tons of graphite in the reactor reflectors and thermal column. Samples were taken 
from graphite blocks from the same batch used in the reactor and thermal column graphite reflectors. 
Chemical analysis showed 58 ppm of Cl, less than 1 ppm of Li, 30 ppm of Fe, less than 30 ppm of Co 
and traces of Ni, Ag, Zn and Ca. 

A qualitative neutron activation analysis was performed in the RA-1 reactor on samples taken from the 
graphite blocks. From the impurities generating nuclides with half life greater than 6 months, small 
concentrations were found of Eu, Ba, Co, Zn and Fe. Small concentrations of Sb, La, Br, Sc and Cr 
were also found. 

3. Neutron activation calculation methodology 
Calculations were performed as part of the radiological characterization. The purpose of the 
calculations were to predict decommissioning waste due to neutron activation, to provide a guide to 
measurements by identifying areas were material activation is foreseen, and, being that the reactor is 
presently in operation, to provide tools for interpolating and extrapolating measurements to areas not 
currently accessible. 

The neutron flux distribution was calculated using the one-dimensional code ANISN(1D) [4] by 
assembling a radial and an axial model. Code CITVAP [5] was used for generating the specific power 
distribution within the core. That specific power distribution was the input to code GENSOU [6] for 
generating the source term (number of particles emitted per energy group and per cell of the geometric 
mesh) to be used in ANISN. ANISN calculations were adjusted to CITVAP results by modifying the 
fission cross sections evaluation, and using a normalization factor from the condition of equal thermal 
neutron flux at the core outer boundary for both the radial and axial models. 

The activation of material was calculated using ORIGEN II [7]. A discretization of the reactor 
components was made, and both thermal and total neutron flux was interpolated for each material cell 
based on the results of the radial and axial model at full power (40 kW). An irradiation and decay time 
was assigned to each component, based on the operation history of the reactor and the residence of 
each material in the reactor. 

Nuclides are considered to be “activated” from a waste generation point of view, when their specific 
activity exceeds rounded exclusion limits defined by IAEA [8] for realistic scenarios. 

In order to take into account irradiation and decay periods, it was assumed that for each year, there 
was an uninterrupted irradiation period corresponding to the actual operation hours, followed by an 
uninterrupted decay period until the end of the year. 

4. Results 
Main results from the calculation are: 

4.1 Thermal flux distribution 
Thermal neutron flux at full power is maximun at the reactor core internal and central and inner 
graphite reflector (4 to 8×1011 n/cm2.s). Thermal flux at inner parts of the biological shielding ranges 
between 109 and 1010 n/cm2.s and flux decays rapidly when moving away from the reactor. Flux at the 
floor under the reactor is 2×109 n/cm2.s, and decays rapidly. Flux at the basement under the reactor 
ranges between 2 and 8×108 n/ cm2.s. The flux at the coolant and purification circuits, crane, stair, 

other areas in the reactor room and basement far from the reactor, are very low and area monitoring 
does not show activation there. 

4.2 Total radiological inventory 
Table 1 shows contributions of different activated nuclides to the activity after shutdown and five 
years after shutdown: 

Table 1. Radiological Inventory After Shutdown 

Radionucli
de Half life (year) Total activity after shutdown 

(MBq)
Total activity five years after 
shutdown (MBq) 

55Fe5 2.7×100 5.52×105 1.46×105

152Eu 1.36×101 2.49×105 3.27×105

3H 1.23×101 2.16×105 1.65×105

60Co 5.27×100 3.33×104 1.74×104

110mAg 6.80×10–1 3.31×104 2.10×102

54Mn 8.57×10–1 3.26×104 5.71×102

154Eu 8.80×100 2.68×104 3.07×104

63Ni 1.00×102 1.50×104 1.45×104

134Cs 2.06×100 2.32×103 4.38×102

125Sb 2.76×100 1.83×103 5.25×102

119mSn 8.03×10–1 1.31×103 7.19×100

108mAg 1.30×102 1.17×103 1.14×103

65Zn 6.70×10–1 6.30×102 4.85×100

41Ca 1.03×105 4.65×102 4.65×102

109Cd 1.26×100 2.82×102 1.85×101

14C 5.73×103 1.48×102 1.86×102

59Ni 7.50×104 1.25×102 1.25×102

151Sm 9.00×101 7.38×101 8.61×101

155Eu 4.76×100 5.57×101 5.37×101

133Ba 1.05×101 3.10×10–1 2.25×10–1

Total Activity  1.17×106 7.04×105

4.3 Activated components 
Table 2 shows the calculated average specific activities in the activated components after shut down: 

Table 2. Evaluated specific activities of activated materials 
Area/Component Average specific activity 

(Bq/g) 
Mass 
(kg)

Main nuclides 

Control rods 3.2×107 4 60Co, 54Mn, 125Sb, 63Ni, 55Fe 
Barite concrete 3.1×100 2528 152Eu, 133Ba 
Ferrite concrete 1.07×102 2570 152Eu, 54Mn, 154Eu, 60Co, 134Cs 
Heavy concrete 3.37×103 2884 152Eu, 54Mn, 154Eu, 60Co, 110mAg
Lead shielding  1.02×104 5000 110mAg, 125Sb, 108mAg, 119mSn, 3H.
Lead shielding thermal column 1.94×102 1090 110mAg, 125Sb, 108mAg, 119mSn
Graphite thermal column 9.89×103 2506 152Eu, 154Eu, Co-60, Mn-54, Zn-65.

Fuel rod grid 6.93×104 0.47 54Mn,  65 Zn, Co-60, Fe-55.
Samples pneumatic mechanism 1.47×109 142 60Co, 54Mn,, 55Fe,119mSn, 63Ni. 
Basement wall below reactor 8.89×102 10245 152Eu, 154Eu, 60Co, 54Mn, 110mAg.

Floor around reactor tank 3.66×104 12540 152Eu, 154Eu, 60Co, 134Cs, 5460Mn
Floor basement below reactor 3.1×101 19426 54Mn. 
Graphite Central reflector 2.13×104 20 65Zn, 54Mn, 60Co, 152Eu, 154Eu. 
Graphite outer reflector 1.11×103 2000 60Co, 152Eu, 154Eu, 54Mn, 3H
Graphite inner reflector 2.58×103 300 60Co, 152Eu, 154Eu, 54Mn, 3H.
Reactor tank 1.77×104 300 65Zn, 54Mn, 60Co, 55Fe 
Reactor separating tank 4.68×104 15,4 65Zn, 54Mn, 60Co, 55Fe 
Core support structure 1.00×104 0.56 65Zn, 54Mn, 60Co, 55Fe, 63Ni
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samples taken from lead blocks. Neither Eu nor Ho was found, and Li and Cl, being purely � emitters, 
were out of the scope of the method.  

2.3.2 Concrete
A chemical analysis of impurities in ordinary concrete samples from the external wall of the biological 
shield detected 63 ppm of Cl and less than 200 ppm of Co. A qualitative neutron activation analysis of 
the same samples, showed small concentrations of Eu, Ag, Sm, Ba, Cs, Zn, Co and Ho. Small 
concentrations of rare earths responsible for rather short lived radionuclides, such as La, Os, Yb, Ta, 
Ce, Tb, Sb, Cu, As and Te, were also found. 

2.3.3 Graphite 
There are about 4.8 tons of graphite in the reactor reflectors and thermal column. Samples were taken 
from graphite blocks from the same batch used in the reactor and thermal column graphite reflectors. 
Chemical analysis showed 58 ppm of Cl, less than 1 ppm of Li, 30 ppm of Fe, less than 30 ppm of Co 
and traces of Ni, Ag, Zn and Ca. 

A qualitative neutron activation analysis was performed in the RA-1 reactor on samples taken from the 
graphite blocks. From the impurities generating nuclides with half life greater than 6 months, small 
concentrations were found of Eu, Ba, Co, Zn and Fe. Small concentrations of Sb, La, Br, Sc and Cr 
were also found. 

3. Neutron activation calculation methodology 
Calculations were performed as part of the radiological characterization. The purpose of the 
calculations were to predict decommissioning waste due to neutron activation, to provide a guide to 
measurements by identifying areas were material activation is foreseen, and, being that the reactor is 
presently in operation, to provide tools for interpolating and extrapolating measurements to areas not 
currently accessible. 

The neutron flux distribution was calculated using the one-dimensional code ANISN(1D) [4] by 
assembling a radial and an axial model. Code CITVAP [5] was used for generating the specific power 
distribution within the core. That specific power distribution was the input to code GENSOU [6] for 
generating the source term (number of particles emitted per energy group and per cell of the geometric 
mesh) to be used in ANISN. ANISN calculations were adjusted to CITVAP results by modifying the 
fission cross sections evaluation, and using a normalization factor from the condition of equal thermal 
neutron flux at the core outer boundary for both the radial and axial models. 

The activation of material was calculated using ORIGEN II [7]. A discretization of the reactor 
components was made, and both thermal and total neutron flux was interpolated for each material cell 
based on the results of the radial and axial model at full power (40 kW). An irradiation and decay time 
was assigned to each component, based on the operation history of the reactor and the residence of 
each material in the reactor. 

Nuclides are considered to be “activated” from a waste generation point of view, when their specific 
activity exceeds rounded exclusion limits defined by IAEA [8] for realistic scenarios. 

In order to take into account irradiation and decay periods, it was assumed that for each year, there 
was an uninterrupted irradiation period corresponding to the actual operation hours, followed by an 
uninterrupted decay period until the end of the year. 

4. Results 
Main results from the calculation are: 

4.1 Thermal flux distribution 
Thermal neutron flux at full power is maximun at the reactor core internal and central and inner 
graphite reflector (4 to 8×1011 n/cm2.s). Thermal flux at inner parts of the biological shielding ranges 
between 109 and 1010 n/cm2.s and flux decays rapidly when moving away from the reactor. Flux at the 
floor under the reactor is 2×109 n/cm2.s, and decays rapidly. Flux at the basement under the reactor 
ranges between 2 and 8×108 n/ cm2.s. The flux at the coolant and purification circuits, crane, stair, 

other areas in the reactor room and basement far from the reactor, are very low and area monitoring 
does not show activation there. 

4.2 Total radiological inventory 
Table 1 shows contributions of different activated nuclides to the activity after shutdown and five 
years after shutdown: 

Table 1. Radiological Inventory After Shutdown 

Radionucli
de Half life (year) Total activity after shutdown 

(MBq)
Total activity five years after 
shutdown (MBq) 

55Fe5 2.7×100 5.52×105 1.46×105

152Eu 1.36×101 2.49×105 3.27×105

3H 1.23×101 2.16×105 1.65×105

60Co 5.27×100 3.33×104 1.74×104

110mAg 6.80×10–1 3.31×104 2.10×102

54Mn 8.57×10–1 3.26×104 5.71×102

154Eu 8.80×100 2.68×104 3.07×104

63Ni 1.00×102 1.50×104 1.45×104

134Cs 2.06×100 2.32×103 4.38×102

125Sb 2.76×100 1.83×103 5.25×102

119mSn 8.03×10–1 1.31×103 7.19×100

108mAg 1.30×102 1.17×103 1.14×103

65Zn 6.70×10–1 6.30×102 4.85×100

41Ca 1.03×105 4.65×102 4.65×102

109Cd 1.26×100 2.82×102 1.85×101

14C 5.73×103 1.48×102 1.86×102

59Ni 7.50×104 1.25×102 1.25×102

151Sm 9.00×101 7.38×101 8.61×101

155Eu 4.76×100 5.57×101 5.37×101

133Ba 1.05×101 3.10×10–1 2.25×10–1

Total Activity  1.17×106 7.04×105

4.3 Activated components 
Table 2 shows the calculated average specific activities in the activated components after shut down: 

Table 2. Evaluated specific activities of activated materials 
Area/Component Average specific activity 

(Bq/g) 
Mass 
(kg)

Main nuclides 

Control rods 3.2×107 4 60Co, 54Mn, 125Sb, 63Ni, 55Fe 
Barite concrete 3.1×100 2528 152Eu, 133Ba 
Ferrite concrete 1.07×102 2570 152Eu, 54Mn, 154Eu, 60Co, 134Cs 
Heavy concrete 3.37×103 2884 152Eu, 54Mn, 154Eu, 60Co, 110mAg
Lead shielding  1.02×104 5000 110mAg, 125Sb, 108mAg, 119mSn, 3H.
Lead shielding thermal column 1.94×102 1090 110mAg, 125Sb, 108mAg, 119mSn
Graphite thermal column 9.89×103 2506 152Eu, 154Eu, Co-60, Mn-54, Zn-65.

Fuel rod grid 6.93×104 0.47 54Mn,  65 Zn, Co-60, Fe-55.
Samples pneumatic mechanism 1.47×109 142 60Co, 54Mn,, 55Fe,119mSn, 63Ni. 
Basement wall below reactor 8.89×102 10245 152Eu, 154Eu, 60Co, 54Mn, 110mAg.

Floor around reactor tank 3.66×104 12540 152Eu, 154Eu, 60Co, 134Cs, 5460Mn
Floor basement below reactor 3.1×101 19426 54Mn. 
Graphite Central reflector 2.13×104 20 65Zn, 54Mn, 60Co, 152Eu, 154Eu. 
Graphite outer reflector 1.11×103 2000 60Co, 152Eu, 154Eu, 54Mn, 3H
Graphite inner reflector 2.58×103 300 60Co, 152Eu, 154Eu, 54Mn, 3H.
Reactor tank 1.77×104 300 65Zn, 54Mn, 60Co, 55Fe 
Reactor separating tank 4.68×104 15,4 65Zn, 54Mn, 60Co, 55Fe 
Core support structure 1.00×104 0.56 65Zn, 54Mn, 60Co, 55Fe, 63Ni
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5. Lessons learned 
Lessons learned from this project include: 

a. The convenience of improving the flux calculation method using a 2-D or 3-D transport code, or 
a Monte Carlo code such as MCNP; 

b. Advantage should be taken of the maintenance shutdowns of reactors, specially those with 
radioisotope production commitments, for making radiological characterization and materials 
sampling; 

c. Quantitative Neutron Activation Analysis may be the more adequate technique for measuring 
materials composition at the trace (ppm) level; 

d. Analytical techniques might be improved for measuring at ppm levels the parents of important 
activation nuclides, such as Li, Cl, Ag and N; 

e. Participation in an International Cooperation Project is extremely important for discussing, 
interchanging and learning from others experiences.  
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Planning for safe decommissioning of research reactors in Egypt 
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Egypt 

Abstract: Egypt operates two Research Reactors: ETRR-1: Tank type, 2 MW power, 10% enrichment 
EK-10 fuel, and commissioned in 1960 and ETRR-2: Open pool type, 22 MW power, 20% enrichment plate type 
fuel and commissioned in 1997. A proposed decommissioning plan for each reactor will be presented. The 
established decommissioning plan includes facility characterization, procedures and radiological protection 
aspects. The safety assessment during the decommissioning identifies the actions that are necessary to ensure 
continuous safety during all phases of decommissioning. Protective measures should provide the necessary 
defense in depth.  

1. Introduction 
Egypt operates two research reactors, the first reactor (ETRR-1) is a 2 MW tank type reactor which is 
40 years old. The second reactor (ETRR-2) is a 22 MW open – pool type reactor which has been 
recently commissioned. A decommissioning plan is prepared for each facility that includes the 
sequence of activities, requirements of personnel, procedures and radiological protection aspects, 
among other issues. The safety assessment during the decommissioning identifies the actions that are 
necessary to ensure continuous safety during all phases of decommissioning.  

The current safety analysis reports for ETRR-1 & ETRR-2 contain outdated plans for 
decommissioning. Protective measures (both engineered or administrative) should provide the 
necessary defense in depth. 

2. Safety assessment for decommissioning  
The following aspects must be considered when performing the safety assessment that will support 
decommissioning activities:    

� Radioactive material inventory (removable and non-removable contamination should be 
considered); 

� Radiological protection requirements and applicable standards (national and international 
requirements and standards);  

� Decommissioning strategy (deferred dismantling) reduction of the dose to site personnel,  
requirements on maintenance, implications due to deterioration should be considered; 

� Non-radiological safety (for example, hazardous materials used in decontamination); 

� Dose prediction for tasks; 

� Estimation of individual and collective doses; 

� Optimization of protection (ALARA); 

� Radiological measurements; 

� Emergency plans; 

� Management of safety; 

� Radiological protection procedures and instructions; 

� Justification of safety for workers and public; 

� Physical security and material control. 
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5. Lessons learned 
Lessons learned from this project include: 

a. The convenience of improving the flux calculation method using a 2-D or 3-D transport code, or 
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sampling; 

c. Quantitative Neutron Activation Analysis may be the more adequate technique for measuring 
materials composition at the trace (ppm) level; 

d. Analytical techniques might be improved for measuring at ppm levels the parents of important 
activation nuclides, such as Li, Cl, Ag and N; 

e. Participation in an International Cooperation Project is extremely important for discussing, 
interchanging and learning from others experiences.  
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Abstract: Egypt operates two Research Reactors: ETRR-1: Tank type, 2 MW power, 10% enrichment 
EK-10 fuel, and commissioned in 1960 and ETRR-2: Open pool type, 22 MW power, 20% enrichment plate type 
fuel and commissioned in 1997. A proposed decommissioning plan for each reactor will be presented. The 
established decommissioning plan includes facility characterization, procedures and radiological protection 
aspects. The safety assessment during the decommissioning identifies the actions that are necessary to ensure 
continuous safety during all phases of decommissioning. Protective measures should provide the necessary 
defense in depth.  

1. Introduction 
Egypt operates two research reactors, the first reactor (ETRR-1) is a 2 MW tank type reactor which is 
40 years old. The second reactor (ETRR-2) is a 22 MW open – pool type reactor which has been 
recently commissioned. A decommissioning plan is prepared for each facility that includes the 
sequence of activities, requirements of personnel, procedures and radiological protection aspects, 
among other issues. The safety assessment during the decommissioning identifies the actions that are 
necessary to ensure continuous safety during all phases of decommissioning.  

The current safety analysis reports for ETRR-1 & ETRR-2 contain outdated plans for 
decommissioning. Protective measures (both engineered or administrative) should provide the 
necessary defense in depth. 

2. Safety assessment for decommissioning  
The following aspects must be considered when performing the safety assessment that will support 
decommissioning activities:    

� Radioactive material inventory (removable and non-removable contamination should be 
considered); 

� Radiological protection requirements and applicable standards (national and international 
requirements and standards);  

� Decommissioning strategy (deferred dismantling) reduction of the dose to site personnel,  
requirements on maintenance, implications due to deterioration should be considered; 

� Non-radiological safety (for example, hazardous materials used in decontamination); 

� Dose prediction for tasks; 

� Estimation of individual and collective doses; 

� Optimization of protection (ALARA); 

� Radiological measurements; 

� Emergency plans; 

� Management of safety; 

� Radiological protection procedures and instructions; 

� Justification of safety for workers and public; 

� Physical security and material control. 
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3. Decommissioning plans for ETRR-1 reactor 
A decommissioning plan is required for each of the research reactors. The development of the plan 
will take considerable time and resources. A proposal for developing and implementing a plan for 
decommissioning of the ETRR-1 is illustrated in Figure.1:  

4. Decommissioning plan for ETRR-2 
ETRR-2 was designed and is being operated with safe and easy decommissioning in mind. Currently it 
is planned that the deferred dismantling option will be chosen for this reactor. 

The activities that will be performed during the ETRR-2 decommissioning include:  

� Removal of the fuel from the reactor core and the site;  

� Transport of the generated waste to repositories; 

� Removal of contaminated coolants and other readily removable contaminated material; 

� Sealing of systems that contain radioactive material; 

� Removal from service all ancillary non-essential systems; 

� Control of access to the reactor site; 

� Regular surveillance of radiological and physical state of the site during deferral period; 

� Regular environmental monitoring; 

� Release of unrestricted use of materials;  

� Decontamination of the contaminated areas; 

� Removal and/or decontamination of material/equipment in which radioactivity present above 
the authorized limits.   

5. Radiation protection during decommissioning  
The instructions and work procedures for decommissioning will include: 

� Personnel control; 

� Dose assessment of dose and estimation of doses during specific tasks; 

� Appropriate monitoring on and off site; 

� Decontamination of personnel/equipment/structure; 

� Environmental radiological surveillance both on and off site; 

� Detecting and recording releases of radioactive material; 

� Radiation monitoring of components and material during their disassembly, packing, 
transportation and storage; 

� Recording the inventory of radiation sources. 

Decommissioning activities that may expose personnel to radiation should be planned, supervised, and 
executed so that these activities are justified, dose to personnel is below prescribed limits and the 
radiological practices are optimized. The ALARA principle will be applied to the decommissioning 
proposed plan for decommissioning of the ETRR-2 Reactor is shown in Figure 2. Figure 1. Flow chart for a decommissioning project. 

Initial/Ongoing and Final Planning

Decision To Decommission

Initial Preparations
(e.g. Organization/Administration, Quality Assurance

And Training)

Facility Characterization

Select Decommissioning Option
And End State Objective

Prepare Decommissioning Plan

Regulatory approval

Decommissioning Implementation

Final Radiation Survey

Prepare Final Reports

Completion Of Decommissioning

(Feedback)

(Feedback)

Athens - Book of Contributed Papers A4.indd   148 2006-11-06   13:23:32



149

3. Decommissioning plans for ETRR-1 reactor 
A decommissioning plan is required for each of the research reactors. The development of the plan 
will take considerable time and resources. A proposal for developing and implementing a plan for 
decommissioning of the ETRR-1 is illustrated in Figure.1:  

4. Decommissioning plan for ETRR-2 
ETRR-2 was designed and is being operated with safe and easy decommissioning in mind. Currently it 
is planned that the deferred dismantling option will be chosen for this reactor. 

The activities that will be performed during the ETRR-2 decommissioning include:  

� Removal of the fuel from the reactor core and the site;  

� Transport of the generated waste to repositories; 

� Removal of contaminated coolants and other readily removable contaminated material; 

� Sealing of systems that contain radioactive material; 

� Removal from service all ancillary non-essential systems; 

� Control of access to the reactor site; 

� Regular surveillance of radiological and physical state of the site during deferral period; 

� Regular environmental monitoring; 

� Release of unrestricted use of materials;  

� Decontamination of the contaminated areas; 

� Removal and/or decontamination of material/equipment in which radioactivity present above 
the authorized limits.   

5. Radiation protection during decommissioning  
The instructions and work procedures for decommissioning will include: 

� Personnel control; 

� Dose assessment of dose and estimation of doses during specific tasks; 

� Appropriate monitoring on and off site; 

� Decontamination of personnel/equipment/structure; 

� Environmental radiological surveillance both on and off site; 

� Detecting and recording releases of radioactive material; 

� Radiation monitoring of components and material during their disassembly, packing, 
transportation and storage; 

� Recording the inventory of radiation sources. 

Decommissioning activities that may expose personnel to radiation should be planned, supervised, and 
executed so that these activities are justified, dose to personnel is below prescribed limits and the 
radiological practices are optimized. The ALARA principle will be applied to the decommissioning 
proposed plan for decommissioning of the ETRR-2 Reactor is shown in Figure 2. Figure 1. Flow chart for a decommissioning project. 

Initial/Ongoing and Final Planning

Decision To Decommission

Initial Preparations
(e.g. Organization/Administration, Quality Assurance

And Training)

Facility Characterization

Select Decommissioning Option
And End State Objective

Prepare Decommissioning Plan

Regulatory approval

Decommissioning Implementation

Final Radiation Survey

Prepare Final Reports

Completion Of Decommissioning

(Feedback)

(Feedback)

Athens - Book of Contributed Papers A4.indd   149 2006-11-06   13:23:32



150

Figure 2. Decommissioning plan of ETRR-2 Reactor. 
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Abstract: The processing of monazite ore in Brazil, to extract rare earth oxides, gave rise to both (i) a 
by-product which consists of a concentrate of nuclear material with ca. 2% of U3O8, and 20% of ThO2, and (ii) a 
radioactive waste containing mainly 228Ra. Further processing of rare earth chlorides, to break it up into its 
several element compounds, was conducted in a facility built in the Interlagos industrial district of São Paulo, 
named USIN. At the very beginning of the use of the site, during transport and interim storage operations, some 
contamination of the soil occurred. It is worth mentioning that the site encompasses an expensive area of about 
60,000 m² in the most densely populated Brazilian city – São Paulo. After the interruption of the production of 
rare earth compounds in Brazil, the Interlagos facility, USIN, was converted into a shed to temporary store the 
TENORM materials and radioactive waste produced in the monazite processing cycle. However, the owner of 
the site, the Brazilian Nuclear Industries, INB, plans to decontaminate the area and also, if politically possible, to 
remove all the stored material in the USIN facility to release the whole site for unrestricted use. The Brazilian 
Nuclear Energy Commission, CNEN, is establishing the requirements for the site decontamination process, 
which could involve the transfer to a different site, after commissioning of the new storage facility, of the 
already stored radioactive material and the radioactive material that will arise from the decontamination 
operation. Furthermore, the decommissioning of USIN will require the decontamination of the building and 
sumps, if applicable, the excavation and removal of contaminated soil and the restoration of the area. A 
regulatory guide was provided to the operator in order to ensure that all the necessary and regulatory steps will 
be accomplished during the decontamination process. In the paper article, a simple yet conservative model, is 
proposed to guide the establishment, by the Regulatory Authority, CNEN, of activity concentration limits for 
soil, in order to allow the release of the USIN site for unrestricted use. 

1. Introduction 
The decommissioning of the Brazilian monazite processing facility, USAM, was conducted during a 
period of 5 years and followed by the unconditional release of that site in January 1999. The nuclear 
material and radioactive waste from this activity was transferred to a different site, in the same city of 
São Paulo, where a former rare earth separation facility, USIN was located.  The USIN facility 
stopped operation in 1992. By-product material, consisting of ca. 2% of U3O8 and 20% of ThO2
concentrate, together with waste containing mainly 228Ra, both stored at USAM, as well as all the 
radioactive waste generated by the decommissioning activities were transported to USIN and stored in 
a compartmented shed.  

2. Background 
The Interlagos Facility, USIN, consisted of 3 sheds constructed in an expensive area of 60,000 m2,
located in an urban industrial district of the city of São Paulo, belonging to the same company that 
owned USAM, the Brazilian Nuclear Industries, INB. The existing sheds at USIN were originally used 
to store minerals and residues from processing of minerals. The shed named “A” was equipped to 
process rare earth compounds using solvent extraction techniques. 

The above mentioned facility was not controlled by CNEN, the Brazilian Regulatory Body, because 
the process of rare earths separation was not supposed to contain, in principle, radioactive elements, 
since all radionuclides were expected to be removed from the rare earth elements in previous stages of 
the extraction process conducted at USAM. However, since light mineral fractions with activity 
concentrations of 170-340 Bq/g were used at the site as backfill [1] and due to a leakage of some 
stored material at USIN, radioactive contamination of the area surrounding the shed “A”, as well as of 
the sub-surface water, was detected. This contamination implied the involvement of CNEN to ensure 
measures were adopted to avoid any radiological impact on the environment and to provide 
surveillance concerning the recovery of the contaminated site. 

Athens - Book of Contributed Papers A4.indd   152 2006-11-06   13:23:43



153

IAEA-CN-143/18 

Strategy for decommissioning of a TENORM 

M.H. Magalhães, A.M. Xavier, J.P. Guerrero, A. Mezrahi 

Brazilian Nuclear Energy Commission, 
Rio de Janeiro, 
Brazil 
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be accomplished during the decontamination process. In the paper article, a simple yet conservative model, is 
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1. Introduction 
The decommissioning of the Brazilian monazite processing facility, USAM, was conducted during a 
period of 5 years and followed by the unconditional release of that site in January 1999. The nuclear 
material and radioactive waste from this activity was transferred to a different site, in the same city of 
São Paulo, where a former rare earth separation facility, USIN was located.  The USIN facility 
stopped operation in 1992. By-product material, consisting of ca. 2% of U3O8 and 20% of ThO2
concentrate, together with waste containing mainly 228Ra, both stored at USAM, as well as all the 
radioactive waste generated by the decommissioning activities were transported to USIN and stored in 
a compartmented shed.  

2. Background 
The Interlagos Facility, USIN, consisted of 3 sheds constructed in an expensive area of 60,000 m2,
located in an urban industrial district of the city of São Paulo, belonging to the same company that 
owned USAM, the Brazilian Nuclear Industries, INB. The existing sheds at USIN were originally used 
to store minerals and residues from processing of minerals. The shed named “A” was equipped to 
process rare earth compounds using solvent extraction techniques. 

The above mentioned facility was not controlled by CNEN, the Brazilian Regulatory Body, because 
the process of rare earths separation was not supposed to contain, in principle, radioactive elements, 
since all radionuclides were expected to be removed from the rare earth elements in previous stages of 
the extraction process conducted at USAM. However, since light mineral fractions with activity 
concentrations of 170-340 Bq/g were used at the site as backfill [1] and due to a leakage of some 
stored material at USIN, radioactive contamination of the area surrounding the shed “A”, as well as of 
the sub-surface water, was detected. This contamination implied the involvement of CNEN to ensure 
measures were adopted to avoid any radiological impact on the environment and to provide 
surveillance concerning the recovery of the contaminated site. 
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After the end of the operational activities at USIN, two of the sheds were demolished and the 
remaining one, shed “A”, with an area of 2060 m2, started to be refurbished in 1993 to receive the 
nuclear materials and radioactive waste from USAM.   

In 1995, the Environmental Agency of the State of São Paulo (CETESB), authorized the transfer of all 
the stored radioactive material, including the waste generated during the decommissioning activities at 
USAM, to shed “A”. It is important to point out that the uranium and thorium concentrate in storage is 
considered by the Brazilian Legislation to be a nuclear material because it can be used as raw material 
for the production of nuclear fuel, when economically and technologically viable; therefore, this 
storage facility is considered to be a nuclear facility under regulatory control by CNEN. In this same 
year, the Radioprotection and Dosimetry Institute of CNEN implemented, along with INB, a 
monitoring control programme at USIN by means of joint collection and analysis of surface and 
ground water samples at several points inside the facility and at the surrounding fence, including a 
neighbouring creek. The purpose of this programme was to conduct follow up studies concerning the 
migration of radionuclides.  

3. Storage facility and site contamination at USIN 
Shed “A” (Figure 1), was refurbished to meet the regulatory requirements established for a radioactive 
storage facility, by treating the walls and floor with impermeable paint. The shed currently stores the 
material listed in Table 1. 

Figure 2 gives a partial view of the radioactive material and waste under storage at USIN.  

Activity concentrations up to 33,000 Bq of 228Ra per kg of soil and 6500 Bq of 226Ra per kg of soil 
have been reported at the site[1].  
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Figure 1. Sketch of materials stored in shed “A” and average dose rates. 

Table 1 Materials stored at Interlagos facility, USIN
MATERIAL QUANTITY 

(metric ton) 
REMARKS

Thorium and uranium 
hydroxide 

591 3,283 plastic packages of 100 litres each 

Tri-sodium phosphate 107 829 plastic packages of 100 litres each 

Mesothorium (barium and 
radium sulphate, PbS, BaSO4, 
activated carbon, water)  

80
760 metallic drums of 50 litres each 
conditioned within plastic packages of 100 
litres each. 

mineral fractions from  
monazite processing 

7 3 metal boxes of 1 cubic meter each 

contaminated debris from 
decommissioning of USAM 

171 1594 plastic packages of 100 litres each 
stored within 13 maritime containers 

contaminated soil from USIN ~50 170 drums of 200 litres each 

Figure 2. Partial view of radioactive material and waste stored at USIN. 

4. The decommissioning process of USIN 
A judicial agreement signed in 1991 between the Public Ministry of the State of São Paulo and the 
Operator of both USAM and USIN [2], foresaw the decontamination of the USIN site, after the 
decommissioning of the monazite processing facility, USAM. To this end, CNEN required the 
submission of a decontamination plan by the operator and performs regular inspections at this storage 
site.

According to the Brazilian regulation on waste management in medical, industrial and research and 
facilities [4], waste with activity concentrations not greater than 74 Bq/g can be sent to municipal 
landfills for final disposal. This criterion would allow most of the slightly contaminated soil removed 
from the site to be sent to a landfill, as there are at least four nearby sanitary landfills in São Paulo city 
that could receive this material. However, the mentioned legislation applies to small quantities of 
radioactive materials only.  

In spite of the fact that radioactivity levels in the site are below the recommended intervention and 
action levels established in the Brazilian Radiation Protection Regulation [3], according to [1], an 
intervention would be the recommended approach to reduce potential doses to the public and to 
decrease public anxiety. 

A simple model was used to estimate radiation doses to the public, considering a value of 600 Bq/kg 
in the residual soil, which was the same level of activity concentration adopted for the 
decommissioning of USAM. It is assumed that the site will be release for   unrestricted use. 

5. The source term and the geosphere model 
The source term considered in this model is based on an annual leaching fraction of the radioactive 
material in the soil and considers that all the water which enters the site penetrates the geosphere, 
resulting in the following water concentration entering the aquifer below the site:  

C(t)= {A0/ [(mt(��/�b+ Kd )]}e –(�+ALF)t      (1) 
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After the end of the operational activities at USIN, two of the sheds were demolished and the 
remaining one, shed “A”, with an area of 2060 m2, started to be refurbished in 1993 to receive the 
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Shed “A” (Figure 1), was refurbished to meet the regulatory requirements established for a radioactive 
storage facility, by treating the walls and floor with impermeable paint. The shed currently stores the 
material listed in Table 1. 
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Figure 1. Sketch of materials stored in shed “A” and average dose rates. 

Table 1 Materials stored at Interlagos facility, USIN
MATERIAL QUANTITY 

(metric ton) 
REMARKS

Thorium and uranium 
hydroxide 

591 3,283 plastic packages of 100 litres each 

Tri-sodium phosphate 107 829 plastic packages of 100 litres each 

Mesothorium (barium and 
radium sulphate, PbS, BaSO4, 
activated carbon, water)  

80
760 metallic drums of 50 litres each 
conditioned within plastic packages of 100 
litres each. 

mineral fractions from  
monazite processing 

7 3 metal boxes of 1 cubic meter each 

contaminated debris from 
decommissioning of USAM 

171 1594 plastic packages of 100 litres each 
stored within 13 maritime containers 

contaminated soil from USIN ~50 170 drums of 200 litres each 

Figure 2. Partial view of radioactive material and waste stored at USIN. 

4. The decommissioning process of USIN 
A judicial agreement signed in 1991 between the Public Ministry of the State of São Paulo and the 
Operator of both USAM and USIN [2], foresaw the decontamination of the USIN site, after the 
decommissioning of the monazite processing facility, USAM. To this end, CNEN required the 
submission of a decontamination plan by the operator and performs regular inspections at this storage 
site.

According to the Brazilian regulation on waste management in medical, industrial and research and 
facilities [4], waste with activity concentrations not greater than 74 Bq/g can be sent to municipal 
landfills for final disposal. This criterion would allow most of the slightly contaminated soil removed 
from the site to be sent to a landfill, as there are at least four nearby sanitary landfills in São Paulo city 
that could receive this material. However, the mentioned legislation applies to small quantities of 
radioactive materials only.  

In spite of the fact that radioactivity levels in the site are below the recommended intervention and 
action levels established in the Brazilian Radiation Protection Regulation [3], according to [1], an 
intervention would be the recommended approach to reduce potential doses to the public and to 
decrease public anxiety. 

A simple model was used to estimate radiation doses to the public, considering a value of 600 Bq/kg 
in the residual soil, which was the same level of activity concentration adopted for the 
decommissioning of USAM. It is assumed that the site will be release for   unrestricted use. 

5. The source term and the geosphere model 
The source term considered in this model is based on an annual leaching fraction of the radioactive 
material in the soil and considers that all the water which enters the site penetrates the geosphere, 
resulting in the following water concentration entering the aquifer below the site:  

C(t)= {A0/ [(mt(��/�b+ Kd )]}e –(�+ALF)t      (1) 
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where: 

A0 is the total initial activity, in Bq  

mt is the total mass, in kg  

��, the kinematics porosity or the moisture content, taken as 0.3; 

�b, the dry bulk density of the soil, taken as 1600 kg/m3;

Kd, the distribution coefficient, taken as 9 m3/kg. 

The annual leaching fraction (ALF) is the ratio of the activity lost by leaching during the year t is 
expressed as:  

)K( dbdH
InfALF

��� �
�

     (2) 
where: 

Inf, the annual infiltration rate, taken as 2 m/y; 

Hd, the depth of soil height, taken as 1m; 

Since A0/mt was taken as 600 Bq/kg, for unrestrictive use of the site, and when t = 0 the concentration 
is:

C(0)= 600 /(0.30/1600 +9) Bq/m3 = 67 Bq/m³                 (3) 

5.1. Dose due to ingestion of water 
Considering a dose ingestion factor for 228Ra and daughters equal to 6.9 x 10-7 Sv/Bq, [6], a daily water 
ingestion of 2 litres will result in a total annual dose of: 

D= 67 Bq/m³ x 0.002 m³/day x 6.9 x 10-7 Sv/Bq x 2000= 1.8 x 10-4 Sv = 0.18 mSv        (4) 

5.2. Dose due to inhalation of dust 
To estimate the inhalation risk due to re-suspension of contaminated soil, a re-suspension factor (RF), 
of 10-7 m-1 [7] is adopted, which is a conservative factor when a superficial layer of 0 - 2 cm of soil is 
considered. The re-suspension value of 30 kg/m2 can be used to estimate the air concentration, Cair
(Bq/m3), due to a soil superficial concentration Cs [7], as follows: 

Cair (Bq/m3)= RF x Cs =10-7 m-1 x (600 Bq/kg x 30 kg/m2) = 1.8 x 10-3 Bq/m3          (5)

Considering a normal breathing rate of 1.0 m3/h, dose breathing factor [7] and an occupation rate of 
2000 hours per year, the annual dose due to inhalation is: 

Dmax = 1.8 x 10-3 x 0.3 x 2000 x 1.6 x 10-5 = 0.017 mSv                 (6) 

5.3. Dose due to external gamma radiation 
Figure 3 shows the estimated external gamma dose rate at 1 m from contaminated soil that has 600 
Bq/kg of 228 Ra in secular equilibrium with its daughters.  

Supposing that an individual spends 2000 hours per year outside a house built on the site, an 
approximate annual dose of 0.22 mSv is expected. This value is less than the typical annual dose 
constraint of 0.3 mSv adopted internationally as an upper bound on the optimisation process of annual 
doses to the public from the planned operation of any controlled source. 

Figure 3. External dose rate, in mS/h, at 1 m from soil with 600 Bq/g of 228 Ra and daughters. 

6. Further considerations and conclusion 
The company responsible for the USIN site was compelled by Judicial and other Authorities to find 
another site to store the radioactive waste and nuclear material, specially considering that the facility is 
located in a very populous region in the City of São Paulo.  

Due to the absence of a waste disposal facility in Brazil, and keeping in mind the political and social 
aspects involved in the transfer to a different facility of both the radioactive material under storage and 
the waste generated during the decontamination process, the best approach could be to initially 
cleanup the contaminated site, condition the generated waste and temporally store it into the existing 
shed. In a second step, the licensing process of a new storage facility should be initiated, taking into 
account the safety requirements established by Brazilian Regulatory Authorities.  

It has been show in this paper that the dose calculated by means of a simple model based on scenarios 
of inhalation of dust, ingestion of water and gamma external exposure, shows that a remaining 
contamination in soil of 600 Bq per kg of 228Ra and daughters could present both a significant water 
ingestion and external radiation contributions. Nevertheless, all contributions should be better 
evaluated, in order to take into account some other parameters not considered in this work.  

It must be pointed out that the water ingestion scenario considers that an individual is drinking water 
with the leaching concentration as it enters the aquifer, without any dilution. 

Regarding the gamma external dose, it was shown that the annual dose, after cleanup of the site, would 
be of the order of 0.22 mSv, i.e., a value less than the typical annual dose constraint of 0.3 mSv 
adopted internationally.  
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where: 

A0 is the total initial activity, in Bq  

mt is the total mass, in kg  

��, the kinematics porosity or the moisture content, taken as 0.3; 
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Kd, the distribution coefficient, taken as 9 m3/kg. 
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The company responsible for the USIN site was compelled by Judicial and other Authorities to find 
another site to store the radioactive waste and nuclear material, specially considering that the facility is 
located in a very populous region in the City of São Paulo.  

Due to the absence of a waste disposal facility in Brazil, and keeping in mind the political and social 
aspects involved in the transfer to a different facility of both the radioactive material under storage and 
the waste generated during the decontamination process, the best approach could be to initially 
cleanup the contaminated site, condition the generated waste and temporally store it into the existing 
shed. In a second step, the licensing process of a new storage facility should be initiated, taking into 
account the safety requirements established by Brazilian Regulatory Authorities.  

It has been show in this paper that the dose calculated by means of a simple model based on scenarios 
of inhalation of dust, ingestion of water and gamma external exposure, shows that a remaining 
contamination in soil of 600 Bq per kg of 228Ra and daughters could present both a significant water 
ingestion and external radiation contributions. Nevertheless, all contributions should be better 
evaluated, in order to take into account some other parameters not considered in this work.  

It must be pointed out that the water ingestion scenario considers that an individual is drinking water 
with the leaching concentration as it enters the aquifer, without any dilution. 

Regarding the gamma external dose, it was shown that the annual dose, after cleanup of the site, would 
be of the order of 0.22 mSv, i.e., a value less than the typical annual dose constraint of 0.3 mSv 
adopted internationally.  
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Abstract. Unit 1 at the Ignalina NPP was shutdown at the end of 2004 and the preparation for 
decommissioning is on going. A General Radiological Characterization Program has been developed during 
2005-2006. In parallel, a historical assessment of the radiological situation at Unit 1 and the Ignalina NPP site 
has also been initiated as the first stage of the implementation of the General Radiological Characterization 
Program. Information on the incidents and possible related contamination was analyzed and systematized. 
Available information from the measurements and modeling of the contamination of the equipment and rooms 
was collected and analyzed. In the paper, the detailed information on the approach and the results of the 
historical assessment of the radiological situation at Unit 1 is presented. 

1. Introduction 
There is only one nuclear power plant in Lithuania – Ignalina NPP. Two similar units with installed 
capacity of 1500 MW (each) were commissioned in 12/1983 and 08/1987 respectively. The original 
design lifetime was projected out to 2010-2015. But the first Unit of the Ignalina NPP was shut down 
in December 31, 2004, and the second Unit will be shut down before 2010 taking into consideration 
substantial long-term financial assistance from the EU, G7 and other states, as well as international 
institutions. 

In relation with Unit 1 decommissioning, in 2001 the Government of Lithuania approved the Ignalina 
NPP Unit 1 Decommissioning Program until year 2005. According to this program implementation of 
new technologies for treatment and conditioning of radioactive waste, construction of the interim dry 
storage facility for spent nuclear fuel and preparation of the licensing documents for decommissioning 
of the Unit 1 and some other projects were implemented or are under implementation. A new 
Decommissioning Program for the year 2005-2009 was approved in 2005.  This new plan reflects the 
tasks that are already being implemented but also the new ones such as the preparation for the 
dismantling of the equipment and some dismantling activities. 

A General Radiological Characterization Program for the Ignalina NPP was prepared in 2005-2006 
and delivered to the Regulatory Bodies for approval. It includes such main steps as a historical site 
assessment; scoping, characterization, remedial actions support/decontamination surveys; and final 
survey. Activities on the decommissioning radiological characterization are based on known nuclide 
vectors, so the methodology for determining these nuclide vectors is also included in the General 
Radiological Characterization Program. The General Radiological Characterization Program was 
developed by a Consortium led by Lithuanian Energy Institute, and is based on NUREG-1575 [1]. 
This paper describes the implementation of the first stage of the General Radiological Characterization 
Program – A Historical Site Assessment of Ignalina NPP. 

2. Regulatory requirements 
The main requirements for the radiological characterization during decommissioning of the Ignalina 
NPP are defined in the State Nuclear Power Safety Inspectorate (VATESI) document VD-EN-01-
99[2]. It indicates that when collecting the reference data for the decommissioning project, the 
operator must investigate and describe the current status of the Ignalina NPP. The description should 
include an inventory of parts of the facility (geographical and system-related), of plant buildings; 
residual activity;local activity distribution in buildings, structures, systems and components; the type 
of contamination; dose distribution in Ignalina NPP (radiological protection map) and an inventory of 
hazardous material (inflammable, toxic, etc.). Decommissioning residues can be cleared if their 
radioactive contamination level is below the unconditional clearance levels prescribed by government 
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Program. Information on the incidents and possible related contamination was analyzed and systematized. 
Available information from the measurements and modeling of the contamination of the equipment and rooms 
was collected and analyzed. In the paper, the detailed information on the approach and the results of the 
historical assessment of the radiological situation at Unit 1 is presented. 

1. Introduction 
There is only one nuclear power plant in Lithuania – Ignalina NPP. Two similar units with installed 
capacity of 1500 MW (each) were commissioned in 12/1983 and 08/1987 respectively. The original 
design lifetime was projected out to 2010-2015. But the first Unit of the Ignalina NPP was shut down 
in December 31, 2004, and the second Unit will be shut down before 2010 taking into consideration 
substantial long-term financial assistance from the EU, G7 and other states, as well as international 
institutions. 

In relation with Unit 1 decommissioning, in 2001 the Government of Lithuania approved the Ignalina 
NPP Unit 1 Decommissioning Program until year 2005. According to this program implementation of 
new technologies for treatment and conditioning of radioactive waste, construction of the interim dry 
storage facility for spent nuclear fuel and preparation of the licensing documents for decommissioning 
of the Unit 1 and some other projects were implemented or are under implementation. A new 
Decommissioning Program for the year 2005-2009 was approved in 2005.  This new plan reflects the 
tasks that are already being implemented but also the new ones such as the preparation for the 
dismantling of the equipment and some dismantling activities. 

A General Radiological Characterization Program for the Ignalina NPP was prepared in 2005-2006 
and delivered to the Regulatory Bodies for approval. It includes such main steps as a historical site 
assessment; scoping, characterization, remedial actions support/decontamination surveys; and final 
survey. Activities on the decommissioning radiological characterization are based on known nuclide 
vectors, so the methodology for determining these nuclide vectors is also included in the General 
Radiological Characterization Program. The General Radiological Characterization Program was 
developed by a Consortium led by Lithuanian Energy Institute, and is based on NUREG-1575 [1]. 
This paper describes the implementation of the first stage of the General Radiological Characterization 
Program – A Historical Site Assessment of Ignalina NPP. 

2. Regulatory requirements 
The main requirements for the radiological characterization during decommissioning of the Ignalina 
NPP are defined in the State Nuclear Power Safety Inspectorate (VATESI) document VD-EN-01-
99[2]. It indicates that when collecting the reference data for the decommissioning project, the 
operator must investigate and describe the current status of the Ignalina NPP. The description should 
include an inventory of parts of the facility (geographical and system-related), of plant buildings; 
residual activity;local activity distribution in buildings, structures, systems and components; the type 
of contamination; dose distribution in Ignalina NPP (radiological protection map) and an inventory of 
hazardous material (inflammable, toxic, etc.). Decommissioning residues can be cleared if their 
radioactive contamination level is below the unconditional clearance levels prescribed by government 
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authorities. When specifying conditional clearance levels, it must be demonstrated that the recycling 
or processing of the decommissioning residues or their disposal in the proposed manner will not result 
in an individual dose rate in the critical group exceeding 10 �Sv per year, and that the collective dose 
rate will remain below 1 man Sv per year. 

The Lithuanian Hygiene Standard HN 87:2002 [3] defines the requirements for radiation protection of 
workers of the nuclear facilities and for radiation protection of members of the general public during 
the operation and decommissioning of nuclear facilities. The VATESI document VD-RA-01-2001 [4] 
defines the requirements on pre-disposal management of radioactive waste at the nuclear power plant, 
their classification and segregation into streams. Generic waste acceptance criteria for near-surface 
waste disposal are defined in the VATESI document �-2003-01 [5]. Preliminary activity limits for the 
packages of cemented radioactive waste (typical waste) are justified in the document [6]. Waste 
acceptances requirements for disposal of very low-level waste are defined in the VATESI document P-
2003-02 [7]. 

The recommendations on waste clearance are presented in IAEA Safety Guide RS-G-1.7 [8]. The 
comparison of unconditional clearance levels for some radionuclides of artificial origin in bulk 
compared to waste clearance limits defined in Lithuanian document LAND-34-2000 [9] is presented 
in Figure 1. 
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Figure 1. The comparison of unconditional clearance levels for some radionuclides of artificial origin 
in bulk. 

As it can be seen from Fig. 1, Lithuanian specific activity limits (LAND 34-2000) are larger or equal 
to the values recommended by IAEA (RS-G-1.7) except for Np-237 and Cm-244. IAEA has 
established more strict recommendations for clearance levels as their application is foreseen for more 
general cases than for one country specific case. The document LAND 34-2000 was prepared for more 
specific Lithuanian conditions. 

3. Approach to historical site assessment of Ignalina NPP 
The Ignalina NPP is located close to the borders of Belarus and Latvia. The plant is built on the 
southern shore of lake Druksiai. The nearest cities to the plant are Vilnius which is 130 km away with 
over 576,400 inhabitants, and Daugavpils in Latvia which is 30 km away with 126,000 inhabitants. 
The city of Visaginas is six km from the plant with about 33,600 inhabitants, and the residence of the 
Ignalina NPP personnel. The site of the Ignalina NPP covers an area of about 0.75 km2. The buildings 
take up about 0.22 km2. 

The general arrangement of the main building (101/1) of Unit 1 is presented in Fig. 2. 
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Figure 2. General arrangement of the main building (101/1) of Unit 1. A1 – reactor block; B1 – 
demineralized water treatment facility of the Main Circulation Circuit; V1 – reactor gas circuit and 
special venting system; G1 – turbine hall; D1 – control, electrical and deaerator rooms; D0 – heating 
and fire fighting facilities. 

The analysis of Ignalina NPP equipment has shown that different materials have been used: metal, 
sand, serpentinite, plastic, graphite, thermal insulation, wood, asbestos, etc. Computer code DECOM 
developed at Lithuanian Energy Institute was used to process the results on analysis of materials used. 
During equipment dismantling metals (stainless steel, cast iron, zirconium, copper, lead and 
aluminium) will dominate (about 83 %) in the mass stream (Fig. 3). Different materials used can 
require different approach when performing radiological measurements for release from the regulatory 
control. 

Metal  83 %

Plastic 3 %
Serpentinite 4 %

Sand 5 %

Thermal insulation 
1 %

Graphite 3 %

Wood 1 %

Asbestos 0.001%

Figure. 3. The materials distribution by mass during equipment dismantling. 

As is indicated in the General Radiological Characterization Program of Ignalina NPP, the historical 
site assessment includes site identification, preliminary site study (collection of existing radiological 
data, personnel interviews), site reconnaissance and site assessment based on the collected historical 
data. Based on the collected information non-impacted and impacted survey units are defined. After 
that initial classification of the impacted survey units is performed – they are classified as Class 1, 
Class 2 or Class 3 survey units. 

Class 1 survey units are the units with the highest potential for contamination, and meet the following 
criteria: 

� Impacted; 

� Potential for delivering a dose above the release criterion; 

� Potential for small areas of elevated activity; 
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authorities. When specifying conditional clearance levels, it must be demonstrated that the recycling 
or processing of the decommissioning residues or their disposal in the proposed manner will not result 
in an individual dose rate in the critical group exceeding 10 �Sv per year, and that the collective dose 
rate will remain below 1 man Sv per year. 

The Lithuanian Hygiene Standard HN 87:2002 [3] defines the requirements for radiation protection of 
workers of the nuclear facilities and for radiation protection of members of the general public during 
the operation and decommissioning of nuclear facilities. The VATESI document VD-RA-01-2001 [4] 
defines the requirements on pre-disposal management of radioactive waste at the nuclear power plant, 
their classification and segregation into streams. Generic waste acceptance criteria for near-surface 
waste disposal are defined in the VATESI document �-2003-01 [5]. Preliminary activity limits for the 
packages of cemented radioactive waste (typical waste) are justified in the document [6]. Waste 
acceptances requirements for disposal of very low-level waste are defined in the VATESI document P-
2003-02 [7]. 

The recommendations on waste clearance are presented in IAEA Safety Guide RS-G-1.7 [8]. The 
comparison of unconditional clearance levels for some radionuclides of artificial origin in bulk 
compared to waste clearance limits defined in Lithuanian document LAND-34-2000 [9] is presented 
in Figure 1. 
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Figure 1. The comparison of unconditional clearance levels for some radionuclides of artificial origin 
in bulk. 

As it can be seen from Fig. 1, Lithuanian specific activity limits (LAND 34-2000) are larger or equal 
to the values recommended by IAEA (RS-G-1.7) except for Np-237 and Cm-244. IAEA has 
established more strict recommendations for clearance levels as their application is foreseen for more 
general cases than for one country specific case. The document LAND 34-2000 was prepared for more 
specific Lithuanian conditions. 

3. Approach to historical site assessment of Ignalina NPP 
The Ignalina NPP is located close to the borders of Belarus and Latvia. The plant is built on the 
southern shore of lake Druksiai. The nearest cities to the plant are Vilnius which is 130 km away with 
over 576,400 inhabitants, and Daugavpils in Latvia which is 30 km away with 126,000 inhabitants. 
The city of Visaginas is six km from the plant with about 33,600 inhabitants, and the residence of the 
Ignalina NPP personnel. The site of the Ignalina NPP covers an area of about 0.75 km2. The buildings 
take up about 0.22 km2. 

The general arrangement of the main building (101/1) of Unit 1 is presented in Fig. 2. 
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Figure 2. General arrangement of the main building (101/1) of Unit 1. A1 – reactor block; B1 – 
demineralized water treatment facility of the Main Circulation Circuit; V1 – reactor gas circuit and 
special venting system; G1 – turbine hall; D1 – control, electrical and deaerator rooms; D0 – heating 
and fire fighting facilities. 

The analysis of Ignalina NPP equipment has shown that different materials have been used: metal, 
sand, serpentinite, plastic, graphite, thermal insulation, wood, asbestos, etc. Computer code DECOM 
developed at Lithuanian Energy Institute was used to process the results on analysis of materials used. 
During equipment dismantling metals (stainless steel, cast iron, zirconium, copper, lead and 
aluminium) will dominate (about 83 %) in the mass stream (Fig. 3). Different materials used can 
require different approach when performing radiological measurements for release from the regulatory 
control. 

Metal  83 %

Plastic 3 %
Serpentinite 4 %

Sand 5 %

Thermal insulation 
1 %

Graphite 3 %

Wood 1 %

Asbestos 0.001%

Figure. 3. The materials distribution by mass during equipment dismantling. 

As is indicated in the General Radiological Characterization Program of Ignalina NPP, the historical 
site assessment includes site identification, preliminary site study (collection of existing radiological 
data, personnel interviews), site reconnaissance and site assessment based on the collected historical 
data. Based on the collected information non-impacted and impacted survey units are defined. After 
that initial classification of the impacted survey units is performed – they are classified as Class 1, 
Class 2 or Class 3 survey units. 

Class 1 survey units are the units with the highest potential for contamination, and meet the following 
criteria: 

� Impacted; 

� Potential for delivering a dose above the release criterion; 

� Potential for small areas of elevated activity; 
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� Insufficient evidence to support reclassification as Class 2 or Class 3. 

Class 2 survey units are the units that meet the following criteria: 

� Impacted; 

� Low potential for delivering a dose above the release criterion; 

� Little or no potential for small areas of elevated activity; 

Class 3 survey units are the units that meet the following criteria: 

� Impacted; 

� Little or no potential for delivering a dose above the release criterion; 

� Little or no potential for small areas of elevated activity. 

In the case of the Ignalina NPP, the site location and legal owner are known. It was necessary only to 
specify the boundaries. This investigation served to collect readily available information concerning 
the facility or site and its surroundings. Interviews with current or previous employees are performed 
to collect first-hand information about the site and to verify or clarify information gathered from 
existing records. 

4. Analysis of incidents and their radiological consequences 
The analysis of reports on the incidents at Ignalina NPP Unit 1 during the period of 1984-2005 has 
been performed. It was defined that during some incidents in the buildings and installations it is 
possible to expect residual contamination in the rooms. Analysis of distribution of the incidents in the 
blocks of the building 101/1 revealed, that about 87 % of incidents occurred in the reactor block A1, in 
the blocks G1 and D1 – about 5.4 % and 6.5 % respectively, and in the block V1 – about 1 %. As it 
could be seen from Fig. 4, the major part of room contamination was determined by the leakage of 
circulating water – about 78 %, by steaming – about 13 %, and by the drop of equipment – about 5 %. 
The other ways of contamination (releases into the ventilation system, etc.) is about 4 %. 

Interviews with current or previous employees who worked during the period 1983-2005 were also 
performed. The shift supervisors and principal engineers of the Reactor and Radiation Protections 
Departments were interviewed. 

Water leakage
78 %

Others
4 %

Steaming
13 %Drop of 

equipment
5 %

Figure 4. The distribution of the incidents in building 101/1. 

5. Analysis of the radiological situation 
The analysis of existing information on radiological contamination of the rooms and equipment, and 
also on radiological characteristics of the radioactive waste has been performed. It was revealed that 
systematic information on radioactive waste characterization, measurements of the radiological 
situation in the rooms, and measurements of the radiological characteristics of the systems and 
equipment is still missing. 

At the moment three nuclide vectors (NV) are defined for Ignalina NPP operational waste: for 
cemented spent resins and perlite (to be disposed of in the planned new near surface repository), 
bituminized waste and industrial waste (preliminary NV). 

There are some modeling results for the most contaminated systems that were presented in [10]. These 
results together with simplified activation analysis data were used in the Final Decommissioning Plan 
for splitting of the decommissioning waste into the streams and generating initial proposals on 
possible nuclide vectors. In total five nuclide vectors were proposed for operational and 
decommissioning waste. 

During this historical radiological characterization additional analysis of very limited data on 
measurements in different category rooms was performed. It was revealed that ratio 60Co/137Cs is very 
close for 2 and 3 category rooms, and it is higher for category 1 rooms. Also analysis of the 
measurements of the group 3 waste collected from different rooms in 2001 have been performed. It 
was revealed that most radioactivity is concentrated in the filters. The ratio 60Co/137Cs is very close to 
the ratio defined for the industrial waste (preliminary NV). After the performed analysis, eight 
preliminary decommissioning waste streams (groups) with characteristic ratio 60Co/137Cs were 
proposed. These groups are presented according to descending average value of the ratio. The largest 
value of the ratio 60Co/137Cs is for the metal waste of the group 3 (activated metals). The smallest value 
is for the bituminized waste. 

It was concluded that at the moment there is not enough information to define exactly the number of 
the nuclide vectors required to characterize the decommissioning waste. It was proposed to do this 
after detailed analysis of the systems during preparation of the Detailed Radiological Characterization 
Programs for the separate buildings (blocks). The preparation of such programs is under way for the 
blocks G1 and V1, and the building 117/1. 

The analysis of existing information on the radiological contamination of the Ignalina NPP territory 
(surface contamination, subsurface contamination, the contamination of surface and subsurface water 
and releases into the atmosphere) was also performed but analysis of the results is not in the scope of 
this paper. 

6. Preliminary radiological classification for clearance 
As is indicated in the General Radiological Characterization Program of the Ignalina NPP, the 
classification of the territory, buildings and installations, rooms and equipment is necessary for 
planning of the scope of surveys in case of the release from regulatory control. 

First of all the buildings and installations were classified in the fenced area based on the rooms’ 
radiological categorization (inside controlled area). The buildings and installations outside controlled 
area were classified as Class 3 survey units. Some installations outside the fenced area were classified 
also as Class 3 survey units. 

Due to very limited radiological information, the preliminary classification of the rooms was based on 
the radiological categorization of the rooms. The rooms in the controlled access area (1 and 2 
category) were classified as Class 1 and the rooms of category 3 were classified as Class 2 or Class 3. 

Due to insufficient radiological data for the systems’ equipment in the controled area, it was not 
possible to make its preliminary radiological classification. This will be performed in the Detailed 
Radiological Characterization Programs for the separate buildings. 

It is necessary to stress that the performed classification is very preliminary and it will be updated 
during implementation of the General Radiological Characterization Program: for separate buildings, 
after scoping, detailed radiological surveys, etc. 
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� Insufficient evidence to support reclassification as Class 2 or Class 3. 
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Figure 4. The distribution of the incidents in building 101/1. 
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preliminary decommissioning waste streams (groups) with characteristic ratio 60Co/137Cs were 
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is for the bituminized waste. 

It was concluded that at the moment there is not enough information to define exactly the number of 
the nuclide vectors required to characterize the decommissioning waste. It was proposed to do this 
after detailed analysis of the systems during preparation of the Detailed Radiological Characterization 
Programs for the separate buildings (blocks). The preparation of such programs is under way for the 
blocks G1 and V1, and the building 117/1. 

The analysis of existing information on the radiological contamination of the Ignalina NPP territory 
(surface contamination, subsurface contamination, the contamination of surface and subsurface water 
and releases into the atmosphere) was also performed but analysis of the results is not in the scope of 
this paper. 

6. Preliminary radiological classification for clearance 
As is indicated in the General Radiological Characterization Program of the Ignalina NPP, the 
classification of the territory, buildings and installations, rooms and equipment is necessary for 
planning of the scope of surveys in case of the release from regulatory control. 

First of all the buildings and installations were classified in the fenced area based on the rooms’ 
radiological categorization (inside controlled area). The buildings and installations outside controlled 
area were classified as Class 3 survey units. Some installations outside the fenced area were classified 
also as Class 3 survey units. 

Due to very limited radiological information, the preliminary classification of the rooms was based on 
the radiological categorization of the rooms. The rooms in the controlled access area (1 and 2 
category) were classified as Class 1 and the rooms of category 3 were classified as Class 2 or Class 3. 

Due to insufficient radiological data for the systems’ equipment in the controled area, it was not 
possible to make its preliminary radiological classification. This will be performed in the Detailed 
Radiological Characterization Programs for the separate buildings. 

It is necessary to stress that the performed classification is very preliminary and it will be updated 
during implementation of the General Radiological Characterization Program: for separate buildings, 
after scoping, detailed radiological surveys, etc. 
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Abstract. The report describes consecutive steps for optimization of the Salaspils Research Reactor 
(SRR) dismantling and decommissioning (D&D) plan at three levels: 1) general strategy – managed by the 
Government, 2) detailed decommissioning planning managed by operator and competent authorities, 3) D&D 
plans for particular components – managed by operator and waste management companies. The main 
milestone at the strategic level is the 2004 Cabinet decision to modify the initial SRR D&D Concept taking 
into account the acquired experience during the preparatory stages of D&D and changed real conditions. The 
main factors affecting the D&D Concept are: a) the modified final goal of SRR D&D (from “green field” to 
“brown field”), b) delays in the spent nuclear fuel (SNF) removal, thus the need to upgrade SNF storage 
conditions, c) changes in radiological and financial conditions. The most important feature of the updated 
Concept is to accomplish only partial R D&D by upgrading existing premises for new radiation objects 
(Multipurpose National Cyclotron Facility). The main conclusion drawn during the assessment of proposed 
D&D Concept – the D&D can be accomplished in the frame of initial D&D Concept, but some modifications 
are needed in relation to the final aim of the SRR D&D. Detail instructions for optimizing of a whole set of 
conditions have been given by the completed Environmental Impact Assessment (EIA). The Environment 
State Bureau supervised the EIA process, and the output – the Final Report of EIA – included 
recommendations for the D&D optimization and upgrades of radiation safety. Further development of detailed 
tasks will be implemented during the SRR D&D licensing, the main requirements will be prescribed in 
licence conditions issued by the state regulatory authority – Radiation Safety Centre. Following steps are 
considered in the SRR D&D waste management optimisation: a) elaboration of unified approach to solid and 
liquid D&D waste processing, b) optimization of D&D waste transportation and of disposal space and c) 
socio-economic factors. 

1. Introduction 
In the last decades the decommissioning issues, in particular the choice of decommissioning 
strategy and practical management, have acquired a progressively increasing actuality and 
recognition from IAEA and other authoritative international bodies [1-4]. Recent Latvian 
experience in organization of Salaspils Research Reactor (SRR) dismantling and decommissioning 
(D&D) has led to considering novel features in the conventional conceptions of decommissioning 
strategy and planning. 

In 1999 the Cabinet of Ministers approved the Concept of SRR D&D mandating that 
decommissioning will be completed during the next ten years up to “green field”. In reality, during 
the first six years several preparatory works have been performed as well as a set of essential  
factors was identified, in particular, of radiological and financial character. Besides a novel plan of 
forthcoming use of the SRR territory and infrastructure has been proposed.  

All these circumstances have an essential impact on the original D&D concept and have 
emphasized the necessity to reconsider the initial D&D programme and, finally, to elaborate an 
update Concept of the SRR D&D. Such revision of the original D&D strategy together with the 
Environmental Impact Assessment, have contributed to formulate a set of essential requirements 
and recommendations for safe D&D works as well as for the forthcoming licensing for the SRR 
D&D. In fact, all these factors could be considered as elements of multi-step optimization of 
dismantling and decommissioning of this nuclear facility. 
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“brown field”), b) delays in the spent nuclear fuel (SNF) removal, thus the need to upgrade SNF storage 
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Concept is to accomplish only partial R D&D by upgrading existing premises for new radiation objects 
(Multipurpose National Cyclotron Facility). The main conclusion drawn during the assessment of proposed 
D&D Concept – the D&D can be accomplished in the frame of initial D&D Concept, but some modifications 
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recognition from IAEA and other authoritative international bodies [1-4]. Recent Latvian 
experience in organization of Salaspils Research Reactor (SRR) dismantling and decommissioning 
(D&D) has led to considering novel features in the conventional conceptions of decommissioning 
strategy and planning. 

In 1999 the Cabinet of Ministers approved the Concept of SRR D&D mandating that 
decommissioning will be completed during the next ten years up to “green field”. In reality, during 
the first six years several preparatory works have been performed as well as a set of essential  
factors was identified, in particular, of radiological and financial character. Besides a novel plan of 
forthcoming use of the SRR territory and infrastructure has been proposed.  

All these circumstances have an essential impact on the original D&D concept and have 
emphasized the necessity to reconsider the initial D&D programme and, finally, to elaborate an 
update Concept of the SRR D&D. Such revision of the original D&D strategy together with the 
Environmental Impact Assessment, have contributed to formulate a set of essential requirements 
and recommendations for safe D&D works as well as for the forthcoming licensing for the SRR 
D&D. In fact, all these factors could be considered as elements of multi-step optimization of 
dismantling and decommissioning of this nuclear facility. 
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2. General characterization of Salaspils research reactor 
The IRT-type research reactor in Salaspils site near the capital of Latvia – Riga – was put into 
operation in September 1961. The SRR was originally built according to the former USSR design as 
a pool type light water reactor with nominal thermal power 2 MW. From 1966 till 1990 the Critical 
Assembly RKS (Zero Power Reactor) was in operation with the nominal thermal power 25 W. In 
the 70ies, when the reactor tank was changed, the core and cooling system upgraded (with 
guaranteed operation of 20 years), the nominal power reached 5 MW. 

Since 1993, surveys of potential need for the SRR had been carried out. Based on available 
information, the Cabinet of Ministers in 1995 issued the order to shut down the SRR within two 
years of operation (the decision prohibited receiving fresh nuclear fuel). The operation license for 
SRR was awarded until the end of 1999. Finally, in June 1998 the reactor was shut down. The 
Cabinet of Ministers also ordered: a) to maintain a sub-critical state of nuclear reactor, b) to provide 
supervision of nuclear reactor and c) to implement its conservation. 

Currently SRR is in a preparatory stage for D&D with following licensed practices: 

� Maintenance of reactor systems for ensuring radiation and nuclear safety, 

� Switching off the systems and experimental equipment non-applicable for further activities of 
SRR, their dismantling and management of the generated waste, 

� Interim storage of the spent nuclear fuel. 

3. The original SRR decommissioning concept 
The German company “Preussag Noell–KRC” during 1998-1999 has elaborated the initial D&D 
concept for SRR [5]. In compliance with IAEA and European Commission recommendations three 
possible decommissioning options for SRR D&D have been elaborated: 

(i) “Safe enclosure of reactor building”, providing 30-year long storage period; 

(ii) “Safe enclosure of reactor” – with dismantling of all auxiliary systems, which are located 
outside of the biological shielding, emplacement of radioactive waste (RW) in the reactor 
pool and subsequent hermetization and safe enclosure; 

(iii) Decommissioning to “green field” status. 

While looking for the optimal version of SRR D&D all alternative D&D options have been 
compared and following factors were analysed: 

(1) Costs;  

(2) Radiation safety for personnel;  

(3) The technical status of the reactor; 

(4) The expected RW amount; 

(5) Availability of waste management infrastructure; 

(6) Availability of qualified personnel and decommissioning technologies; 

(7) Possible international assistance; and  

(8) Other factors. 

An integral analysis of the whole set of factors has shown that for Latvia’s conditions the most 
appropriate is option III – decommissioning of reactor to “green field” status. Accordingly, the 
Cabinet of Ministers in October 1999 accepted the option of direct dismantling of SRR up to “green 
field” and a D&D concept was approved, which envisaged completing of SRR decommissioning by 
the end of 2008, with the following time schedule: 

� 1998-2003 Shutdown of the reactor and safe enclosure phase, minor D&D activities; 

� 2003 Removal and transfer of SNF off site (either out of Latvia or dry storage in Latvia); 

� 2003-2008 Decommissioning of the reactor components, including biological shielding. 

4. Current progress and issues 

4.1.  The accomplished D&D work 
According to the State investment programme “Dismantling and Decommissioning of Salaspils 
Research Reactor” the following set of works there has been performed since 1999: (a) led a system 
of the 1st and 2nd cooling circuits has been dismantled, (b) shielding of horizontal experimental 
channel was completely dismantled, (c) shielding of research equipment was partially dismounted 
and sorted, and radioactive components disposed of in the RW repository, (d) technical projects of 
reconstruction of interim storage facility of RW containers was prepared, (e) the interim storage 
facility of RW containers was built and commissioned, (f) reconstruction of SRR security systems 
was performed. The amount of waste generated during the aforementioned period is illustrated in 
Table 1 [6]. 

Table 1. Materials generated during SRR dismantling 

Materials/year 2000 2001 2002 2003 2004 

Metal scrap (t) 31 48 23 11.343 118.340 

Concrete (t) 64 230 51 0 71 147 

Other materials (t) 38 9 11 4,83 18 170 

Packed RW (t) 7 16 16 16,173 20,762 

Packed disused 
radiation sources 

(TBq) 

4.6 1.8 4858 units 
5.2 TBq 

473 units 

5.2 TBq 

11,234 units 
70.2 TBq 

4.2  The delay in the spent nuclear fuel removal 
According to the decommissioning concept developed by “Preussag Noell – KRC”, spent fuel has 
been placed in the wet storage tank adjacent to the reactor pool and had been planned until 2004 to 
be moved out of Latvia in the framework of USA–IAEA–Russia co-operation project and proposed 
Latvia–Russia inter-governmental Agreement on spent fuel management. 

However, due to problems in communication between these parties inter-governmental agreement 
on the fresh and spent nuclear fuel removal out of Latvia has not been signed. The fresh fuel has 
been removed to Russia – in the frame of the above international instruments – only in May 2005. 
Currently organizational measures for removal in 2006 of the spent nuclear fuel out of Latvia are in 
preparation in the frame of the same international instruments. 

Besides, in the current conditions of increasing international terrorism threats, it is necessary to 
improve the security of nuclear fuel storage. This requirement has been taken into account in the 
specification of the Updated SRR D&D concept foreseeing several alternatives for SNF 
management. 

4.3.  Facts on the radiological contamination of SRR territory 
According to the State Control Program for the Ionising Radiation Facilities of National 
Significance (approved in 1995), the SRR has been subjected to Environmental Monitoring 
Program, including control of:  

(a) Gamma background;  

(b) Underground and surface water contamination;  

(c) Precipitation contamination;  

(d) Soil contamination;  

(e) Air contamination before its discharge to the atmosphere. 
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2. General characterization of Salaspils research reactor 
The IRT-type research reactor in Salaspils site near the capital of Latvia – Riga – was put into 
operation in September 1961. The SRR was originally built according to the former USSR design as 
a pool type light water reactor with nominal thermal power 2 MW. From 1966 till 1990 the Critical 
Assembly RKS (Zero Power Reactor) was in operation with the nominal thermal power 25 W. In 
the 70ies, when the reactor tank was changed, the core and cooling system upgraded (with 
guaranteed operation of 20 years), the nominal power reached 5 MW. 

Since 1993, surveys of potential need for the SRR had been carried out. Based on available 
information, the Cabinet of Ministers in 1995 issued the order to shut down the SRR within two 
years of operation (the decision prohibited receiving fresh nuclear fuel). The operation license for 
SRR was awarded until the end of 1999. Finally, in June 1998 the reactor was shut down. The 
Cabinet of Ministers also ordered: a) to maintain a sub-critical state of nuclear reactor, b) to provide 
supervision of nuclear reactor and c) to implement its conservation. 

Currently SRR is in a preparatory stage for D&D with following licensed practices: 

� Maintenance of reactor systems for ensuring radiation and nuclear safety, 

� Switching off the systems and experimental equipment non-applicable for further activities of 
SRR, their dismantling and management of the generated waste, 

� Interim storage of the spent nuclear fuel. 

3. The original SRR decommissioning concept 
The German company “Preussag Noell–KRC” during 1998-1999 has elaborated the initial D&D 
concept for SRR [5]. In compliance with IAEA and European Commission recommendations three 
possible decommissioning options for SRR D&D have been elaborated: 

(i) “Safe enclosure of reactor building”, providing 30-year long storage period; 

(ii) “Safe enclosure of reactor” – with dismantling of all auxiliary systems, which are located 
outside of the biological shielding, emplacement of radioactive waste (RW) in the reactor 
pool and subsequent hermetization and safe enclosure; 

(iii) Decommissioning to “green field” status. 

While looking for the optimal version of SRR D&D all alternative D&D options have been 
compared and following factors were analysed: 

(1) Costs;  

(2) Radiation safety for personnel;  

(3) The technical status of the reactor; 

(4) The expected RW amount; 

(5) Availability of waste management infrastructure; 

(6) Availability of qualified personnel and decommissioning technologies; 

(7) Possible international assistance; and  

(8) Other factors. 

An integral analysis of the whole set of factors has shown that for Latvia’s conditions the most 
appropriate is option III – decommissioning of reactor to “green field” status. Accordingly, the 
Cabinet of Ministers in October 1999 accepted the option of direct dismantling of SRR up to “green 
field” and a D&D concept was approved, which envisaged completing of SRR decommissioning by 
the end of 2008, with the following time schedule: 

� 1998-2003 Shutdown of the reactor and safe enclosure phase, minor D&D activities; 

� 2003 Removal and transfer of SNF off site (either out of Latvia or dry storage in Latvia); 

� 2003-2008 Decommissioning of the reactor components, including biological shielding. 

4. Current progress and issues 

4.1.  The accomplished D&D work 
According to the State investment programme “Dismantling and Decommissioning of Salaspils 
Research Reactor” the following set of works there has been performed since 1999: (a) led a system 
of the 1st and 2nd cooling circuits has been dismantled, (b) shielding of horizontal experimental 
channel was completely dismantled, (c) shielding of research equipment was partially dismounted 
and sorted, and radioactive components disposed of in the RW repository, (d) technical projects of 
reconstruction of interim storage facility of RW containers was prepared, (e) the interim storage 
facility of RW containers was built and commissioned, (f) reconstruction of SRR security systems 
was performed. The amount of waste generated during the aforementioned period is illustrated in 
Table 1 [6]. 

Table 1. Materials generated during SRR dismantling 

Materials/year 2000 2001 2002 2003 2004 

Metal scrap (t) 31 48 23 11.343 118.340 

Concrete (t) 64 230 51 0 71 147 

Other materials (t) 38 9 11 4,83 18 170 

Packed RW (t) 7 16 16 16,173 20,762 

Packed disused 
radiation sources 

(TBq) 

4.6 1.8 4858 units 
5.2 TBq 

473 units 

5.2 TBq 

11,234 units 
70.2 TBq 

4.2  The delay in the spent nuclear fuel removal 
According to the decommissioning concept developed by “Preussag Noell – KRC”, spent fuel has 
been placed in the wet storage tank adjacent to the reactor pool and had been planned until 2004 to 
be moved out of Latvia in the framework of USA–IAEA–Russia co-operation project and proposed 
Latvia–Russia inter-governmental Agreement on spent fuel management. 

However, due to problems in communication between these parties inter-governmental agreement 
on the fresh and spent nuclear fuel removal out of Latvia has not been signed. The fresh fuel has 
been removed to Russia – in the frame of the above international instruments – only in May 2005. 
Currently organizational measures for removal in 2006 of the spent nuclear fuel out of Latvia are in 
preparation in the frame of the same international instruments. 

Besides, in the current conditions of increasing international terrorism threats, it is necessary to 
improve the security of nuclear fuel storage. This requirement has been taken into account in the 
specification of the Updated SRR D&D concept foreseeing several alternatives for SNF 
management. 

4.3.  Facts on the radiological contamination of SRR territory 
According to the State Control Program for the Ionising Radiation Facilities of National 
Significance (approved in 1995), the SRR has been subjected to Environmental Monitoring 
Program, including control of:  

(a) Gamma background;  

(b) Underground and surface water contamination;  

(c) Precipitation contamination;  

(d) Soil contamination;  

(e) Air contamination before its discharge to the atmosphere. 

Athens - Book of Contributed Papers A4.indd   167 2006-11-06   13:24:40



168

During 2002-2003 the underground water monitoring data revealed elevated specific activity of 3H
in the SRR territory and in the monitoring wells near the SRR. The results showed radioactive 
contamination of the underground water in the SRR and nearby territory, probably caused by 
leakage of water in the reactor basin during SRR operation. In 2003 the specific activity of 3H in the 
SRR reached 2365 Bq/l [7], and the activity in the monitoring wells located nearby the SRR 
territory exceeded 2-5 times the values in the wells outside the SRR impact zone. However, in 
monitoring wells outside the SRR territory the 3H specific activity was less the 100 Bq/l. 

These data on elevated 3H concentration substantiate the following decision to dismantle SRR only 
to “brown field” and to keep the state of restricted use during the forthcoming 60 years (5 half-life 
periods of H-3). After decontamination, the buildings will meet the status of “objects of restricted 
use”, i.e. for industrial or research activities with applications of radioactive materials. 

Besides, revision of the original D&D Concept and schedule was necessary due to financial 
problems in D&D funding. Since the basic financial source of the SRR D&D is the State budget but 
the resources have not been assigned in a timely manner before financial resources have been 
assigned in 2004 for a total amount of 400 000 lats (~570 000 Euro). To commence the D&D works 
according to the initial plan and the funding. 

4.4. The main tasks and problems to be solved 
Correspondingly, the actual aforementioned situation has moved forward and the following main 
goals are defined and addressed in the updated D&D Concept: 

1) To provide safe and secure SNF storage in the SRR territory till its removal outside of Latvia; 

2) To define the final aim accessible by SRR D&D taking into account the novel radioecological 
information as well as the perspectives of forthcoming use. 

5. The updated D&D concept – a strategic step in SRR D&D optimization 

5.1. Establishment of national cyclotron facility 
In order to implement the option of restricted use of this object in a rational way, the IAEA further 
to Latvia’s application approved in November 2004 the National project LAT/4/007 “Establishment 
of a Multipurpose National Cyclotron Facility (MNCF)”, with the aim at developing state-of-the-art 
diagnostic approaches based on the use of nuclear technology. 

The main purposes of this project include: 

a) To build a cyclotron centre; 

b) To commence production of nuclides for the use of PET in early oncology in diagnostics; 

c) To complete preparation for the use of MNCF for industrial, research and education aims. 

Depending on the radiation risk levels of the planned MNCF in the territory of the present SRR all 
rooms of this MNCF are divided into: 

1. “Uncontrolled” or supervision zone – includes technical and administrative units; 

2. “Controlled” or restricted access zone – includes zone of manufacturing of nuclides as well as 
a zone for the handling of nuclides produced and RW generated. 

5.2. The key arrangements of the updated concept 
With the aim at enabling the further optimization, an updated SRR D&D strategy has been proposed 
containing 3 arrangements; in turn, each arrangement contained 2 versions. 

5.2.1. Arrangement I – “Storage of SNF”: 
a) version 1 – dry storage, expenses – 5.6x106 euro, deadline – 2007;  

b) version 2 – storage in the converted civil protection bomb shelter, expenses – ~5x106 Euro. 

5.2.2. Arrangement II – “SNF removal outside Latvia:” 
a) Version 1 – SNF removal if the dry storage is chosen, 2 subversions – 3.5x106 euro vs. 4x106

Euro;

b) Version 2 – SNF removal by version 2 of SNF storage, expenses – 2.5*106 Euro.

5.2.3. Arrangement III – “series of the SRR D&D works:” 
a) Version 1 – till “green field”, deadline – 2014, expenses – from 17.2 to 21.5 millions Euro; 

b) Version 2 – till “brown field” – 2010 expenses – 9.5 millions Euro. 

Out of all arrangements (I, II and III) the Cabinet of Ministers accepted versions b). 

5.3  The main stages of the updated D&D Concept
Taking into account the proposed versions of SRR D&D as well as including the SNF management 
tasks, the following five stages for SRR D&D have been defined: 

1) Design stage (including detailed SRR D&D and SNF removal plan, and interim storage 
facilities for SNF and RW containers) and preparation of the licence application –2004-2006; 

2) Installation of new equipment and facilities (SNF and RW containers’ interim storage) and 
modification of existing facilities – 2005-2007; 

3) The 1st part of D&D – in 2004-2006; 

4) Removal of the SNF – in 2006; 

5) The 2nd part of D&D – to the extent to use the object is still used for radiation applications – 
2007-2010. 

The planned expenses for realization of the updated SRR D&D Concept are ~17x106 Euro. 

6. Environmental impact assessment and licensing of SRR D&D 
The Latvian legislation provides mandatory procedures to perform activities in radiation facilities of 
national significance. In particular, in case of the SRR D&D the accomplishment of these 
procedures allows to reach the next step – aimed to disclosure and practical elimination of definite 
shortcomings of the whole D&D optimization process. 

According to the Cabinet Regulations on Licensing (2001, Nr. 301), in order to receive a licence for 
implementing essential changes in a radiation facility of national significance, the application has to 
be assessed if it is in conformity with the requirements set out in the Law on EIA. It is prescribed 
that the intended activities shall be discussed publicly and conclusions. The licensing process 
includes the final EIA report and the opinion of State EIA Bureau.  

In the SRR D&D EIA report [7] the current radiological situation in the SRR has been finally fixed. 
The conclusions of EIA oblige at all steps of D&D to ensure the following controls: a) the 
prescribed amount of nuclides allowed to be discharged to the SRR territory, b) the prescribed 
maximum potential exposure dose for public, c) the collection system of surface drain waters in the 
SRR territory, d) the underground water control in the whole SRR area, e) radiation background and 
contamination values during the vegetation period in 1,5 km radius in the course of dismantling, f) 
monitoring of karsts phenomena inside and near the SRR territory. Fulfilment of these tasks is 
facilitated by the IAEA project LAT/4/006 „Upgrading of Radiation Protection for 
Decommissioning of Salaspils Nuclear Reactor”. 

Taking into account the legal rule requiring the operator to be responsible for the activities indicated 
in the licence and for the fulfilment of related conditions related, further development of detailed 
tasks will be implemented during the SRR D&D licensing and legally prescribed in the licence 
conditions. 
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During 2002-2003 the underground water monitoring data revealed elevated specific activity of 3H
in the SRR territory and in the monitoring wells near the SRR. The results showed radioactive 
contamination of the underground water in the SRR and nearby territory, probably caused by 
leakage of water in the reactor basin during SRR operation. In 2003 the specific activity of 3H in the 
SRR reached 2365 Bq/l [7], and the activity in the monitoring wells located nearby the SRR 
territory exceeded 2-5 times the values in the wells outside the SRR impact zone. However, in 
monitoring wells outside the SRR territory the 3H specific activity was less the 100 Bq/l. 

These data on elevated 3H concentration substantiate the following decision to dismantle SRR only 
to “brown field” and to keep the state of restricted use during the forthcoming 60 years (5 half-life 
periods of H-3). After decontamination, the buildings will meet the status of “objects of restricted 
use”, i.e. for industrial or research activities with applications of radioactive materials. 

Besides, revision of the original D&D Concept and schedule was necessary due to financial 
problems in D&D funding. Since the basic financial source of the SRR D&D is the State budget but 
the resources have not been assigned in a timely manner before financial resources have been 
assigned in 2004 for a total amount of 400 000 lats (~570 000 Euro). To commence the D&D works 
according to the initial plan and the funding. 

4.4. The main tasks and problems to be solved 
Correspondingly, the actual aforementioned situation has moved forward and the following main 
goals are defined and addressed in the updated D&D Concept: 

1) To provide safe and secure SNF storage in the SRR territory till its removal outside of Latvia; 

2) To define the final aim accessible by SRR D&D taking into account the novel radioecological 
information as well as the perspectives of forthcoming use. 

5. The updated D&D concept – a strategic step in SRR D&D optimization 

5.1. Establishment of national cyclotron facility 
In order to implement the option of restricted use of this object in a rational way, the IAEA further 
to Latvia’s application approved in November 2004 the National project LAT/4/007 “Establishment 
of a Multipurpose National Cyclotron Facility (MNCF)”, with the aim at developing state-of-the-art 
diagnostic approaches based on the use of nuclear technology. 

The main purposes of this project include: 

a) To build a cyclotron centre; 

b) To commence production of nuclides for the use of PET in early oncology in diagnostics; 

c) To complete preparation for the use of MNCF for industrial, research and education aims. 

Depending on the radiation risk levels of the planned MNCF in the territory of the present SRR all 
rooms of this MNCF are divided into: 

1. “Uncontrolled” or supervision zone – includes technical and administrative units; 

2. “Controlled” or restricted access zone – includes zone of manufacturing of nuclides as well as 
a zone for the handling of nuclides produced and RW generated. 

5.2. The key arrangements of the updated concept 
With the aim at enabling the further optimization, an updated SRR D&D strategy has been proposed 
containing 3 arrangements; in turn, each arrangement contained 2 versions. 

5.2.1. Arrangement I – “Storage of SNF”: 
a) version 1 – dry storage, expenses – 5.6x106 euro, deadline – 2007;  

b) version 2 – storage in the converted civil protection bomb shelter, expenses – ~5x106 Euro. 

5.2.2. Arrangement II – “SNF removal outside Latvia:” 
a) Version 1 – SNF removal if the dry storage is chosen, 2 subversions – 3.5x106 euro vs. 4x106

Euro;

b) Version 2 – SNF removal by version 2 of SNF storage, expenses – 2.5*106 Euro.

5.2.3. Arrangement III – “series of the SRR D&D works:” 
a) Version 1 – till “green field”, deadline – 2014, expenses – from 17.2 to 21.5 millions Euro; 

b) Version 2 – till “brown field” – 2010 expenses – 9.5 millions Euro. 

Out of all arrangements (I, II and III) the Cabinet of Ministers accepted versions b). 

5.3  The main stages of the updated D&D Concept
Taking into account the proposed versions of SRR D&D as well as including the SNF management 
tasks, the following five stages for SRR D&D have been defined: 

1) Design stage (including detailed SRR D&D and SNF removal plan, and interim storage 
facilities for SNF and RW containers) and preparation of the licence application –2004-2006; 

2) Installation of new equipment and facilities (SNF and RW containers’ interim storage) and 
modification of existing facilities – 2005-2007; 

3) The 1st part of D&D – in 2004-2006; 

4) Removal of the SNF – in 2006; 

5) The 2nd part of D&D – to the extent to use the object is still used for radiation applications – 
2007-2010. 

The planned expenses for realization of the updated SRR D&D Concept are ~17x106 Euro. 

6. Environmental impact assessment and licensing of SRR D&D 
The Latvian legislation provides mandatory procedures to perform activities in radiation facilities of 
national significance. In particular, in case of the SRR D&D the accomplishment of these 
procedures allows to reach the next step – aimed to disclosure and practical elimination of definite 
shortcomings of the whole D&D optimization process. 

According to the Cabinet Regulations on Licensing (2001, Nr. 301), in order to receive a licence for 
implementing essential changes in a radiation facility of national significance, the application has to 
be assessed if it is in conformity with the requirements set out in the Law on EIA. It is prescribed 
that the intended activities shall be discussed publicly and conclusions. The licensing process 
includes the final EIA report and the opinion of State EIA Bureau.  

In the SRR D&D EIA report [7] the current radiological situation in the SRR has been finally fixed. 
The conclusions of EIA oblige at all steps of D&D to ensure the following controls: a) the 
prescribed amount of nuclides allowed to be discharged to the SRR territory, b) the prescribed 
maximum potential exposure dose for public, c) the collection system of surface drain waters in the 
SRR territory, d) the underground water control in the whole SRR area, e) radiation background and 
contamination values during the vegetation period in 1,5 km radius in the course of dismantling, f) 
monitoring of karsts phenomena inside and near the SRR territory. Fulfilment of these tasks is 
facilitated by the IAEA project LAT/4/006 „Upgrading of Radiation Protection for 
Decommissioning of Salaspils Nuclear Reactor”. 

Taking into account the legal rule requiring the operator to be responsible for the activities indicated 
in the licence and for the fulfilment of related conditions related, further development of detailed 
tasks will be implemented during the SRR D&D licensing and legally prescribed in the licence 
conditions. 
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7. Optimisation of decommissioning waste management 
Waste Management (WM) optimization is one of the cornerstones of decommissioning strategy [3]. 
It follows IAEA recommendations on safe and efficient decommissioning WM [3, 8]. In this way, 
success in optimisation of policy and practices related to the SRR D&D process has been reached. 

The first essential step in this optimization was the establishment of a single RW management 
enterprise – the State company “RAPA” Ltd., in 2000 (currently – the State agency of hazardous 
waste management BAPA). This was done on the basis of SRR and Baldone near-surface 
radioactive waste (RW) repository thereby ensuring unified administration and maintenance of the 
shutdown SRR as well as the whole cycle of RW management. “BAPA” is the sole organization in 
Latvia dealing with WM and, in parallel, it has responsibility for all stages of the SNF and D&D 
waste management. 

Analyzing two basic options of liquid RW (LRW) management – a) purification, dilution and 
discharge, vs. b) its conditioning, a rational solution for predisposal treatment of the whole D&D 
waste was found and implemented via conditioning solid and liquid RW together, based on LRW 
cementation (in total – 110 m3 of 3H containing water with total activity 120 GBq) [7, 9]. This 
solution has been implemented in the frame of the IAEA technical co-operation project by 
providing the automatic liquid RW cementation facility, which was installed in the SRR hall in 
2002. 

The best possible strategy was identified for waste transportation to the repository site, which is 
located ~25 km from the SRR. During the optimisation the socio-economical, radiation safety and 
geographical factors were taken into account. The initial EIA was performed in the frame of the 
“Long Term Safety Analysis of Baldone RW Repository” (by CASSIOPEE) regarding the disposal 
of the D&D waste. The conclusions from CASSIOPEE studies [10] are: 

a) Disposal of the RW from SRR at the Baldone site reduces the State liability for RW by 
ensuring it disposal at a central facility. From the managerial viewpoint it is favourable that 
SRR and the Baldone site are branches of the same common enterprise – BAPA (RAPA);

b) The Baldone repository has already developed WM infrastructure and free space on the site 
to accommodate new vaults; in this way the D&D waste removal from the SRR to the 
Baldone site, taking into account the planned mitigation measures, will cause no 
environmental disturbance; 

c) SRR D&D reduces the risks to the public by clearing radioactive and hazardous materials 
from the Salaspils site, by isolating the wastes in steel or concrete containers and by placing 
them in the Baldone vaults. 

Optimization of the RW repository enlargement for D&D waste disposal has been solved by 
considering three options and choosing – the option to construct two new vaults together, thereby 
providing spare disposal space for RW arisings from emergencies as well as optimizing costs. 

BAPA [9] has elaborated and implemented together with the Radiation Safety Centre a RW 
transportation procedure, using mainly concrete containers of size 1,2m*1,2m*1,2m (the A-172 
type) produced in Estonia according to Studsvik licence. Radiation Safety Centre has established 
and implemented a special procedure for receiving a transportation permit.

For D&D waste management also a socio-economic optimization comes into play. As the EIA and 
licensing regulations require the assent of the local public for new RW disposal spaces, a 
compensation mechanism has been implemented for hypothetical risks and mitigation of negative 
public attitude to RW practices. After analysis of three options of compensations for municipality, 
the Cabinet accepted the option of direct annual payments from the State budget to Baldone 
municipality.
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7. Optimisation of decommissioning waste management 
Waste Management (WM) optimization is one of the cornerstones of decommissioning strategy [3]. 
It follows IAEA recommendations on safe and efficient decommissioning WM [3, 8]. In this way, 
success in optimisation of policy and practices related to the SRR D&D process has been reached. 

The first essential step in this optimization was the establishment of a single RW management 
enterprise – the State company “RAPA” Ltd., in 2000 (currently – the State agency of hazardous 
waste management BAPA). This was done on the basis of SRR and Baldone near-surface 
radioactive waste (RW) repository thereby ensuring unified administration and maintenance of the 
shutdown SRR as well as the whole cycle of RW management. “BAPA” is the sole organization in 
Latvia dealing with WM and, in parallel, it has responsibility for all stages of the SNF and D&D 
waste management. 

Analyzing two basic options of liquid RW (LRW) management – a) purification, dilution and 
discharge, vs. b) its conditioning, a rational solution for predisposal treatment of the whole D&D 
waste was found and implemented via conditioning solid and liquid RW together, based on LRW 
cementation (in total – 110 m3 of 3H containing water with total activity 120 GBq) [7, 9]. This 
solution has been implemented in the frame of the IAEA technical co-operation project by 
providing the automatic liquid RW cementation facility, which was installed in the SRR hall in 
2002. 

The best possible strategy was identified for waste transportation to the repository site, which is 
located ~25 km from the SRR. During the optimisation the socio-economical, radiation safety and 
geographical factors were taken into account. The initial EIA was performed in the frame of the 
“Long Term Safety Analysis of Baldone RW Repository” (by CASSIOPEE) regarding the disposal 
of the D&D waste. The conclusions from CASSIOPEE studies [10] are: 

a) Disposal of the RW from SRR at the Baldone site reduces the State liability for RW by 
ensuring it disposal at a central facility. From the managerial viewpoint it is favourable that 
SRR and the Baldone site are branches of the same common enterprise – BAPA (RAPA);

b) The Baldone repository has already developed WM infrastructure and free space on the site 
to accommodate new vaults; in this way the D&D waste removal from the SRR to the 
Baldone site, taking into account the planned mitigation measures, will cause no 
environmental disturbance; 

c) SRR D&D reduces the risks to the public by clearing radioactive and hazardous materials 
from the Salaspils site, by isolating the wastes in steel or concrete containers and by placing 
them in the Baldone vaults. 

Optimization of the RW repository enlargement for D&D waste disposal has been solved by 
considering three options and choosing – the option to construct two new vaults together, thereby 
providing spare disposal space for RW arisings from emergencies as well as optimizing costs. 

BAPA [9] has elaborated and implemented together with the Radiation Safety Centre a RW 
transportation procedure, using mainly concrete containers of size 1,2m*1,2m*1,2m (the A-172 
type) produced in Estonia according to Studsvik licence. Radiation Safety Centre has established 
and implemented a special procedure for receiving a transportation permit.

For D&D waste management also a socio-economic optimization comes into play. As the EIA and 
licensing regulations require the assent of the local public for new RW disposal spaces, a 
compensation mechanism has been implemented for hypothetical risks and mitigation of negative 
public attitude to RW practices. After analysis of three options of compensations for municipality, 
the Cabinet accepted the option of direct annual payments from the State budget to Baldone 
municipality.
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Abstract. CIRUS is a 40 MW (th) research reactor located at the Bhabha Atomic Research Centre, 
Mumbai, India. The reactor was commissioned in 1960 and after 37 years of service, the reactor was refurbished 
and was re-commissioned back in 2002.

During refurbishing the reactor core was de-fueled which is similar to the first stage of decommissioning. 
Detailed radiological characterization of the reactor structure components and the decay pattern to generate data 
with respect to expected radiation fields were carried out. The radioactivity levels in pipelines due to 
radionuclide and corrosion products were characterized and decontamination studies were performed. 

Primary coolant water pipe lines were cut by different methods such as tool cutting, thermal cutting, etc. and the 
generated airbourne activity and man-rem consumption were monitored to generate base line data.  

Large components like the primary coolant heat exchangers and pipe line segments were dismantled which gave 
the confidence for execution of dismantling activities of radioactive  components. From the experience gained it 
appears that the disposal of large equipments as a single unit is preferable over cutting into segments and 
disposing in containers, considering the cost and the man-rem for the work involved. 

The experience gained during the refurbishment could be effectively used for advance planning for 
decommissioning of the research reactor in a systematic manner based on the data generated and the experience 
gained in dismantling and handling of heavy radioactive components. 

1. Introduction 
CIRUS is a 40 MW(th) tank type, natural uranium fueled, heavy water moderated and light water 
cooled research reactor with a maximum thermal neutron flux of 6.5 x 1013  neutron/cm2/sec. It is 
located at the Bhabha Atomic Research Centre, Mumbai, India. The reactor was commissioned in 
1960 and has operated successfully for over 37 years. The CIRUS reactor was shut down during 
October 1997 for refurbishment activities. The refurbishing activities were completed in 2002 and the 
reactor was recommissioned. During the refurbishing period, the reactor core was de-fuelled which is 
similar to the first stage of decommissioning. This opportunity was used to carry out extensive data 
collection �1� which will be helpful for the future decommissioning of the reactor. 

Decommissioning of several pieces of equipment & piping was carried out and some of the experience 
is given below. 

2. Pipelines 
Several of the primary coolant and waste transfer pipes are underground but separated from the 
various utility systems within the plant boundary. The material of the pipeline is 7.5 cm NB, 10 cm 
NB, 15 cm NB, 20 cm NB, 26 cm NB and 50 cm NB of seamless carbon steel. Extensive inspection of 
these pipes was carried out to decide if they required removal and replacement. Underground pipes 
were inspected by removal of the soil and exposing them after taking all radiolgical precautions. 
Different methods of cutting these pipelines for disposal were used, which included gas cutting and 
mechanical cutting using a cutting wheel.  

The mechanical cutting was adopted for pipe sizes up to 15 cm NB. The cutting wheel set up consists 
of a motor operated cutting wheel, with a manually operated lever that controls the feed of cutting. 
This pipe cutting set up could be readily accommodated in the excavated region. With a cutting feed 
rate of 1.2 cm per minute the total cutting time varied from 6 minutes to 12 minutes per cut. Around 
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Abstract. CIRUS is a 40 MW (th) research reactor located at the Bhabha Atomic Research Centre, 
Mumbai, India. The reactor was commissioned in 1960 and after 37 years of service, the reactor was refurbished 
and was re-commissioned back in 2002.

During refurbishing the reactor core was de-fueled which is similar to the first stage of decommissioning. 
Detailed radiological characterization of the reactor structure components and the decay pattern to generate data 
with respect to expected radiation fields were carried out. The radioactivity levels in pipelines due to 
radionuclide and corrosion products were characterized and decontamination studies were performed. 

Primary coolant water pipe lines were cut by different methods such as tool cutting, thermal cutting, etc. and the 
generated airbourne activity and man-rem consumption were monitored to generate base line data.  

Large components like the primary coolant heat exchangers and pipe line segments were dismantled which gave 
the confidence for execution of dismantling activities of radioactive  components. From the experience gained it 
appears that the disposal of large equipments as a single unit is preferable over cutting into segments and 
disposing in containers, considering the cost and the man-rem for the work involved. 

The experience gained during the refurbishment could be effectively used for advance planning for 
decommissioning of the research reactor in a systematic manner based on the data generated and the experience 
gained in dismantling and handling of heavy radioactive components. 

1. Introduction 
CIRUS is a 40 MW(th) tank type, natural uranium fueled, heavy water moderated and light water 
cooled research reactor with a maximum thermal neutron flux of 6.5 x 1013  neutron/cm2/sec. It is 
located at the Bhabha Atomic Research Centre, Mumbai, India. The reactor was commissioned in 
1960 and has operated successfully for over 37 years. The CIRUS reactor was shut down during 
October 1997 for refurbishment activities. The refurbishing activities were completed in 2002 and the 
reactor was recommissioned. During the refurbishing period, the reactor core was de-fuelled which is 
similar to the first stage of decommissioning. This opportunity was used to carry out extensive data 
collection �1� which will be helpful for the future decommissioning of the reactor. 

Decommissioning of several pieces of equipment & piping was carried out and some of the experience 
is given below. 

2. Pipelines 
Several of the primary coolant and waste transfer pipes are underground but separated from the 
various utility systems within the plant boundary. The material of the pipeline is 7.5 cm NB, 10 cm 
NB, 15 cm NB, 20 cm NB, 26 cm NB and 50 cm NB of seamless carbon steel. Extensive inspection of 
these pipes was carried out to decide if they required removal and replacement. Underground pipes 
were inspected by removal of the soil and exposing them after taking all radiolgical precautions. 
Different methods of cutting these pipelines for disposal were used, which included gas cutting and 
mechanical cutting using a cutting wheel.  

The mechanical cutting was adopted for pipe sizes up to 15 cm NB. The cutting wheel set up consists 
of a motor operated cutting wheel, with a manually operated lever that controls the feed of cutting. 
This pipe cutting set up could be readily accommodated in the excavated region. With a cutting feed 
rate of 1.2 cm per minute the total cutting time varied from 6 minutes to 12 minutes per cut. Around 
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120 m of 7.6 cm pipe and 46 m each of 10 cm and 15 cm NB pipe were cut by this process. The 
pipelines were cut in segments of 0.7 m and disposed as radioactive waste. 

The 20 cm NB and 50 cm NB pipe segments were found to be healthy and only the outer weathering 
protection was removed and recoated. One portion of the overground portion of the 50 cm NB pipe 
that was leaky was replaced with new pipe. As this line was running over a concrete floor,  mechanical 
cutting was not possible; hence, the cutting of this line segment using the oxy-actlyene gas cutting 
method was adopted on a trial basis.The detail of this trial is given below. 

The water activity in the line varied from 40-70 Bq/ml with the reactor in the shut down status. This 
water was drained and disposed as radioactive waste. The radiation survey of the line revealed a  level 
of 0.15 – 2 mGy/hr and a hot spot of 7 mGy/hr at the bottom of the pipe. 

To avoid the spread of air activity during the gas cutting operation to the environment and the work 
site, the area of the cutting zone was enclosed in a temporary tarpaulin containment. The containment 
was 2m long x 2m wide x 1.5 m high to accommodate two persons and the pipe. An exhaust fan set up 
with a HEPA filter arrangement in the fan suction was attached to the containment to provide 
ventilation. The fan had a capacity of 1000 cfm and a static pressure of 6” of water column. The fan 
suction and discharge lines were connected by 25.4 cm PVC flexible non-collapsible hose. The set up 
is shown in Figure 1. 

Figure 1:  Exhaust fan set up arrangement 

During the gas cutting process of the pipeline, the fan suction hose end was located about 0.6 m away 
from the cutting region and the discharge was diverted about 10 m from the working place. Fresh air 
respirators were used by the personnel during the work. Trial cutting was done with the arrangement 
and no significant level of airbourne radioactivity outside the area was noticed, and hence full cutting 
was proceeded. The gas cutting of this 50 cm NB pipeline took about 6 minutes for a single cut. 
Observations during the gas cutting process is as follows�2�

� The activity levels within the temporary enclosure was 1090 Bq /m3.

� Air activity outside the temporary enclosure did not show any significant increase implying the 
exhaust fan was adequate to prevent spread of activity. 

� An air sample at the outlet of the exhaust fan showed below background level radioactivity 
during the entire job indicating no release of activity to the environment. 

This arrangement demonstrated that gas cutting can be used for segmenting large diameter pipe 
thereby saving time with minimum radiation dose exposure. 

3. Handling  and disposal of primary coolant heat exchangers 
There are six primary coolant heat exchangers in the system. These heat exchangers are the shell and 
tube type with a floating head. The tubes and tube sheets are of 70:30 copper-nickel alloy and the 
corresponding channel covers are made of silicon bronze. The shell including bottom covers are made 
of copper bearing carbon steel. The heat exchangers are about 4 m in height and 1.2 m in diameter. 
The weight of the tube bundle is about 3.5 tonnes and the complete assembly weighs about 5 tonnes. 
Severe erosion of the tubes of the heat exchanger was experienced and hence it was decided to replace 
the tube bundles of all the heat exchangers. A typical heat exchanger tube bundle is shown in Figure 2 

Figure 2:  Primary coolant heat exchanger tube bundle in interim storage. 

For the disposal of the radioactive tube bundles, radiological studies were carried out on the scrap 
samples removed from the shell inside diameter and the outside of the tube, as they are the regions 
which come into contact with the radioactive primary coolant. The analyzed results of the scrap 
samples taken from inside the shell is given below �1�.

Primary coolant heat exchangers. 

Gross sp.act 
(Bq/g) 

Fission   products Activation 
Products 

Major nuclides contributing 
to gross activity. 

100 55% 45% 60Co  (25%) 
137Cs (22%) 
152Eu (15%) 
125Sb (16%) 

Sample decontamination procedures were adopted for study purpose and it was observed that if the 
corrosion products are removed either with high pressure jets or by chemical decontamination the 

Athens - Book of Contributed Papers A4.indd   174 2006-11-06   13:25:11



175

120 m of 7.6 cm pipe and 46 m each of 10 cm and 15 cm NB pipe were cut by this process. The 
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protection was removed and recoated. One portion of the overground portion of the 50 cm NB pipe 
that was leaky was replaced with new pipe. As this line was running over a concrete floor,  mechanical 
cutting was not possible; hence, the cutting of this line segment using the oxy-actlyene gas cutting 
method was adopted on a trial basis.The detail of this trial is given below. 

The water activity in the line varied from 40-70 Bq/ml with the reactor in the shut down status. This 
water was drained and disposed as radioactive waste. The radiation survey of the line revealed a  level 
of 0.15 – 2 mGy/hr and a hot spot of 7 mGy/hr at the bottom of the pipe. 

To avoid the spread of air activity during the gas cutting operation to the environment and the work 
site, the area of the cutting zone was enclosed in a temporary tarpaulin containment. The containment 
was 2m long x 2m wide x 1.5 m high to accommodate two persons and the pipe. An exhaust fan set up 
with a HEPA filter arrangement in the fan suction was attached to the containment to provide 
ventilation. The fan had a capacity of 1000 cfm and a static pressure of 6” of water column. The fan 
suction and discharge lines were connected by 25.4 cm PVC flexible non-collapsible hose. The set up 
is shown in Figure 1. 

Figure 1:  Exhaust fan set up arrangement 

During the gas cutting process of the pipeline, the fan suction hose end was located about 0.6 m away 
from the cutting region and the discharge was diverted about 10 m from the working place. Fresh air 
respirators were used by the personnel during the work. Trial cutting was done with the arrangement 
and no significant level of airbourne radioactivity outside the area was noticed, and hence full cutting 
was proceeded. The gas cutting of this 50 cm NB pipeline took about 6 minutes for a single cut. 
Observations during the gas cutting process is as follows�2�

� The activity levels within the temporary enclosure was 1090 Bq /m3.

� Air activity outside the temporary enclosure did not show any significant increase implying the 
exhaust fan was adequate to prevent spread of activity. 

� An air sample at the outlet of the exhaust fan showed below background level radioactivity 
during the entire job indicating no release of activity to the environment. 

This arrangement demonstrated that gas cutting can be used for segmenting large diameter pipe 
thereby saving time with minimum radiation dose exposure. 

3. Handling  and disposal of primary coolant heat exchangers 
There are six primary coolant heat exchangers in the system. These heat exchangers are the shell and 
tube type with a floating head. The tubes and tube sheets are of 70:30 copper-nickel alloy and the 
corresponding channel covers are made of silicon bronze. The shell including bottom covers are made 
of copper bearing carbon steel. The heat exchangers are about 4 m in height and 1.2 m in diameter. 
The weight of the tube bundle is about 3.5 tonnes and the complete assembly weighs about 5 tonnes. 
Severe erosion of the tubes of the heat exchanger was experienced and hence it was decided to replace 
the tube bundles of all the heat exchangers. A typical heat exchanger tube bundle is shown in Figure 2 

Figure 2:  Primary coolant heat exchanger tube bundle in interim storage. 

For the disposal of the radioactive tube bundles, radiological studies were carried out on the scrap 
samples removed from the shell inside diameter and the outside of the tube, as they are the regions 
which come into contact with the radioactive primary coolant. The analyzed results of the scrap 
samples taken from inside the shell is given below �1�.

Primary coolant heat exchangers. 

Gross sp.act 
(Bq/g) 

Fission   products Activation 
Products 

Major nuclides contributing 
to gross activity. 

100 55% 45% 60Co  (25%) 
137Cs (22%) 
152Eu (15%) 
125Sb (16%) 

Sample decontamination procedures were adopted for study purpose and it was observed that if the 
corrosion products are removed either with high pressure jets or by chemical decontamination the 
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decontamination is quite effective. However this will involve a huge set up consisting of big tanks, 
handling large quantities of acid inventories, liquid active waste, erecting temporary enclosures with 
ventilation arrangement etc. However, even after the complete decontamination of the tubes, they 
cannot be utilized as the thinning was significant and disposal of these components as radioactive 
waste was called for. 

The conventional method of radioactive waste management is to pack the waste in 180 liter disposal 
drums and sealed before disposal at a burial ground. For this purpose, the components need to be cut 
into pieces of less than 78 cms in length and to a maximum diameter of 52 cms to fit inside the drum.  

Each heat exchanger has 1368 tubes and is 304 cms long. In order to dispose of the tubes in drums, 
each tube needed to be cut at four places. The cutting of the Cupro-nickel tubes can be done by 
portable cutting wheel. Taking an average time of 3 minutes per cut the total man hours spent in one 
heat exchanger is about 273 hours or about one month on 8 hour work periods. Also the cutting of the 
tube bundle needed to be done in a separate room  with special ventilation arrangement to mimimize 
the dose consumed by the personnel. So on an average about 6 months will be required for cutting and 
disposal of the tubes. 

Further work involved the cutting and disposal of the mild steel shell that is 16 mm thick,102 cm 
diameter and a length of 283 cms. This involves gas cutting of 30 segments of 50 cm x 70 cm area, 
involving additional dose. The last item of the task was to dispose of the cupronickel top and bottom 
tube sheets that are 3.5 cm thick and 104 cm diameter. 

Considering the amount of manpower involved in the cutting job, initial decontamination efforts, 
construction of special ventilated room and the dose involved to the personnel, it is prudent to opt for 
alternate methods of disposal.  

The disposal of the tube bundle as a whole, which does not involve all the above mentioned activities, 
is the favourable option. This involves the handling of 3.5 tonne tube bundle with proper sealing to 
prevent spread of contamination during transportation. Special burial sites can be designated for the 
heat exchangers which will occupy a volume of  3.13 cubic meter. This is far less than the volume of 
5.89 cubic meter of drum space required for handling the cut pieces of heat exchanger tube bundle 
taking a loading of 150 kg per drum. Hence this method was adopted for the disposal of the heat 
exchanger tube bundles during refurbishing. 

4. Conclusion 
The experience and expertise gained and the lessons learned during the refurbishing work, will be a 
useful input for working out appropriate decommissioing strategies for CIRUS at a later stage. 

From the experience gained it appears that the disposal of large equipments as a single unit is 
preferable over cutting into segments and disposing in containers, considering the cost and the 
mansievents for the work involved. 
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Abstract. Decommissioning operations effect changes in the environment and lead to situations where 
occupational doses strongly depend on space distribution of dose rates (DR) and time duration of critical 
activities. In such cases one needs an adequate geometrical and source model that allows the user to calculate the 
DR dose exposures. In the end a comparison of doses for alternative sets of work trajectories can lead to the 
selection of the most adequate scenario with minimised dose burden to the workers. The use of laser scanning 
with respective as-built 3D modeling software, gamma imagery of the dominant sources and application of 3D 
ALARA planning tool, VISIPLAN, for the above mentioned purposes was the solution advised by EDF, the 
technical advisor within the IAEA TCP SLR/4008 project. The agove-mentioned components were intended to 
create a 3D technological chain ensuring acquisition and evaluation of digitized information leading to ALARA 
optimisation of the decommissioning work procedures. In the case of very complex structures to be modelled for 
ALARA purposes, an auxiliary code, VISIMODELLER, allows the direct transfer of already existing 3D objects 
to VISIPLAN. This means the saving of a lot of man-power in drawing the geometry. For gamma imaging and 
positioning of main sources in the installation the old version gamma camera, ALADIN, owned by NPP A1 was 
used. Applications of radiation protection techniques at NPP A1 decommissioning project are presented in the 
paper. These range from simple shielding application by the 3D VISIPLAN planning tool, or creating a 3D as-
built model, to ALARA applications for alternative work trajectories in complex geometrical and hostile 
environment with multiple sources. As examples, removal of plastic liner from large underground reservoirs and 
removal of contaminated pipes from a long corridor are described in more detail. 

1. Introduction 
Currently radio protection optimization and the application of the ALARA principle is becoming an 
important aspect for all operations carried out in nuclear installations and in particular for 
decommissioning. Those operations involve changes in the environment and lead in some cases to 
unique activities for which the use of complex and time-consuming dose calculations (e.g. MCNP, 
DORT-TORT) are not adequate. On the other hand, an oversimplification of the problem is not 
advisable as this can lead to costly and unnecessary investments or undue doses. 

Another argument against oversimplification is the fact that the total doses in some cases strongly 
depend on space distribution of DR (dose rate) values and durations of activities in elevated DR fields. 
In such cases one needs a source model that allows users to calculate the above-mentioned DR. It is 
advantageous if the user has the possibility to assign to these locations also the expected time 
durations of working tasks and to assess operator doses depending on the given working trajectories. 
In the end, investigation of alternative work scenarios can lead to the selection of one with the 
minimum dose burden to operators.  

The physical configuration of equipment and structures is the basic data required for effective 
planning of works, cost estimation, training for safe decontamination and dismantling at 
a decommissioning nuclear power plant (NPP). In many cases, as-built drawings do not exist and 
contamination data is limited. Manual characterization is difficult, costly, and time consuming and 
therefore usually not acceptable for a radioactively hostile area.  

In such cases, 3D laser scanning and creating as-built 3D models seem to be the most effective 
techniques because they can lead to significant reduction of doses to characterization operators. This is 
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decontamination is quite effective. However this will involve a huge set up consisting of big tanks, 
handling large quantities of acid inventories, liquid active waste, erecting temporary enclosures with 
ventilation arrangement etc. However, even after the complete decontamination of the tubes, they 
cannot be utilized as the thinning was significant and disposal of these components as radioactive 
waste was called for. 

The conventional method of radioactive waste management is to pack the waste in 180 liter disposal 
drums and sealed before disposal at a burial ground. For this purpose, the components need to be cut 
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diameter and a length of 283 cms. This involves gas cutting of 30 segments of 50 cm x 70 cm area, 
involving additional dose. The last item of the task was to dispose of the cupronickel top and bottom 
tube sheets that are 3.5 cm thick and 104 cm diameter. 

Considering the amount of manpower involved in the cutting job, initial decontamination efforts, 
construction of special ventilated room and the dose involved to the personnel, it is prudent to opt for 
alternate methods of disposal.  

The disposal of the tube bundle as a whole, which does not involve all the above mentioned activities, 
is the favourable option. This involves the handling of 3.5 tonne tube bundle with proper sealing to 
prevent spread of contamination during transportation. Special burial sites can be designated for the 
heat exchangers which will occupy a volume of  3.13 cubic meter. This is far less than the volume of 
5.89 cubic meter of drum space required for handling the cut pieces of heat exchanger tube bundle 
taking a loading of 150 kg per drum. Hence this method was adopted for the disposal of the heat 
exchanger tube bundles during refurbishing. 

4. Conclusion 
The experience and expertise gained and the lessons learned during the refurbishing work, will be a 
useful input for working out appropriate decommissioing strategies for CIRUS at a later stage. 

From the experience gained it appears that the disposal of large equipments as a single unit is 
preferable over cutting into segments and disposing in containers, considering the cost and the 
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selection of the most adequate scenario with minimised dose burden to the workers. The use of laser scanning 
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create a 3D technological chain ensuring acquisition and evaluation of digitized information leading to ALARA 
optimisation of the decommissioning work procedures. In the case of very complex structures to be modelled for 
ALARA purposes, an auxiliary code, VISIMODELLER, allows the direct transfer of already existing 3D objects 
to VISIPLAN. This means the saving of a lot of man-power in drawing the geometry. For gamma imaging and 
positioning of main sources in the installation the old version gamma camera, ALADIN, owned by NPP A1 was 
used. Applications of radiation protection techniques at NPP A1 decommissioning project are presented in the 
paper. These range from simple shielding application by the 3D VISIPLAN planning tool, or creating a 3D as-
built model, to ALARA applications for alternative work trajectories in complex geometrical and hostile 
environment with multiple sources. As examples, removal of plastic liner from large underground reservoirs and 
removal of contaminated pipes from a long corridor are described in more detail. 

1. Introduction 
Currently radio protection optimization and the application of the ALARA principle is becoming an 
important aspect for all operations carried out in nuclear installations and in particular for 
decommissioning. Those operations involve changes in the environment and lead in some cases to 
unique activities for which the use of complex and time-consuming dose calculations (e.g. MCNP, 
DORT-TORT) are not adequate. On the other hand, an oversimplification of the problem is not 
advisable as this can lead to costly and unnecessary investments or undue doses. 

Another argument against oversimplification is the fact that the total doses in some cases strongly 
depend on space distribution of DR (dose rate) values and durations of activities in elevated DR fields. 
In such cases one needs a source model that allows users to calculate the above-mentioned DR. It is 
advantageous if the user has the possibility to assign to these locations also the expected time 
durations of working tasks and to assess operator doses depending on the given working trajectories. 
In the end, investigation of alternative work scenarios can lead to the selection of one with the 
minimum dose burden to operators.  

The physical configuration of equipment and structures is the basic data required for effective 
planning of works, cost estimation, training for safe decontamination and dismantling at 
a decommissioning nuclear power plant (NPP). In many cases, as-built drawings do not exist and 
contamination data is limited. Manual characterization is difficult, costly, and time consuming and 
therefore usually not acceptable for a radioactively hostile area.  

In such cases, 3D laser scanning and creating as-built 3D models seem to be the most effective 
techniques because they can lead to significant reduction of doses to characterization operators. This is 
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due to the relatively short laser scanning time of the given work place including equipment and rooms. 
Moreover, this technique provides very accurate as-built information in proper digitized format.  

The information resulting from digital 3D model can be transfered, into the above-mentioned 3D 
ALARA planning tool, also, for optimization of working trajectory and reduction of intervention 
doses. The disadvantage of the method is the necessary high investment (equipment and modeling 
software) and high complexity of the scanning and follow-up modeling procedures requiring 
specialized training.  

If elevated dose rates in a hostile area are due to a small number of sources, further dose reduction for 
can be achieved by using proper gamma imagery for identification and positioning of these sources. 
Compact size and good portability of such a camera are very important properties in its successful use 
for the planned NPP A1 decommissioning.

2. Description of the methods and applied techniques  
The 3D VISIPLAN planning tool. The use of VISIPLAN together with as-built 3D modelling 
techniques at NPP A1 decommissioning was advised by EDF within the IAEA Technical cooperation 
project SLR/4/008 “Robotic Technologies for Decontamination and Decommissioning of the 
Bohunice A1 NPP”. This is intended as a component of a 3D technological chain ensuring acquisition 
and evaluation of digitised information leading to ALARA optimisation of the decommissioning 
procedures (Fig.1). The tool was developed by SCK•CEN during the BR3 reactor decommissioning  
aiming at addressing dose optimisation tasks.  

It allows the user to make fast dose assessments for activities planned in a radioactive environment 
and, on the basis of alternative work scenarios, to select the most suited working trajectories taking 
into account work duration, DR and dose account. and radiological and geometrical configuration. The 
DR calculations are based on the 3D model of the work place and on the point-kernel calculation 
technique using an infinite media build-up correction and Monte Carlo integration method [1]. 

The VISIPLAN license was purchased by IAEA and granted to VUJE and NPP A1 within the IAEA 
TC project SLR/4/008 [2], including also basic and advanced training (at NPP A1 real 
decommissioning environment), and is currently used by VUJE analysts at NPP A1 decommissioning 
as an ALARA tool for intervention planning and optimisation.  

VISIMODELER auxiliary software for transfer of digital 3D models into VISIPLAN tool. In the 
case of very complex structures to be modelled for ALARA purposes, VISIMODELER SW [3] (also 
purchased by the IAEA and delivered to VUJE), enables the direct transfer of developed 3D objects 
(elementary primitives) to VISIPLAN. A lot of manpower devoted to drawing the above-mentioned 
complex geometry is saved. 

3D laser scanning by SOISIC and CALLIDUS scanners and 3Dipsos as-built technique. 3D laser 
scanner SOISIC and software 3Dipsos (Interpretation of Points in the form of Semantic Objects) are 
used for acquiring of real state of civil engineering constructions and equipment within the A1 NPP 
since 1999. A new laser scanner Callidus and respective SW license for 3D modelling and 
Visimodeller license were granted by IAEA to VUJE within the Technical co-operation project. 

Figure 1 Proposed VUJE processing chain for 3D & gamma acquisitions, 3D & gamma modeling as 
advised by EDF within the SLR4/008 IAEA TCP project 

SLR/4/008 in 2003. Delivered HW and SW have been used for radiation protection optimisation of 
dismantling and decontamination activities a short time after delivery and trainings. The new scanner 
Callidus improves the VUJE’s ability to provide effective scanning inside the hostile environment 
together with decreasing the exposures committed to operators. Virtually any type of industrial 
environment can be scanned efficiently if the operator has access to both scanners Callidus and 
SOISIC.

The ALADIN 1 gamma camera (NPP A1). The ALADIN 1 gamma camera was bought by NPP A1 
in the past. One of the problems of that old-fashioned equipment is the big size of the rack designed 
for the necessary electronics which limits its transportability within NPP A1. The device needed some 
innovation and repair, that being one of the issues of SLR/4/008. 

3. Applications of advanced techniques at NPP A1 decommisssioning 

3.1. 3D VISIPLAN ALARA planning tool.  
The VISIPLAN tool application was very effectively expedited by advance training based on real site 
ALARA decommissioning exercises tutored by SCK•CEN and EDF experts which took place at 
VUJE training centre. It quickly became the basis of ALARA radiation protection procedures provided 
by VUJE for decommissioning activities. The applications ranged from simple to more complex 
ALARA planning tasks including selection of the most suitable sequence of complex working 
procedures [4]. Two examples of the lastly mentioned tasks are described below as ALARA 
applications. 

Removal of inner liners from underground reservoirs – ALARA example No.1. Four large 
underground storage reservoirs were planned for clean up in 2004. Their inner plastic liners are 
degrading and contaminated sludge is entering into the degrading structures and underlying concrete 
walls. Two such reservoirs with higher dose rates (0.05 – 0.2 mSv/h) were to be subjected to 
intervention following ALARA planning. The Public Health authority also required to recalculate 
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due to the relatively short laser scanning time of the given work place including equipment and rooms. 
Moreover, this technique provides very accurate as-built information in proper digitized format.  

The information resulting from digital 3D model can be transfered, into the above-mentioned 3D 
ALARA planning tool, also, for optimization of working trajectory and reduction of intervention 
doses. The disadvantage of the method is the necessary high investment (equipment and modeling 
software) and high complexity of the scanning and follow-up modeling procedures requiring 
specialized training.  

If elevated dose rates in a hostile area are due to a small number of sources, further dose reduction for 
can be achieved by using proper gamma imagery for identification and positioning of these sources. 
Compact size and good portability of such a camera are very important properties in its successful use 
for the planned NPP A1 decommissioning.

2. Description of the methods and applied techniques  
The 3D VISIPLAN planning tool. The use of VISIPLAN together with as-built 3D modelling 
techniques at NPP A1 decommissioning was advised by EDF within the IAEA Technical cooperation 
project SLR/4/008 “Robotic Technologies for Decontamination and Decommissioning of the 
Bohunice A1 NPP”. This is intended as a component of a 3D technological chain ensuring acquisition 
and evaluation of digitised information leading to ALARA optimisation of the decommissioning 
procedures (Fig.1). The tool was developed by SCK•CEN during the BR3 reactor decommissioning  
aiming at addressing dose optimisation tasks.  

It allows the user to make fast dose assessments for activities planned in a radioactive environment 
and, on the basis of alternative work scenarios, to select the most suited working trajectories taking 
into account work duration, DR and dose account. and radiological and geometrical configuration. The 
DR calculations are based on the 3D model of the work place and on the point-kernel calculation 
technique using an infinite media build-up correction and Monte Carlo integration method [1]. 

The VISIPLAN license was purchased by IAEA and granted to VUJE and NPP A1 within the IAEA 
TC project SLR/4/008 [2], including also basic and advanced training (at NPP A1 real 
decommissioning environment), and is currently used by VUJE analysts at NPP A1 decommissioning 
as an ALARA tool for intervention planning and optimisation.  

VISIMODELER auxiliary software for transfer of digital 3D models into VISIPLAN tool. In the 
case of very complex structures to be modelled for ALARA purposes, VISIMODELER SW [3] (also 
purchased by the IAEA and delivered to VUJE), enables the direct transfer of developed 3D objects 
(elementary primitives) to VISIPLAN. A lot of manpower devoted to drawing the above-mentioned 
complex geometry is saved. 

3D laser scanning by SOISIC and CALLIDUS scanners and 3Dipsos as-built technique. 3D laser 
scanner SOISIC and software 3Dipsos (Interpretation of Points in the form of Semantic Objects) are 
used for acquiring of real state of civil engineering constructions and equipment within the A1 NPP 
since 1999. A new laser scanner Callidus and respective SW license for 3D modelling and 
Visimodeller license were granted by IAEA to VUJE within the Technical co-operation project. 

Figure 1 Proposed VUJE processing chain for 3D & gamma acquisitions, 3D & gamma modeling as 
advised by EDF within the SLR4/008 IAEA TCP project 

SLR/4/008 in 2003. Delivered HW and SW have been used for radiation protection optimisation of 
dismantling and decontamination activities a short time after delivery and trainings. The new scanner 
Callidus improves the VUJE’s ability to provide effective scanning inside the hostile environment 
together with decreasing the exposures committed to operators. Virtually any type of industrial 
environment can be scanned efficiently if the operator has access to both scanners Callidus and 
SOISIC.

The ALADIN 1 gamma camera (NPP A1). The ALADIN 1 gamma camera was bought by NPP A1 
in the past. One of the problems of that old-fashioned equipment is the big size of the rack designed 
for the necessary electronics which limits its transportability within NPP A1. The device needed some 
innovation and repair, that being one of the issues of SLR/4/008. 

3. Applications of advanced techniques at NPP A1 decommisssioning 

3.1. 3D VISIPLAN ALARA planning tool.  
The VISIPLAN tool application was very effectively expedited by advance training based on real site 
ALARA decommissioning exercises tutored by SCK•CEN and EDF experts which took place at 
VUJE training centre. It quickly became the basis of ALARA radiation protection procedures provided 
by VUJE for decommissioning activities. The applications ranged from simple to more complex 
ALARA planning tasks including selection of the most suitable sequence of complex working 
procedures [4]. Two examples of the lastly mentioned tasks are described below as ALARA 
applications. 

Removal of inner liners from underground reservoirs – ALARA example No.1. Four large 
underground storage reservoirs were planned for clean up in 2004. Their inner plastic liners are 
degrading and contaminated sludge is entering into the degrading structures and underlying concrete 
walls. Two such reservoirs with higher dose rates (0.05 – 0.2 mSv/h) were to be subjected to 
intervention following ALARA planning. The Public Health authority also required to recalculate 
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the first simplified dose scenario in order to re-consider the most suitable sequence of working 
procedures. 

The radiological models of the interiors of the 4 m high reservoirs (7 m diameter) were created by 
VISIPLAN using 3 or 4 elementary sources (cylinder bottom, lower and upper half part of cylinder 
mantel and a hot spot (in one case only). Different work scenarios for removing the liners were 
explored [5]. This required using VISIPLAN to estimate source strengths, scenario trajectories (for the 
workers) and operator individual and collective doses.  

Finally, the intervention minimal dose scenario for removing the reservoir 
liners, is the following: 

(1) Remove the hot spot at the bottom of the reservoir (in one case, only); 

(2) Remove the bottom liner (avoiding exposures during fragmentation); 

(3) a.) Erect the scaffolding and b.) remove the liner on the upper half of the 
reservoir; 

(4) Remove the liners on the bottom half of the reservoir mantel. 

The evaluation made after completing the plastic liner removal from the reservoirs (2004) showed 
significant overestimation of the calculated collective and individual doses. The main source of that 
overestimation was not found, however, in DR calculations but in crucial (2-fold) overestimation of 
the duration of removal (4 h), and, fragmentation (again almost a factor 2) [5]. 

Removal of contaminated pipes from a long corridor – ALARA example No.2. This task involves 
removing pipes and components from a 60 m corridor (Room 110 at A-1 NPP). On contact exposures 
vary from 1 to 10 mSv/h (dominated by 137Cs). The sources are located in 2 main areas: inside the 
horizontal pipes that run along the wall and ceiling and within the ground. Shielded pipes are cut into 
2 or 4m sections for removal depending on their size (108 and 46 mm). 

Figure 2. Photo, left: a section of piping room No 110, middle: Visiplan VRML model for optimized 
working procedure (to shield pipe by pipe, cut and remove 2 m long pipe sections pipe by pipe, store it 
in a temporary storage place and split the pipes on 40 cm pieces for packing into 200 l drums), right: the 
cleaned up piping room section. 

The following points were found important to keep the total collective doses ALARA: 

(1) It is important to know where and how many exposure measurements are made. This data 
influences source strength fitting and the quality of the radiological model, in general, but also 
the doses received by health physicists in a hostile environment;

(2) VISIPLAN simulations showed that the dose from the pipes decreases rapidly with the distance 
from the work area, crucial from this point of view are the first 2 m (for shielded) and 4 m long (for 
unshielded) pipe section on both sides; 

(3) According to this, all of the intervention activities, e.g. DR measurements, vacuum cleaning, 
placement of shielding were carried out sequentially with the typical length sections 8 - 10 m of 

the corridor. Shielding of the floor and canal was not necessary because vacuum cleaning was 
shown to be effective (loose). 

(1) Shielding the pipes in the vicinity of the work area (where a pipe is cut) reduces worker doses 
significantly.  

3.2. 3D laser as-built techniques 
3D scanning and modelling as the whole are relatively laborious and time consuming processes. This 
approach should be used in cases where manual characterisation is difficult or impossible mainly due 
to the radiological situation. The range of rates of scanning duration and modelling elevation is 
approximately 1:8 to 1:10, but the more experience and skills are acquired the less time is needed for 
modelling. Spatial laser scanning together with 3D modelling from drawings documentation can be 
used also for creation of 3D database of equipment and rooms that are to be decommissioned. It 
generally facilitates the planning of D&D activities in line with ALARA. In this regard, 3D models 
were created at NPP A1 for the reactor hall, hot cells, radioactive sludge tanks, room under the reactor 
bottom etc. 

Use of 3D “as-built model” together with the VISIPLAN tool. Transfer a 3D model as described 
above to VISIPLAN is not a simple task. It needs conversion of all data formats from the given 3D 
modelling environment to VISIPLAN taking into account all aspects of readability and understanding. 
This special task is ensured with an auxiliary code, VISIMODELLER [3]. 

Figure 3. Photo of equipment; scanning image (cloud of points) and final 3D model obtained by 
3Dipsos SW 

Scanning and transfer of 3D model of hot cell reservoir into the SW VISIPLAN. The 3D laser 
scanning of the hot cell reservoir was necessary before planning of dismantling activities. The 
radiological situation in the room (dose rates from 0.5 to 210 mSv/h) didn’t allow long-term stay of 
the operators. Available drawings documentation was incomplete and out of date, so as-built 
documentation was required for planning of the sludge sampling and dismantling activities. 3D laser 
scanning was applied and 3D model of the reservoir and accessories was created by modelling 
software 3Dipsos [6] as can be seen in Fig. 3. 

Figure 4 The 3D model of reservoir and its accessory transferred into VISIPLAN- VRML format (left), the steel 
shielding structure (its 3D model with given thickness of wall) with created muti-line source model (red lines, 
middle) and VR display of model with radiation map calculated by VISIPLAN (right)      
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the first simplified dose scenario in order to re-consider the most suitable sequence of working 
procedures. 

The radiological models of the interiors of the 4 m high reservoirs (7 m diameter) were created by 
VISIPLAN using 3 or 4 elementary sources (cylinder bottom, lower and upper half part of cylinder 
mantel and a hot spot (in one case only). Different work scenarios for removing the liners were 
explored [5]. This required using VISIPLAN to estimate source strengths, scenario trajectories (for the 
workers) and operator individual and collective doses.  

Finally, the intervention minimal dose scenario for removing the reservoir 
liners, is the following: 

(1) Remove the hot spot at the bottom of the reservoir (in one case, only); 

(2) Remove the bottom liner (avoiding exposures during fragmentation); 

(3) a.) Erect the scaffolding and b.) remove the liner on the upper half of the 
reservoir; 

(4) Remove the liners on the bottom half of the reservoir mantel. 

The evaluation made after completing the plastic liner removal from the reservoirs (2004) showed 
significant overestimation of the calculated collective and individual doses. The main source of that 
overestimation was not found, however, in DR calculations but in crucial (2-fold) overestimation of 
the duration of removal (4 h), and, fragmentation (again almost a factor 2) [5]. 

Removal of contaminated pipes from a long corridor – ALARA example No.2. This task involves 
removing pipes and components from a 60 m corridor (Room 110 at A-1 NPP). On contact exposures 
vary from 1 to 10 mSv/h (dominated by 137Cs). The sources are located in 2 main areas: inside the 
horizontal pipes that run along the wall and ceiling and within the ground. Shielded pipes are cut into 
2 or 4m sections for removal depending on their size (108 and 46 mm). 

Figure 2. Photo, left: a section of piping room No 110, middle: Visiplan VRML model for optimized 
working procedure (to shield pipe by pipe, cut and remove 2 m long pipe sections pipe by pipe, store it 
in a temporary storage place and split the pipes on 40 cm pieces for packing into 200 l drums), right: the 
cleaned up piping room section. 

The following points were found important to keep the total collective doses ALARA: 

(1) It is important to know where and how many exposure measurements are made. This data 
influences source strength fitting and the quality of the radiological model, in general, but also 
the doses received by health physicists in a hostile environment;

(2) VISIPLAN simulations showed that the dose from the pipes decreases rapidly with the distance 
from the work area, crucial from this point of view are the first 2 m (for shielded) and 4 m long (for 
unshielded) pipe section on both sides; 

(3) According to this, all of the intervention activities, e.g. DR measurements, vacuum cleaning, 
placement of shielding were carried out sequentially with the typical length sections 8 - 10 m of 

the corridor. Shielding of the floor and canal was not necessary because vacuum cleaning was 
shown to be effective (loose). 

(1) Shielding the pipes in the vicinity of the work area (where a pipe is cut) reduces worker doses 
significantly.  

3.2. 3D laser as-built techniques 
3D scanning and modelling as the whole are relatively laborious and time consuming processes. This 
approach should be used in cases where manual characterisation is difficult or impossible mainly due 
to the radiological situation. The range of rates of scanning duration and modelling elevation is 
approximately 1:8 to 1:10, but the more experience and skills are acquired the less time is needed for 
modelling. Spatial laser scanning together with 3D modelling from drawings documentation can be 
used also for creation of 3D database of equipment and rooms that are to be decommissioned. It 
generally facilitates the planning of D&D activities in line with ALARA. In this regard, 3D models 
were created at NPP A1 for the reactor hall, hot cells, radioactive sludge tanks, room under the reactor 
bottom etc. 

Use of 3D “as-built model” together with the VISIPLAN tool. Transfer a 3D model as described 
above to VISIPLAN is not a simple task. It needs conversion of all data formats from the given 3D 
modelling environment to VISIPLAN taking into account all aspects of readability and understanding. 
This special task is ensured with an auxiliary code, VISIMODELLER [3]. 

Figure 3. Photo of equipment; scanning image (cloud of points) and final 3D model obtained by 
3Dipsos SW 

Scanning and transfer of 3D model of hot cell reservoir into the SW VISIPLAN. The 3D laser 
scanning of the hot cell reservoir was necessary before planning of dismantling activities. The 
radiological situation in the room (dose rates from 0.5 to 210 mSv/h) didn’t allow long-term stay of 
the operators. Available drawings documentation was incomplete and out of date, so as-built 
documentation was required for planning of the sludge sampling and dismantling activities. 3D laser 
scanning was applied and 3D model of the reservoir and accessories was created by modelling 
software 3Dipsos [6] as can be seen in Fig. 3. 

Figure 4 The 3D model of reservoir and its accessory transferred into VISIPLAN- VRML format (left), the steel 
shielding structure (its 3D model with given thickness of wall) with created muti-line source model (red lines, 
middle) and VR display of model with radiation map calculated by VISIPLAN (right)      
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Transfer of the 3D model into VISIPLAN was carried out through CAD system MICROSTATION 
V8. The VISIMODELLER is in fact a MICROSTATION application and direct transfer of 3D data to 
VISIPLAN is possible only through this CAD system. The described sequence was tested and has 
been debugged.  Also, other modelling software packages for creation of 3D models from laser 
scanning or from drawings data can be used with the same transfer mechanism into VISIPLAN. 

After transfer of 3D model into VISPLAN it is necessary to assign material and wall thickness data to 
imported geometrical model and create proper 3D source model defining isotopes, activities and 
positions (Fig 4 -middle). After these tasks are completed one can make DR calculations, DR map 
analysis (Fig 4 - right) and conduct the needed ALARA applications: calculate doses along work 
trajectories and scenarios and eventually select the work scenario with the minimal dose burden to 
operators. 

4. Conclusions 
According to the experiences learned during implementation and employment of VISIPLAN planning 
to NPP A1 decommissioning, the following can be stated: 

(1) VISIPLAN planning tool is employed for ALARA applications at NPP A1 decommissioning. It 
was expedited by advanced training with real environment exercises tutored by SCK-CEN. This 
was only possible thanks to the extensive support of the IAEA within the SLR/4008 TC 
project[2]. 

(2) The methodology built in VISIPLAN has helped VUJE analysts to implement good practices in 
ALARA planning. It allows comprehensive analysis of alternative dose scenarios and effective 
presentation of doses for D&D activities at NPP A1. 

(3) Correct use of VISIPLAN requires control of DR calculation uncertainties and specific skills in 
the field of spatial analytical geometry and shielding physics (use of build-up factors).  

(4) Experience learned with 3D laser scanners shows that they could be used not only for scanning 
of technological equipment, but also for civil engineering parts including upper part of 
underground tanks etc. They were shown to be very effective for planning of D&D activities 
when as built models were needed in the cases of hostile areas with high radiation field, difficult 
approach of personnel to equipment, etc.). Due to short scanning time they lead in these cases 
also to reduction of operator doses. Transfer of created 3D models directly into VISIPLAN 
speeds up the necessary activities. 
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Transfer of the 3D model into VISIPLAN was carried out through CAD system MICROSTATION 
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Abstract. This paper reports a combination of in situ measurement methods used for radiological 
characterization of four fission product tanks located in a cell of a fuel reprocessing research facility. The challenge was 
to dismantle the tanks only after the lowest possible activity level had been reached. The tanks were decontaminated by a 
series of chemical treatments from 1999 to 2004. The decontamination factor was evaluated using innovative in situ 
measurement methods combining elementary dose rate characterization with more sophisticated techniques such as 
CdZnTe gamma spectrometry and gamma imaging to localize the contamination and determine its activity level.  

The paper explains how each method contributes to the overall result in terms of localization, fingerprinting and activity 
levels. The results together are used as input data for calculation codes to create a 3D radiological model; both the 
MERCURE and VISIPLAN codes were used for this purpose. The decontamination efficiency and residual activity level 
were then determined. The latter ranged from a few TBq to a few GBq. These methods are now routinely used to 
determine the radiological conditions of a process or a portion of a facility. 

1. Introduction 
In situ measurement campaigns were carried out to monitor the progress of decontamination prior to 
dismantling a facility dedicated to research and development in the area of spent fuel reprocessing [1]. These 
campaigns also consolidated the basic radiological data required for planning the dismantling scenario. 

Two examples are discussed here to illustrate in situ measurement methods. The first concerns a fission 
product (FP) storage tank, and the second a group of four tanks. These two examples thus cover both single- 
and multiple-source measurements. 

1.1. Objectives 
Basic data—particularly radiological data—are essential for decommissioning scenario studies. The data are 
used as input for scenarios concerning safety and nuclear waste management. Radiological inspections are 
then used to consolidate the data throughout the decontamination and dismantling operations. 

1.2. Industrial context 
The building is now being decommissioned. After the final shutdown in 1997, decontamination operations 
began immediately and will be followed by dismantling. At the present time, the dismantling studies are 
therefore coupled with decontamination operations. The decision to decontaminate some equipment items is 
based on the activity levels, the absence of disposition routes for the future waste packages, the intention to 
reduce the activity levels of large volumes, and the option to dismantle the facility as quickly as possible by 
direct hands-on operation. During this phase, in situ measurements are used to evaluate the source terms and 
to monitor the progress of decontamination operations. 

2. In situ measuring techniques 
The analysis techniques used for radiological characterization were gamma spectrometry, dose rate 
measurement and gamma imaging. 

Gamma spectrometry detectors compatible with industrial operating requirements in buildings being 
dismantled use CdZnTe probes [2], which provide energy response characteristics suitable for the 
radionuclides encountered (< 2 MeV). Their efficiency is compatible with the activity levels encountered 
(> 1 GBq). They are compact and lightweight probes that can be mounted on mechanical devices for 
positioning the detectors with respect to the radioactive sources. 
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2.1. In situ radiological characterization methodology 
In practice, the procedure is initiated by dose rate measurements to provide a rapid overview of the radiation 
level or to identify the need for radiation mapping to localize hot spots or extended contamination zones. 
Atmospheric sampling indicates the level of transferable contamination. These two methods are used to 
specify the operating conditions. 

The second step is to observe the radionuclide quality by gamma spectrometry. The spectrum can also be 
analyzed to provide qualitative data if the source geometry and the quality of the screens separating the source 
from the detector are known. In complex situations, for example when the source geometry  is unknown or 
with a large number of sources, a gamma camera can be highly useful. 

Calculation codes supplement the source term assessment when interpreting physical data supplied by the 
instrumentation, particularly in two circumstances: plotting efficiency functions for gamma spectrometry 
[3][4] and interpreting the radiological consequences of multiple sources in a single room. 

3. Measurement results 
Two measurement configurations are described. They differ by the instrumentation used and the methodology 
applied. The techniques were selected in the light of the operating conditions and the number of sources. 

3.1. Individual tank 
A fission product tank is situated in an inaccessible location (Figure 1). The detection systems were inserted 
through a borehole in the cell roof.  

A major decontamination operation is scheduled for this tank. In situ measurement results were required to 
obtain the baseline condition of the tank prior to decontamination, to monitoring decontamination progress 
and to determine the final state after decontamination. 

This example raises the issue of the appropriate 
instrumentation for each type of need. The 
measurement sequences begin with dose rate mapping. 
The same type of measurement is repeated during the 
decontamination period. 

3.2. Dose rate measurements 
Two types of dose rate measurements were carried out. 
The first consisted of scanning a vertical profile along 
the centerline of the roof access borehole (Figure 2). 
The resulting profile clearly shows the main source 
concentrated near the bottom of the tank and the 
concentration level over time was proportional to the 
dose rate (Figure 2a). As the decontamination 
progressed, the main source diminished and ancillary 
sources appeared (Figure 2b). Figure 1. Overhead view of the tank from the 

access borehole 
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Figure 2. Dose rate measurement results

The process complexity around the tank made it 
impossible to accurately localize the radioactive 
sources. A collimation system was coupled with the 
scan to localize the sources (Figure 3). VISIPLAN
[5] was then used on the basis of a physical model 
derived from the dose rate profile (Figure 2a), the 
source distribution observed on a gamma image 
(Figure 4) [6] and a standard spectrum (100% 
137Cs). Gamma spectrometry was not used to 
evaluate the standard spectrum given the frequency 
of the radiochemical analyses. Moreover, the 
standard spectrum was stable. 

A gamma camera was used to perform the initial 
inspection to localize the contamination hot spots. 
The result is the most likely combined distribution 
of the two sources: an internal equipment item and 
the tank bottom (Figure 5). 

The auto solve option was unsuccessful, and the 
dose rate profile was approximated manually. The 
result indicated an activity of 80 TBq at the tank 
bottom and 20 TBq from internal components, for a 
total activity of about 100 TBq.
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3.3. Four tanks 
Four fission product storage tanks are installed in a room 
accessible only via two penetrations in the roof slab 
(Figure 6).

The preliminary assessment was based on dose rate maps 
along the centerlines of both overhead penetrations. The 
data were not sufficient for a reliable estimate of the 
activity in each tank, and the gamma spectrum was 
unknown. 

A gamma spectrometry measurement was performed, and 
spectrum processing revealed two main radionuclides: 
137Cs and 125Sb (Figure 7). 

At this stage, however, the data were insufficient to 
determine the radioactivity level of each source. A 
gamma camera was therefore used to localize, and to 
estimate the extent and activity levels of all the sources 
(Figure 8).

Each tank was inspected, and the relative contribution of 
each tank to the ambient dose rate was estimated using 
the VISIPLAN code. A preliminary source term 
assessment was then obtained (Table 1, Figure 9).

Table 1. Activity (Bq) determined by VISIPLAN

 Activity (Bq) 

Tank 210_10 8.40 × 1011

Tank 210_11 3.20 × 1012

Tank 210_12 8.50 × 1011

Tank 801_10 3.50 × 1011

Relative error 17.71% 

Figure 6. 3D representation of fission product 
storage tanks 

Figure 7. Ambient spectrum 

Figure 8. Gamma image of tank 210-10 

Figure 9. VISIPLAN model of the tanks 

4. Verifying the results 
Mechanical devices were used to place two detectors at a distance of 10 cm from the tank wall in order to 
measure the dose rate and gamma spectrum. Spectrum processing by numeric calibration [7] was used to 
estimate the activity levels in each tank (Table 2.). 

Table 2. Activity estimated from gamma spectra 10 cm from the bottom of the tank 

Tank Experimental dose rate 
µGy/h 

Calculated activity  
Bq 

Precision of  
mercury dose rate 

Tank 210_10 1.74 × 105 2.45 × 1011 2.59 × 10-2

Tank 210_11 6.94 × 105 9.76 × 1011 2.59 × 10-2

Tank 210_12 3.04 × 105 3.05 × 1011 5.28 × 10-3

Tank 801_10 2.20 × 104 1.95 × 1010 4.55 × 10-2

The results are consistent, but evaluating the influence of the source geometry showed that the measurement 
error can be substantial (Table 3.). 

Table 3. Estimated error arising from source geometry 

Tank Exp. dose rate  
µGy/h 

Calculated activity  
Bq Source geometry 

Tank 210_12 3.04 × 105 3.05 × 1011 10.8 cm screen 

Tank 210_12 3.04 × 105 4.07 × 1011 10 cm screen 

Tank 210_12 3.04 × 105 5.81 × 1011 9 cm screen 

Tank 210_12 3.04 × 105 6.96 × 1011 8.5 cm screen 

5. Conclusion 
The methods applied to estimate the activities by in situ measurements met the objectives of the 
decommissioning studies. In both cases the estimated decontamination effectiveness was very close to the 
radiochemical analysis results and allowed the source term to be evaluated. The images were also used 
directly to guide the decontamination techniques. The images provide an indication of the contamination 
geometry. In addition, both characterization methods show that the proper instrumentation must be specified 
in each case, depending on the industrial configuration of the components and on the results of radiological 
mapping. Dose rate measurements are a reliable indicator for decontamination monitoring, but are limited in 
the case of multiple sources in a small volume of complex standard spectra. The gamma camera is thus used 
to localize sources in complex settings, and gamma spectrometry to evaluate the standard spectrum. 
Calculation codes are then implemented to process the raw physical data. The overall quality of the results 
depends on comprehensive knowledge of the industrial configuration, without which substantial errors may 
result. 
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Decommissioning of Barsebäck NPP 

H. Lorentz 

 Barsebäck Kraft AB 
 Sweden 

Abstract: Barsebäck is a nuclear power plant located in southern Sweden on the west coast of Skåne. 
Barsebäck 1 and 2 are two BWRs with the capacity of 615 MWe each and have produced electricity since 
1975/1977. According to a political decision Barsebäck 1 was closed permanently on 30 November 1999 and 
Barsebäck 2 on 31 May 2005. Barsebäck 1 has been in the so-called Service operation since 12 December 2001, 
when all fuel had been transported away. Barsebäck 2 is now in the so-called position of Defuelled core, waiting 
for an environmental license including a approved Environmental Impact Assessment. A strategic position has 
been taken concerning the future dismantling of Barsebäck 1 and Barsebäck 2: Service operation must be simple, 
safe and cost-optimised. This means placing the plant in the lowest energy mode, reducing the need for 
monitoring, minimising residual safety risks and optimising the costs of service operation and future 
dismantling. Dismantling of Barsebäck 1 and Barsebäck 2 will probably be carried out under a joint project. 
Final storage for the short-lived low- and medium-active dismantling waste, SFR-3, must be ready before 
dismantling begins. According to the present plan, SFR-3 will not be ready for service until 2020 at the earliest. 
Intermediate storage must be avoided. This leads to the present planning, which means that dismantling of 
Barsebäck will not start before 2020. 

1. Introduction 

1.1. Description of the installation 

The Barsebäck NPP is owned by E.ON Kärnkraft Sverige AB (EKS), a subsidiary of E.ON Sverige 
AB. The nuclear power plant is located in southern Sweden on the west coast of Skåne. The plant’s 
main characteristics are given below. 

Barsebäck 1 and 2 

Type: BWR (boiling water reactor) 

Capacity: 1800 MWt/615 MWe 

Start of operation 1975 respective 1977 

Contractor: ASEA Atom (Westinghouse Electric Sweden) 

Owner of the plant:  E.ON Kärnkraft Sverige AB, EKS 

Operated by: Barsebäck Kraft AB, Vattenfall 

Production: Barsebäck 1: total 93,4 TWh net (1999) 

Barsebäck 2: total 108 TWh net (31/5 2005) 

Status: Barsebäck 1: permanently shut down since 30 November 1999. 

 Barsebäck 2: shut down since 31 May, 2005. 

Operating status: Barsebäck 1: Service operation. 

 Barsebäck 2: Defuelled core 

Barsebäck 1 and Barsebäck 2 are two adjacent installations structurally linked via electrical buildings, 
control rooms and personnel buildings. A number of process systems are also integrated between the 
units. 
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Abstract: Barsebäck is a nuclear power plant located in southern Sweden on the west coast of Skåne. 
Barsebäck 1 and 2 are two BWRs with the capacity of 615 MWe each and have produced electricity since 
1975/1977. According to a political decision Barsebäck 1 was closed permanently on 30 November 1999 and 
Barsebäck 2 on 31 May 2005. Barsebäck 1 has been in the so-called Service operation since 12 December 2001, 
when all fuel had been transported away. Barsebäck 2 is now in the so-called position of Defuelled core, waiting 
for an environmental license including a approved Environmental Impact Assessment. A strategic position has 
been taken concerning the future dismantling of Barsebäck 1 and Barsebäck 2: Service operation must be simple, 
safe and cost-optimised. This means placing the plant in the lowest energy mode, reducing the need for 
monitoring, minimising residual safety risks and optimising the costs of service operation and future 
dismantling. Dismantling of Barsebäck 1 and Barsebäck 2 will probably be carried out under a joint project. 
Final storage for the short-lived low- and medium-active dismantling waste, SFR-3, must be ready before 
dismantling begins. According to the present plan, SFR-3 will not be ready for service until 2020 at the earliest. 
Intermediate storage must be avoided. This leads to the present planning, which means that dismantling of 
Barsebäck will not start before 2020. 

1. Introduction 

1.1. Description of the installation 

The Barsebäck NPP is owned by E.ON Kärnkraft Sverige AB (EKS), a subsidiary of E.ON Sverige 
AB. The nuclear power plant is located in southern Sweden on the west coast of Skåne. The plant’s 
main characteristics are given below. 

Barsebäck 1 and 2 

Type: BWR (boiling water reactor) 

Capacity: 1800 MWt/615 MWe 

Start of operation 1975 respective 1977 

Contractor: ASEA Atom (Westinghouse Electric Sweden) 

Owner of the plant:  E.ON Kärnkraft Sverige AB, EKS 

Operated by: Barsebäck Kraft AB, Vattenfall 

Production: Barsebäck 1: total 93,4 TWh net (1999) 

Barsebäck 2: total 108 TWh net (31/5 2005) 

Status: Barsebäck 1: permanently shut down since 30 November 1999. 

 Barsebäck 2: shut down since 31 May, 2005. 

Operating status: Barsebäck 1: Service operation. 

 Barsebäck 2: Defuelled core 

Barsebäck 1 and Barsebäck 2 are two adjacent installations structurally linked via electrical buildings, 
control rooms and personnel buildings. A number of process systems are also integrated between the 
units. 
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1.2. History 
In 1997 the Swedish Parliament passed the law on the phasing-out of nuclear power. The law entitles 
the government to decide whether the right to operate a nuclear power plant should cease. 

On 5 February 1998, the government decided, [on the basis of the law on the phasing-out of nuclear 
power], that Barsebäck 1 should close in June 1998. An appeal to the Supreme Administrative Court 
meant that the closure was temporarily postponed. After the Supreme Administrative Court declared 
that the government’s decision should stand, Barsebäck 1 was closed permanently on 30 November 
1999. 

When the final political decision was taken that Barsebäck 1 would close down, the management of 
the company, together with the trade unions, set up a project called Framtidsfabriken/Nya Fabriken 
[The Future Factory/The New Factory] with the aim of carrying out a broad preliminary study of 
possible future scenarios and describing these from the corporate and individual point of view. The 
employees did the work with a high degree of participation. 

On 16 December 2004, the government decided, on the basis of the law on the phasing-out of nuclear 
power that Barsebäck 2 should close on 31 May 2005. 

1.3. State of the ownership 
The owner of Barsebäck NPP, E.ON Kärnkraft Sverige AB (EKS), is responsible for 
decommissioning by and dismantling the Barsebäck plant. EKS plans to minimise the life cycle cost 
and dose load for its total decommissioning undertaking for the Barsebäck plant while taking into 
consideration the interests of future generations. Barsebäck Kraft AB (BKAB) has been commissioned 
by EKS to do this work. BKAB is part of the Ringhalsgruppen and is owned by Ringhals AB 
(70.44%) and EKS (29.56%) 

2. Organization 
On 1 April 2002, a new, integrated organisation was formed, consisting of the two companies 
Ringhals AB and BKAB, which together made up the Ringhals group, a new organisation with about 
1500 employees. The two companies will continue to operate as two separate legal entities. 

On 1 July 2006, as a result of the closure of the Barsebäck 2, BKAB was reorganised to adapt the 
organisation to the prevailing operating mode. The personnel requirement has fallen from about 345 
people to about 127 people. 

When Service operation is fully established, the personnel requirement will fall from 127 to 38 people. 
According to plan that will happen in January 2007 

3. The requirements situation 
According to §10 of the Act on nuclear activity (1984:3), the licensees of the nuclear installations in 
Sweden are responsible for: 

� Maintaining safety with regard to the nature of the activity and the conditions under which it is 
carried out. 

� Safely handling and finally storing the nuclear waste produced in the activity or any nuclear 
material arising from it that is not re-used. 

� Safely decommissioning and dismantling the installation in which the activity is no longer to be 
carried out. 

The Swedish Radiation Protection Authority (SSI) requires that there should be a preliminary plan for 
future decommissioning when a nuclear installation is built. This is a later requirement, which did not 
exist when the Barsebäck plant was built. Not later than one year after the installation has been finally 
shut down, SSI requires the licensee broadly to state and justify goals, measures and a timetable for 
the decommissioning. Nine months before dismantling begins, a detailed dismantling plan must be 
submitted to SSI.  
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The Swedish Nuclear Power Inspectorate (SKI) requires that, before an installation can be built, a 
preliminary plan for future decommissioning must have been drawn up. The preliminary plan must be 
kept up to date as long as the installation is in operation. Before dismantling and demolition of the 
installation can begin, the decommissioning plan must be updated and incorporated in the safety 
analysis report of the installation, as well as undergo safety renew and approval by SKI. 

In 1999, new environmental legislation - an environmental code - was introduced in Sweden. The 
Environmental Code [Miljöbalken] gathers all legislation in the environmental area in one place. At 
the same time, the scope of the legislation has been made broader and deeper. One new feature is that 
the operation of existing nuclear power plants must also be subjected to environmental testing. It is a 
requirement of the Environmental Code SFS (1998:808) that an environmental impact assessment 
(EIA) should be included in an application for an environmental licence to build, operate or change the 
activity. An application for an environmental licence and an updated EIA must be sent to the 
Environmental Court before a nuclear power plant is finally shut down. 

4. Strategy 

Figure 1. Scenario for decommissioning of Barsebäck 1 and 2 

Investigations have led to the following strategies being developed for shutdown and service operation 
of the Barsebäck plant:

� Service operation must be simple, safe and cost-optimised. This means placing the plant in the 
lowest energy mode, reducing the need for monitoring, minimising residual safety risk and 
optimising the costs of service operation and future dismantling; 

� Dismantling of Barsebäck 1 and Barsebäck 2 will probably be carried out under a joint project; 

� Ultimate storage for the short-lived low- and medium-active dismantling waste, SFR-3, must be 
ready before dismantling begins. According to the present plan from SKB, SFR-3 will not be 
ready for service until 2020 at the earliest. Intermediate storage must be avoided for reasons of 
cost and radiological considerations. 

This leads to the present planning, which means that dismantling of Barsebäck will not start before 
2020. 

Given the time horizon of “2020 at the earliest” there is no point in starting comprehensive or detailed 
planning of the actual dismantling phase. In the short term, it is more urgent to carry out a number of 
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that the government’s decision should stand, Barsebäck 1 was closed permanently on 30 November 
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When the final political decision was taken that Barsebäck 1 would close down, the management of 
the company, together with the trade unions, set up a project called Framtidsfabriken/Nya Fabriken 
[The Future Factory/The New Factory] with the aim of carrying out a broad preliminary study of 
possible future scenarios and describing these from the corporate and individual point of view. The 
employees did the work with a high degree of participation. 

On 16 December 2004, the government decided, on the basis of the law on the phasing-out of nuclear 
power that Barsebäck 2 should close on 31 May 2005. 

1.3. State of the ownership 
The owner of Barsebäck NPP, E.ON Kärnkraft Sverige AB (EKS), is responsible for 
decommissioning by and dismantling the Barsebäck plant. EKS plans to minimise the life cycle cost 
and dose load for its total decommissioning undertaking for the Barsebäck plant while taking into 
consideration the interests of future generations. Barsebäck Kraft AB (BKAB) has been commissioned 
by EKS to do this work. BKAB is part of the Ringhalsgruppen and is owned by Ringhals AB 
(70.44%) and EKS (29.56%) 

2. Organization 
On 1 April 2002, a new, integrated organisation was formed, consisting of the two companies 
Ringhals AB and BKAB, which together made up the Ringhals group, a new organisation with about 
1500 employees. The two companies will continue to operate as two separate legal entities. 

On 1 July 2006, as a result of the closure of the Barsebäck 2, BKAB was reorganised to adapt the 
organisation to the prevailing operating mode. The personnel requirement has fallen from about 345 
people to about 127 people. 

When Service operation is fully established, the personnel requirement will fall from 127 to 38 people. 
According to plan that will happen in January 2007 

3. The requirements situation 
According to §10 of the Act on nuclear activity (1984:3), the licensees of the nuclear installations in 
Sweden are responsible for: 

� Maintaining safety with regard to the nature of the activity and the conditions under which it is 
carried out. 

� Safely handling and finally storing the nuclear waste produced in the activity or any nuclear 
material arising from it that is not re-used. 

� Safely decommissioning and dismantling the installation in which the activity is no longer to be 
carried out. 

The Swedish Radiation Protection Authority (SSI) requires that there should be a preliminary plan for 
future decommissioning when a nuclear installation is built. This is a later requirement, which did not 
exist when the Barsebäck plant was built. Not later than one year after the installation has been finally 
shut down, SSI requires the licensee broadly to state and justify goals, measures and a timetable for 
the decommissioning. Nine months before dismantling begins, a detailed dismantling plan must be 
submitted to SSI.  
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The Swedish Nuclear Power Inspectorate (SKI) requires that, before an installation can be built, a 
preliminary plan for future decommissioning must have been drawn up. The preliminary plan must be 
kept up to date as long as the installation is in operation. Before dismantling and demolition of the 
installation can begin, the decommissioning plan must be updated and incorporated in the safety 
analysis report of the installation, as well as undergo safety renew and approval by SKI. 

In 1999, new environmental legislation - an environmental code - was introduced in Sweden. The 
Environmental Code [Miljöbalken] gathers all legislation in the environmental area in one place. At 
the same time, the scope of the legislation has been made broader and deeper. One new feature is that 
the operation of existing nuclear power plants must also be subjected to environmental testing. It is a 
requirement of the Environmental Code SFS (1998:808) that an environmental impact assessment 
(EIA) should be included in an application for an environmental licence to build, operate or change the 
activity. An application for an environmental licence and an updated EIA must be sent to the 
Environmental Court before a nuclear power plant is finally shut down. 

4. Strategy 

Figure 1. Scenario for decommissioning of Barsebäck 1 and 2 

Investigations have led to the following strategies being developed for shutdown and service operation 
of the Barsebäck plant:

� Service operation must be simple, safe and cost-optimised. This means placing the plant in the 
lowest energy mode, reducing the need for monitoring, minimising residual safety risk and 
optimising the costs of service operation and future dismantling; 

� Dismantling of Barsebäck 1 and Barsebäck 2 will probably be carried out under a joint project; 

� Ultimate storage for the short-lived low- and medium-active dismantling waste, SFR-3, must be 
ready before dismantling begins. According to the present plan from SKB, SFR-3 will not be 
ready for service until 2020 at the earliest. Intermediate storage must be avoided for reasons of 
cost and radiological considerations. 

This leads to the present planning, which means that dismantling of Barsebäck will not start before 
2020. 

Given the time horizon of “2020 at the earliest” there is no point in starting comprehensive or detailed 
planning of the actual dismantling phase. In the short term, it is more urgent to carry out a number of 
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studies and produce the documentation that will be needed when procuring and carrying out 
dismantling and at the same time to build up general expertise concerning the dismantling process.  

The Pre-project, including project structure, environmental consequence assessment, safety report, 
obtaining licences, etc. for the final dismantling phase should, as far as we can judge at present, be 
initiated three to five years before the period when dismantling would be carried out. 

The ultimate aim of the decommissioning of the Barsebäck plant is that the remaining buildings of the 
installation, including the equipment, should be declared free-released or dismantled. The land must be 
reinstated and declared radiologically free-released, and the environmental requirements must be met 
in accordance with current official requirements.  

It would then be up to the plant owner (EKS) to decide what to do with buildings and the land as a 
whole. 

5. Operating mode at present and in the near future 

5.1. Barsebäck 1 operating mode, service operation 
The following main activities have been carries out on Barsebäck 1 since final closure: 

� The nuclear fuel has been transported away and the plant is in Service operation since 12 
December 2002. Service operation is maintained as follows: closed building, controlled 
ventilation, irradiated components covered by water in the ponds, fire monitoring/fire fighting 
and radioactivity metering equipment operational; 

� A number of systems and components without operating requirements have been conserved; 

� Preventive maintenance has been optimised for a shutdown installation, the intention being to 
switch to remedial maintenance to a greater extent; 

� An inventory of existing installation documentation continues. Among other things this involves 
placing the building drawings of B1 in an electronic library; 

� During 2005, a radioactivity survey of Barsebäck 1 and 2 was carried out. The report shows that 
the total radioactivity at the reference date (1/7/2005) at Barsebäck 1 (including the waste and 
service building) amounts to 14,000 TBq, of which the nuclide 60Co accounts for 2300 TBq. 
The total amount of waste for B1 amounts to about 3900 tonnes. The corresponding data for 
Barsebäck 2 is total radioactivity about 48,000 TBq, of which 60Co accounts for 4700 TBq. The 
total amount of waste for Barsebäck 2 will be about 3500 tonnes. A complete record of events 
that may have generated radioactive spillage into the Barsebäck plant have been assembled. 
Personal interviews and meetings with experienced employees accomplished this task; 

� B1 has been made available for two research projects, CONMOD (ageing resistance of 
concrete) and the materials testing project; 

� A preliminary study about reducing the temperature and the ventilation flow in the reactor and 
turbine building is complete. The measures proposed were assessed and some actions started 
during 2004; 

� Several contacts have been established and visits to European plants being dismantled have 
taken place. There has been participation in the work of national and international organisations 
on decommissioning issues. Cooperation with EON/EKS/BKAB began in 2003. A number of 
areas for exchange of experience were defined. 

5.2. Barsebäck 2 operating mode “operation with defuelled core” 
Barsebäck 2 is in the operating mode “operation with defuelled core” since 1 July 2005. In this mode, 
all nuclear fuel was moved from the reactor pressure vessel to a storage pool. Actions included in 
normal operation for nuclear power plants, in other words actions normally carried out in operation 
and maintenance, will be performed in this operating mode. Such actions include transferring spent 
nuclear fuel by stages to the central repository for spent nuclear fuel, CLAB, with the transport ship 
Sigyn. 

BKAB is now applying, via the environmental court in Växjö, an environmental licence for the 
decommissioning of the Barsebäck plant. BKAB is applying under the Environmental Code for 
shutdown and service operation, for starting the decommissioning of the Barsebäck plant. BKAB is 
expects the environmental licence, in autumn 2006 including an approved EIA. 

When a licence for shutdown operation has been obtained in accordance with the Environmental 
Code, a number of additional actions can be performed. In order to reduce the environmental impact 
and fire risk, oil and chemicals not needed for shutdown or service operation are removed. 

5.3. Future conditions for Barsebäck 1 and 2 – shutdown and service operation 
The criteria for establishing service operation are as follows: 

� All fuel must have been transported away from the installation to CLAB in Oskarshamn; 

� BKAB shall create a new management control system; 

� The Safety Analyse Report (SAR) and the Safety Technical Regulations (STF) must have been 
produced for Service operation and reported to SKI; 

� The NPP adapted in other respects for service operation. That means a plant not demanding 
continuous manning of the control room. 

The requirements for the reactor installation will be changed in the future. As a result of this, the need 
for a large number of systems and certain installation parts will disappear. Consequently it may be 
necessary to decontaminate systems that contain radioactivity and to decommission systems and parts 
of the installation. We may also wish to lend or sell components to other power plants, for example 
transformers, motors, pumps and valves, in order to reduce the need to purchase new components and 
to limit the amount of waste from the nuclear power sector as a whole. 

BKAB has produced a comprehensive description of the requirements that apply to shutdown 
operation of Barsebäck 2, and service operation of Barsebäck 1 and 2. A SAR for Barsebäck 1 and 2 
during Service operation is under development and will be accounted to SKI. 

Now that Barsebäck 1 and 2 have been shut down, the risk of a radiological accident has decreased, 
although the risk of a radiological accident has always been low. As long as there is fuel and 
radioactive waste at the power plant, there is a risk of a radiological accident. There must therefore 
continue to be a focus on a high degree of safety and a good safety culture. 

As long as there is fuel in the installation, it is mainly in connection with fuel handling that there is a 
risk of a radiological accident. Trained personnel will do fuel handling according to documented 
routines. The risk associated with fuel handling has not changed relative to before when the plant was 
in operation. 

If water is lost from the inside of the pond, internal scrapped parts will be exposed. This would lead to 
high radiation in the reactor hall and adjacent rooms, but it is not credible that this will affect the 
environment. 

Water and ion exchanger masses are handled in the waste. There is a small risk of discharge to the sea. 
The handling of water has decreased since the installation was shut down. There is a need to solidify 
ion exchanger masses in cement. The new equipment for solidifying in cement instead of bitumen has 
been installed and tested. Before the equipment can be taken into routine use, system descriptions 
must be produced and approved. The risks of radiological accident have decreased, since cement is 
less of a fire hazard. Trained and experienced personnel do the work according to set routines. 

The ABC store is used to store concrete moulds, concrete drums and bitumen drums. In the event of a 
fire there is a risk of radioactivity being spread to the surroundings, especially from the bitumen 
drums. The risks are the same as when the power plant was in operation. The areas have approved fire 
alarm and fire fighting systems. Routines for the action to be taken in the event of a fire alarm exist 
from the operational stage. The removal of bitumen drums will be given priority for transport to SFR. 
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during Service operation is under development and will be accounted to SKI. 

Now that Barsebäck 1 and 2 have been shut down, the risk of a radiological accident has decreased, 
although the risk of a radiological accident has always been low. As long as there is fuel and 
radioactive waste at the power plant, there is a risk of a radiological accident. There must therefore 
continue to be a focus on a high degree of safety and a good safety culture. 

As long as there is fuel in the installation, it is mainly in connection with fuel handling that there is a 
risk of a radiological accident. Trained personnel will do fuel handling according to documented 
routines. The risk associated with fuel handling has not changed relative to before when the plant was 
in operation. 

If water is lost from the inside of the pond, internal scrapped parts will be exposed. This would lead to 
high radiation in the reactor hall and adjacent rooms, but it is not credible that this will affect the 
environment. 

Water and ion exchanger masses are handled in the waste. There is a small risk of discharge to the sea. 
The handling of water has decreased since the installation was shut down. There is a need to solidify 
ion exchanger masses in cement. The new equipment for solidifying in cement instead of bitumen has 
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The ABC store is used to store concrete moulds, concrete drums and bitumen drums. In the event of a 
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The shutdown and service operation modes must ensure: 

� That the spread of radioactivity to the surroundings is limited; 

� Protect personnel and the surroundings from ionising radiation. 

During shutdown operation of Barsebäck 2, all systems required to cool and provide radiation 
shielding for spent fuel and core components will be operating, as well as systems for cleaning and 
delaying the release of radioactive substances. 

During service operation, a thorough investigation will be made to assess which systems are to be 
maintained and conserved and which can be allowed to degrade before re-establishment and 
dismantling. It is important that maintenance is not allowed to lag behind on the systems needed for 
the operation of the installation. This may lead to degradation of the installation. Strategic components 
needed during the dismantling period will be analysed, alternatives being continuous maintenance 
during service operation, or future new investments. Adaptation to the prevailing operating mode will 
imply that preventive maintenance will to an increasing extent be replaced by remedial maintenance 
on system parts that do not affect safety. 

Operation monitoring of Barsebäck 1 and 2 is done by Barsebäck 2. All significant alarms from 
Barsebäck 1 are signalled in the control room at Barsebäck 2, either as individual alarms or as 
collective alarms. A project is going on with the purpose of adapting the electrical systems to the 
future Service operation of Barsebäck 1 and 2. The plant safety should be arranged so that there will 
be no need for continuous manning. During day time personnel will supervise the activities. The 
security officer, with help from stand-by personnel, will handle supervision during the remaining time. 

Some examples of planned aktivities during Shut down- and Service operation are given below: 

� Supervision of Service operation to reduce the total operating and maintenance costs of the 
Barsebäck plant. This means to analyse preservation of system and components, maintenance 
costs tie to new purchase to the schedule with a long period of Service operation and thereafter 
the following Dismantling operation; 

� Through a planned preliminary study, to design a decontamination strategy for the Barsebäck 
plant; 

� Disposal of operational waste stored on site, which has arisen during the operational period of 
Barsebäck 1 and 2. Examples are used components such as core grid, moderator tank lid and ion 
exchanger masses produced during cleaning and filtering of process water; 

� Measures to reduce the total environmental impact and fire risk at the Barsebäck plant. Among 
other things this involves transporting away flammable materials such as turbine oil and 
chemicals; 

� Lowering of the temperature and reduction of the ventilation flow in the turbine and reactor 
building at Barsebäck 2. The aim is saving money by saving energy and adaptation to the needs 
of the prevailing operating mode; 

� Lighting and other electrical uses are continuously being reduced at Barsebäck 1 and this will 
also be done at Barsebäck 2; 

� Decommissioning planning, drawing up plans for the dismantling of the Barsebäck plant. 
Overall plans will be in more detail during the pre-project; 

� Continued work on archiving and documentation; 

� Continue building up knowledge through co-operation with national and international 
organizations work in the field of decommissioning. As an example is SKB Demolition group, 
commission for IAEA, WANO and WNA. Several contacts have been established and visits to 
European plants being dismantled have taken place and will continue; 

� Exchange of experience between E.ON Hannover, EKS and BKAB will continue in regard to 
selected strategical topics; 

� Using the Barsebäck plant for equipment testing and personnel training before overhaul work on 
other installations. All such work at Barsebäck will be assessed, prioritised and directed to get 
the correct quality assessment. The purpose must be to avoid mistakes in other installations and 
to reduce the total collective dose to personnel consistent with the ALARA principle. 

6. Experiences 
The closure of Barsebäck 1 and the uncertainty concerning the BKAB’s future has weighed heavily on 
many employees. Questions have been aired and discussed but the decisive and most important item 
on the agenda has been to maintain employees’ motivation and professionalism in their work. 

By making relatively quick decisions, before the definitive closure of Barsebäck 1, company 
management together with the trade unions attempted to predict the problems that could arise and to 
deal with them realistically. 

One way was to change the organisational structure according to the current plant status, provide 
security for employees through employment guarantees and thus increased potential for securing 
human resources. Establishing a mentoring system with regard to skills and experience feedback. A 
design school was established where some of the employees have had the opportunity to be retrained 
for other duties. Widen individual choice of other duties. 

Further means are, for example, to prioritise proposals that are positive from the viewpoint of the 
company and employees. This engenders creativity in individuals. 

The above measures taken at the sudden closure of a nuclear power station result in the following: 

� Good dialogue between the authorities that have expressed a positive attitude to Barsebäck 1’s 
decommissioning work; 

� Openness and positive dialogue with staff; 

� The individual can sense greater security and opportunities when faced with the future; 

� The company was confident about maintaining the skills for continuing to operate one unit and 
starting decommissioning on the shutdown unit.  This has now been further reinforced through 
Ringhals and Barsebäcks robust organisational structure. 

Following the political decision about the final shutdown of Barsebäck 2 the BKAB management 
BKAB in consultation with the trade unions have concluded a contract about the conversion of the 
employees into alternative occupations. As agreed there is a three year employment guarantee which 
began 31 May 2005 when Barsebäck 2 permanently shutdown. Each employee had the responsibility 
to analyse his situation and write down his individual development plan with the following options: 

� Continue the work at Barsebäck NPP; 

� Move to another job at Ringhals AB, Vattenfall AB, E.ON Sweden or another company on the 
external market; 

� Gain competence for a different job; 

� Retirement at the age of sixty during employment guarantee. 

Among those 345 individuals who were employed at Barsebäck NPP when Barsebäck 2 shutdown 
permanently 31 May 2005, the situation is as follows (1 March 2006): 

Retiring at BKAB (127); Retirement at the age of 60 (48); Move to Ringhals AB (31), Ringhals AB, 
distance at Barsebäck NPP (22), Doing Studies (29), Establishing Own company (8), Taking Leave of 
absence for a new employment (8), Leaving employment (14), Moving to BO adaptation group (39) 
and others (19). 

To recap these results we can state that BKAB: s management, in dialog with trade unions, provided 
excellent conditions to operating the NPP in a highly safe way until and after the definitive closure. 
This attitude has also created good conditions for the employees to find new occupations. 
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The shutdown and service operation modes must ensure: 

� That the spread of radioactivity to the surroundings is limited; 

� Protect personnel and the surroundings from ionising radiation. 

During shutdown operation of Barsebäck 2, all systems required to cool and provide radiation 
shielding for spent fuel and core components will be operating, as well as systems for cleaning and 
delaying the release of radioactive substances. 

During service operation, a thorough investigation will be made to assess which systems are to be 
maintained and conserved and which can be allowed to degrade before re-establishment and 
dismantling. It is important that maintenance is not allowed to lag behind on the systems needed for 
the operation of the installation. This may lead to degradation of the installation. Strategic components 
needed during the dismantling period will be analysed, alternatives being continuous maintenance 
during service operation, or future new investments. Adaptation to the prevailing operating mode will 
imply that preventive maintenance will to an increasing extent be replaced by remedial maintenance 
on system parts that do not affect safety. 

Operation monitoring of Barsebäck 1 and 2 is done by Barsebäck 2. All significant alarms from 
Barsebäck 1 are signalled in the control room at Barsebäck 2, either as individual alarms or as 
collective alarms. A project is going on with the purpose of adapting the electrical systems to the 
future Service operation of Barsebäck 1 and 2. The plant safety should be arranged so that there will 
be no need for continuous manning. During day time personnel will supervise the activities. The 
security officer, with help from stand-by personnel, will handle supervision during the remaining time. 

Some examples of planned aktivities during Shut down- and Service operation are given below: 

� Supervision of Service operation to reduce the total operating and maintenance costs of the 
Barsebäck plant. This means to analyse preservation of system and components, maintenance 
costs tie to new purchase to the schedule with a long period of Service operation and thereafter 
the following Dismantling operation; 

� Through a planned preliminary study, to design a decontamination strategy for the Barsebäck 
plant; 

� Disposal of operational waste stored on site, which has arisen during the operational period of 
Barsebäck 1 and 2. Examples are used components such as core grid, moderator tank lid and ion 
exchanger masses produced during cleaning and filtering of process water; 

� Measures to reduce the total environmental impact and fire risk at the Barsebäck plant. Among 
other things this involves transporting away flammable materials such as turbine oil and 
chemicals; 

� Lowering of the temperature and reduction of the ventilation flow in the turbine and reactor 
building at Barsebäck 2. The aim is saving money by saving energy and adaptation to the needs 
of the prevailing operating mode; 

� Lighting and other electrical uses are continuously being reduced at Barsebäck 1 and this will 
also be done at Barsebäck 2; 

� Decommissioning planning, drawing up plans for the dismantling of the Barsebäck plant. 
Overall plans will be in more detail during the pre-project; 

� Continued work on archiving and documentation; 

� Continue building up knowledge through co-operation with national and international 
organizations work in the field of decommissioning. As an example is SKB Demolition group, 
commission for IAEA, WANO and WNA. Several contacts have been established and visits to 
European plants being dismantled have taken place and will continue; 

� Exchange of experience between E.ON Hannover, EKS and BKAB will continue in regard to 
selected strategical topics; 

� Using the Barsebäck plant for equipment testing and personnel training before overhaul work on 
other installations. All such work at Barsebäck will be assessed, prioritised and directed to get 
the correct quality assessment. The purpose must be to avoid mistakes in other installations and 
to reduce the total collective dose to personnel consistent with the ALARA principle. 

6. Experiences 
The closure of Barsebäck 1 and the uncertainty concerning the BKAB’s future has weighed heavily on 
many employees. Questions have been aired and discussed but the decisive and most important item 
on the agenda has been to maintain employees’ motivation and professionalism in their work. 

By making relatively quick decisions, before the definitive closure of Barsebäck 1, company 
management together with the trade unions attempted to predict the problems that could arise and to 
deal with them realistically. 

One way was to change the organisational structure according to the current plant status, provide 
security for employees through employment guarantees and thus increased potential for securing 
human resources. Establishing a mentoring system with regard to skills and experience feedback. A 
design school was established where some of the employees have had the opportunity to be retrained 
for other duties. Widen individual choice of other duties. 

Further means are, for example, to prioritise proposals that are positive from the viewpoint of the 
company and employees. This engenders creativity in individuals. 

The above measures taken at the sudden closure of a nuclear power station result in the following: 

� Good dialogue between the authorities that have expressed a positive attitude to Barsebäck 1’s 
decommissioning work; 

� Openness and positive dialogue with staff; 

� The individual can sense greater security and opportunities when faced with the future; 

� The company was confident about maintaining the skills for continuing to operate one unit and 
starting decommissioning on the shutdown unit.  This has now been further reinforced through 
Ringhals and Barsebäcks robust organisational structure. 

Following the political decision about the final shutdown of Barsebäck 2 the BKAB management 
BKAB in consultation with the trade unions have concluded a contract about the conversion of the 
employees into alternative occupations. As agreed there is a three year employment guarantee which 
began 31 May 2005 when Barsebäck 2 permanently shutdown. Each employee had the responsibility 
to analyse his situation and write down his individual development plan with the following options: 

� Continue the work at Barsebäck NPP; 

� Move to another job at Ringhals AB, Vattenfall AB, E.ON Sweden or another company on the 
external market; 

� Gain competence for a different job; 

� Retirement at the age of sixty during employment guarantee. 

Among those 345 individuals who were employed at Barsebäck NPP when Barsebäck 2 shutdown 
permanently 31 May 2005, the situation is as follows (1 March 2006): 

Retiring at BKAB (127); Retirement at the age of 60 (48); Move to Ringhals AB (31), Ringhals AB, 
distance at Barsebäck NPP (22), Doing Studies (29), Establishing Own company (8), Taking Leave of 
absence for a new employment (8), Leaving employment (14), Moving to BO adaptation group (39) 
and others (19). 

To recap these results we can state that BKAB: s management, in dialog with trade unions, provided 
excellent conditions to operating the NPP in a highly safe way until and after the definitive closure. 
This attitude has also created good conditions for the employees to find new occupations. 
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 Abstract. The nuclear research reactor type VVR was shut down in December 1997 after forty years of 
operation. The main characteristics of this reactor are: Thermal power 2 MW, Thermal energy – 9.59 GWhd, 
Average flux of thermal neutrons-1013 n/cm2.s, nine horizontal channels, sixteen vertical exposure channels, three 
biological channels, reactor type tank, water used as a moderator, coolant and reflector. The reactor was used in 
research and radioisotope production. The reactor has been permanently shut down since April 2002, when the 
decommissioning was officially announced. Discussions regarding funding mechanisms for the conservation phase, 
and decommissioning (planning, preparatory activities, spent nuclear fuel management), have taken place since five 
years ago when the final decision of permanent shut down was taken. 

Quality management includes procedures for recording and archiving the lessons learned.  The planning of 
decommissioning started in 1990 when the reactor was still operational. After fifteen years the regulatory body has 
not yet approved the decommissioning plan for the reactor. In this paper the following aspects are discussed: 
decommissioning strategy from safe enclosure to immediate dismantling, specific features of the site (treatment of 
radioactive waste near reactor) and state of decommissioning, use of the lessons learned in the planning of 
decommissioning for the other two small nuclear facilities situated in the same area with VVR-reactor: Sub critical 
Assembly “ HELEN” and Zero Power Critical Reactor RP-0, AFR ponds for spent nuclear fuel, other radiological 
facilities for radioisotopes production facilities radiation processing and accelerators. 

Preparatory activities for decommissioning have included: elaboration of a plan (inter alia, justification of the 
selected strategy, management of the radioactive waste in accordance with the waste acceptance criteria), reactor 
storage in parallel with the removal of the equipment and materials used in research activities and radioisotope 
production. The organizational management safety, human resources, and social aspects, development of the local 
community, public relations, are also to be dealt with as lessons learned for exchange of experience, information and 
knowledge in the field of decommissioning. 

1. Introduction 
The nuclear research reactor VVR-S from  Magurele – Bucharest is the first nuclear facility, which will be 
decommissioned in Romania. This reactor was in operation from 1957 until 1997, and was used in 
radioisotope production and research activities which made use of neutron flux. 

The operator and licensee of the nuclear research reactor VVR-S Magurele is IFIN-HH Magurele-
Bucharest. The owner of this reactor is the Romanian State through the Ministry of Education and 
Research. IFIN-HH is also responsible for the decommissioning of this nuclear facility.  

At present in Romania there are five nuclear facilities used in research: three of them are situated in the 
IFIN-HH area (the research reactor VVR-S, a zero power reactor and the sub-critical assembly “HELEN”) 
and the other two are situated next to The Nuclear Research Institute in Pitesti (TRIGA reactor and multi-
zonal sub-critical assembly). 

The nuclear research reactor type VVR-S was shut down after 40 years of operation without any incidents 
or accidents. 
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 Abstract. The nuclear research reactor type VVR was shut down in December 1997 after forty years of 
operation. The main characteristics of this reactor are: Thermal power 2 MW, Thermal energy – 9.59 GWhd, 
Average flux of thermal neutrons-1013 n/cm2.s, nine horizontal channels, sixteen vertical exposure channels, three 
biological channels, reactor type tank, water used as a moderator, coolant and reflector. The reactor was used in 
research and radioisotope production. The reactor has been permanently shut down since April 2002, when the 
decommissioning was officially announced. Discussions regarding funding mechanisms for the conservation phase, 
and decommissioning (planning, preparatory activities, spent nuclear fuel management), have taken place since five 
years ago when the final decision of permanent shut down was taken. 

Quality management includes procedures for recording and archiving the lessons learned.  The planning of 
decommissioning started in 1990 when the reactor was still operational. After fifteen years the regulatory body has 
not yet approved the decommissioning plan for the reactor. In this paper the following aspects are discussed: 
decommissioning strategy from safe enclosure to immediate dismantling, specific features of the site (treatment of 
radioactive waste near reactor) and state of decommissioning, use of the lessons learned in the planning of 
decommissioning for the other two small nuclear facilities situated in the same area with VVR-reactor: Sub critical 
Assembly “ HELEN” and Zero Power Critical Reactor RP-0, AFR ponds for spent nuclear fuel, other radiological 
facilities for radioisotopes production facilities radiation processing and accelerators. 

Preparatory activities for decommissioning have included: elaboration of a plan (inter alia, justification of the 
selected strategy, management of the radioactive waste in accordance with the waste acceptance criteria), reactor 
storage in parallel with the removal of the equipment and materials used in research activities and radioisotope 
production. The organizational management safety, human resources, and social aspects, development of the local 
community, public relations, are also to be dealt with as lessons learned for exchange of experience, information and 
knowledge in the field of decommissioning. 

1. Introduction 
The nuclear research reactor VVR-S from  Magurele – Bucharest is the first nuclear facility, which will be 
decommissioned in Romania. This reactor was in operation from 1957 until 1997, and was used in 
radioisotope production and research activities which made use of neutron flux. 

The operator and licensee of the nuclear research reactor VVR-S Magurele is IFIN-HH Magurele-
Bucharest. The owner of this reactor is the Romanian State through the Ministry of Education and 
Research. IFIN-HH is also responsible for the decommissioning of this nuclear facility.  

At present in Romania there are five nuclear facilities used in research: three of them are situated in the 
IFIN-HH area (the research reactor VVR-S, a zero power reactor and the sub-critical assembly “HELEN”) 
and the other two are situated next to The Nuclear Research Institute in Pitesti (TRIGA reactor and multi-
zonal sub-critical assembly). 

The nuclear research reactor type VVR-S was shut down after 40 years of operation without any incidents 
or accidents. 
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The decrease of the radioisotope demand, the reduced number of research topics focused on neutron 
fluxes, largely due to the development of nuclear energy applications, the increase of the demands for 
nuclear security and the lack of refurbishment, all of them led to the shut-down of the nuclear research 
reactor VVR-S.  

Financial support for the conservation phase of the reactor was approved by the Government Decision 
400/1997. By the Government Decision 418/2002 the reactor was permanently shut down for 
decommissioning, IFIN-HH being responsible for establishing the technical-economical indicators of 
decommissioning. In 1994-1998 under IAEA technical assistance and afterwards with EU technical 
support (1997 to 1998) a plan for decommissioning began to be elaborated. From 1998 to 2003 the 
preferred decommissioning strategy was safe enclosure (Safe store), at present the strategy selected is 
immediate dismantling. 

The paper provides lessons learned during the transition period from operation to decommissioning. 

2. Lessons learned 
Lessons learned are presented below in the style of reent IAEA reports. 

2.1. Permanent shutdown of nuclear facility VVR-S for decommissioning 
Problem: Timing of permanent shutdown 

Analysis: It took 4 years of discussions to make a decision on either restarting or decommissioning the 
reactor. All that time, the only activities authorized by the regulatory body have been and still are the 
reactor conservation and the clean-up activity has not started yet. The permanent shut-down for 
decommissioning was established only after the notification of IFIN-HH Scientific Council, the approval 
of the IFIN-HH Administrative Council and after the Government Decision 418/2002. 

Lesson learned: a State owned research reactor is permanently shut down for decommissioning only by 
government decision that also establishes the responsibilities of the stakeholders.

2.2. The funding for decommissioning 
Problem: The way funds are allocated for the implementation of the decommissioning plan  

Analysis: The funds can be allocated, according to the law, only by government decision based on the 
approval of the investment’ s economic indicators. The government decision is based on the feasibility  
study which estimates the necessary funds. The feasibility study is made according to a legally established 
methodology that does not include the costs specific to this category of investment and which are different 
from the cost indicators used in the decommissioning plan. 

Lesson learned:  Because of the above, first, the decommissioning plan has to be approved, the legal 
agreements granted by the local community, environmental protection secured,  utilities warranted, 
sanitary provisions made etc. Only afterwards the funding may be provided by government decision. 
VVR-S was a first-of-its-kind case. In future, allocating funds for safe shutdown of the un-profitable 
mines, the Ministry of Public Finance will be aware of economic indicators specific to decommissioning.  

2.3. Clean-up, transition from operation to decommissioning, end point and scope of clean-
up

Problem: The beginning and end of clean-up 

Analysis: The reactor clean-up does not apply to structures, systems, and components of the nuclear 
installation. Clean-up consists of removing equipment and materials used for producing radioisotopes and 
doing neutron research. The clean-up is preliminary to the decommissioning work and it takes place 
during the operation to decommissioning transition, after permanent shutdown. As the current legislation 
shows, this regulatory body authorized the “conservation” phase. The nuclear installation has been split in 
five sections: the reactor hall, rooms in which depleted uranium has been processed, hot cells, radio-

chemistry rooms and the section where the research laboratories are located. This procedure would end up 
in what we call the clean-up.  The criteria taken into consideration are: 

� Removal of loose contamination so that radiological emergencies are prevented : floods, fire, etc; 

� Reducing the radiological risk of internal contamination and irradiation; 

� Preventing the  contamination of the materials and equipment used for research and in radioisotope 
production; 

� Secondary waste in segmentation and other decommissioning activities, decision making process 
being based on a cost-benefit analysis; 

� Treating radioactive liquids in big batches: all at once when the primary circuit and the hot cells are 
decommissioned, for example. 

Therefore, cleaning the building in which the installation is placed should be done in such way that at the 
end of the decommissioning the building should have a dose rate of 0.3 mSv/an. This includes the 
immediate decommissioning strategy and reusing the site to install a irradiator having linear accelerator 
using electrons with energy under 10 MeV. So, the ending point for the clean-up procedure in all rooms 
where depleted uranium has been processed, the reactor hall, radiochemistry rooms will be 0.3 mSv/an, 
taking care that no loose contaminants still exist. At the end of the clean-up campaign there would only 
remain SSEC from the nuclear installation which will also be dismantled during the authorized process of 
decommissioning. 

Lesson learned: The clean-up activity has to be a part of the decommissioning process and not a 
forerunner activity. The decommissioning activity should begin 1 to 2 years from permanent shutdown, 
using some personnel involved in the clean-up. This way difficulties with clean-up limitations can be 
avoided. Another problem that should be avoided is the personnel understanding that the conservation 
phase means maintaining the installation state and configuration after permanent shut down and no 
removing of equipment and materials used in research and isotope production. Another concern is 
organization culture and the financers’ perception and of the rest of the organization that the reactor 
personnel isn’t executing any of the required actions. The personnel is not motivated and can not be a 
driving force, while the nuclear safety culture regarding a shut down installation is wrongly understood 
and ultimately not approved during the conservation phase. 

2.4. The researchers’ use of neutron fluxes 
Problem: loss of neutron beam operational history in the production of sources and horizontal channel 
research.  

Analysis: because there are no more written documents regarding experimental assemblies used for 
research and radiation flux in horizontal channels, the only option left is to interview the personnel. These 
kind of fittings must be first taken out from the accountancy records. 

Lesson learned: Implementing the reactor activities imposes the elaboration, maintenance, control and 
documentation archiving during the experiments. If users, who are the personnel from other departments, 
have not shared the experiment documentation with the reactor staff, the only data that are registered in 
the control room are irradiation time and the experimental devises (e.g. horizontal or vertical channels). 

2.5. Events referring to the lack of funds 
Problem: Introducing materials in an unsupervised installation by the exploitation- maintenance- repair 
personnel.

Analysis: Because the funds allocated to maintenance, repair were usually insufficient, the personnel took 
the liberty of placing electrical devices and metal materials in the supervised areas of the installation; the 
declared intention was to use the materials for the yearly revision- checking- repair- maintenance plan. 
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The decrease of the radioisotope demand, the reduced number of research topics focused on neutron 
fluxes, largely due to the development of nuclear energy applications, the increase of the demands for 
nuclear security and the lack of refurbishment, all of them led to the shut-down of the nuclear research 
reactor VVR-S.  

Financial support for the conservation phase of the reactor was approved by the Government Decision 
400/1997. By the Government Decision 418/2002 the reactor was permanently shut down for 
decommissioning, IFIN-HH being responsible for establishing the technical-economical indicators of 
decommissioning. In 1994-1998 under IAEA technical assistance and afterwards with EU technical 
support (1997 to 1998) a plan for decommissioning began to be elaborated. From 1998 to 2003 the 
preferred decommissioning strategy was safe enclosure (Safe store), at present the strategy selected is 
immediate dismantling. 

The paper provides lessons learned during the transition period from operation to decommissioning. 

2. Lessons learned 
Lessons learned are presented below in the style of reent IAEA reports. 

2.1. Permanent shutdown of nuclear facility VVR-S for decommissioning 
Problem: Timing of permanent shutdown 

Analysis: It took 4 years of discussions to make a decision on either restarting or decommissioning the 
reactor. All that time, the only activities authorized by the regulatory body have been and still are the 
reactor conservation and the clean-up activity has not started yet. The permanent shut-down for 
decommissioning was established only after the notification of IFIN-HH Scientific Council, the approval 
of the IFIN-HH Administrative Council and after the Government Decision 418/2002. 

Lesson learned: a State owned research reactor is permanently shut down for decommissioning only by 
government decision that also establishes the responsibilities of the stakeholders.

2.2. The funding for decommissioning 
Problem: The way funds are allocated for the implementation of the decommissioning plan  

Analysis: The funds can be allocated, according to the law, only by government decision based on the 
approval of the investment’ s economic indicators. The government decision is based on the feasibility  
study which estimates the necessary funds. The feasibility study is made according to a legally established 
methodology that does not include the costs specific to this category of investment and which are different 
from the cost indicators used in the decommissioning plan. 

Lesson learned:  Because of the above, first, the decommissioning plan has to be approved, the legal 
agreements granted by the local community, environmental protection secured,  utilities warranted, 
sanitary provisions made etc. Only afterwards the funding may be provided by government decision. 
VVR-S was a first-of-its-kind case. In future, allocating funds for safe shutdown of the un-profitable 
mines, the Ministry of Public Finance will be aware of economic indicators specific to decommissioning.  

2.3. Clean-up, transition from operation to decommissioning, end point and scope of clean-
up

Problem: The beginning and end of clean-up 

Analysis: The reactor clean-up does not apply to structures, systems, and components of the nuclear 
installation. Clean-up consists of removing equipment and materials used for producing radioisotopes and 
doing neutron research. The clean-up is preliminary to the decommissioning work and it takes place 
during the operation to decommissioning transition, after permanent shutdown. As the current legislation 
shows, this regulatory body authorized the “conservation” phase. The nuclear installation has been split in 
five sections: the reactor hall, rooms in which depleted uranium has been processed, hot cells, radio-

chemistry rooms and the section where the research laboratories are located. This procedure would end up 
in what we call the clean-up.  The criteria taken into consideration are: 

� Removal of loose contamination so that radiological emergencies are prevented : floods, fire, etc; 

� Reducing the radiological risk of internal contamination and irradiation; 

� Preventing the  contamination of the materials and equipment used for research and in radioisotope 
production; 

� Secondary waste in segmentation and other decommissioning activities, decision making process 
being based on a cost-benefit analysis; 

� Treating radioactive liquids in big batches: all at once when the primary circuit and the hot cells are 
decommissioned, for example. 

Therefore, cleaning the building in which the installation is placed should be done in such way that at the 
end of the decommissioning the building should have a dose rate of 0.3 mSv/an. This includes the 
immediate decommissioning strategy and reusing the site to install a irradiator having linear accelerator 
using electrons with energy under 10 MeV. So, the ending point for the clean-up procedure in all rooms 
where depleted uranium has been processed, the reactor hall, radiochemistry rooms will be 0.3 mSv/an, 
taking care that no loose contaminants still exist. At the end of the clean-up campaign there would only 
remain SSEC from the nuclear installation which will also be dismantled during the authorized process of 
decommissioning. 

Lesson learned: The clean-up activity has to be a part of the decommissioning process and not a 
forerunner activity. The decommissioning activity should begin 1 to 2 years from permanent shutdown, 
using some personnel involved in the clean-up. This way difficulties with clean-up limitations can be 
avoided. Another problem that should be avoided is the personnel understanding that the conservation 
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Eventually disposition of that material meant drafting files based on radiological measurements, records, 
approvals, translations and ultimately a waste of time and money. 

Lesson learned: The outgoing and ingoing materials and people go through one door, supervised, 
videotaped, registered, and the goods are checked.

2.6. The iron-steel core barrel sampling of the reactor block shielding 
Problem: Preventing the spread up of core barrel cooling water  

Solution: The equipment used in sampling the iron-steel core barrel of the reactor biological shielding has 
a core barrel cooling system based on water. If the recovering sucker of the liquid is placed on a flat 
surface there will be accidental spread-ups. 

The following solutions were adopted: 

1. The use of polymeric water solutions additivited properly [1] for reducing the necessary amount of 
cooling water, reducing frictions, preventing core barrel  corrosion and flocculation (cleaning the 
resulted mixture into the pump basin). The resulting mixture is treated with polymeric super 
absorbents [2] which absorb the additional water and solidify the mixture. In this way the resulting 
liquid waste are safely manipulated and are delivered directly to cementation (see Figures 1, 2) 
these findings are news by compared with [4];  

2. Around the core barrel hole there are polymers which solidify (hardening the resulted liquid waste, 
the area being delimitated by engineering  barriers  for avoiding the spread-up and reducing the 
amount  of the used super absorbent polymers [3] (see Figure 3) 

Lesson learned: good practice in performing sampling requires continuous improvement for reducing the 
spread-up of the contamination and reducing the sampling time by increasing the speed of logging 
sampling. 

2.7. The cutting off  with angular  cutter pillar with abrasive discs of the metallic components  
uncontaminated in structures with metallic-paraffin cover from the research equipments 
used in the horizontal channels of the reactor 

Problem: Preventing the staff protection equipment from getting dirty and avoiding aerosol and gas 
inhalation

Analysis: At the edge of the equipment used in research cutting with abrasive disc was used. In order to 
avoid contamination a supplementary metallic protection in a semi-cylindrical shape was made on which a 
hydro gel foil used in strippable coatings and described in [3] was mounted (see Figure 4). When this foil 
is exhausted it is replaced with another one and is delivered to the established waste route: free release or 
cementation/incineration, if the foil is radioactively contaminated. Moreover, a filtering mobile unit with 
HEPA filters was used for gas and aerosol removal. The operational staff wore face masks and respiratory 
protection. Alternate solutions included: hydraulically activated scissors and electrically activated pick-
hammer endowed with chisel used in breaking up the paraffin blocks inside the equipment. 

Lesson learned: The cutting equipments are selected according to the work situation to prevent 
contamination and to reduce the work duration. 

3. Conclusions 
Lessons learned are archived while the executed operations are captured and filmed. These are used 
during managerial meetings and for training the staff in similar activities. 

              

Figure 1. Sampling in shielding of reactor.   Figure 2. Super absorbents in action 

                 

Figure 3. Solidification of cooling water Figure 4. Devices with hydrogel for people protection
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Abstract. The decision for decommissioning of Unit 1 of Ignalina NPP (INPP) was made in October 
1999. At that time only a Preliminary Decommissioning Plan had been developed. INPP was then faced with 
number of issues, namely: 

� To define the strategy for decommissioning; 

� To define the steps necessary to implement preparation for decommissioning; 

� To seek funding for decommissioning; 

� To establish and develop the organizational structure for dealing with decommissioning; 

� To develop Project Management, Commercial and Engineering skills to manage decommissioning; 

� To develop the relationships between operating and decommissioning parts of INPP; 

� To develop a plan for the conversion of an Operating Nuclear Power plant to a Decommissioning 
Organization. 

Each of the above issues represents significant and challenging demands on INPP Management and staff. 
Lessons have and continue to be learned. INPP are proceeding with the immediate dismantling strategy of this 
RBMK design reactor. 

1. Introduction 
In October 1999, the National Energy Strategy was approved by the Lithuanian Parliament and 
included the shutdown of Unit 1 Reactor at Ignalina Nuclear Power Plant (INPP) in 2004. An updated 
National Energy Strategy was approved by the Lithuanian Parliament in October 2002, it included the 
shutdown of Unit 2 Reactor in 2009. This formed part of the agreement for Lithuania’s accession to 
the European Union (EU) in May 2004.  

This decision to shutdown INPP Unit 1 and Unit 2, several years before the end of its normal design 
life, presented INPP and the Lithuanian Authorities with the challenge of preparing for 
decommissioning in a relative short time. This included decommissioning strategies, funding matters 
and project pipeline development, organisational issues, staff training and development and the 
conversion of INPP operator into an effective decommissioning organisation . 

Under normal circumstances, shutdown and decommissioning of the Nuclear Power Plant would have 
started with the determining and agreeing with the relevant Authorities the Decommissioning Strategy. 
The next step would have been to prepare successive Decommissioning Plans resulting in a Final 
Decommissioning Plan (FDP) approved by the Nuclear Regulator (VATESI) and Lithuanian 
Government. In such circumstances the Nuclear Regulator in fact requires the FDP to be approved 5 
years before reactor shutdown. 

Clearly, the decision to shutdown the first reactor in December 2004 left little time for the normal 
decommissioning planning and preparatory processes. This has presented many challenges to INPP 
and has inevitably resulted in some disruption and delays. The challenges and lessons learnt are briefly 
set out in this paper. 

2. Decommissioning strategy 
Early in 2002, work began in preparing the FDP. This first plan was based on Deferred Dismantling 
since it had benefits from a safety, cost and waste management viewpoint.  
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Unfortunately, the overall decommissioning strategy had not at that time been formally agreed with 
the Lithuanian Government. In June 2002, when the first draft of the FDP was presented to the 
Lithuanian Authorities, it was not accepted as the decommissioning strategy had not been finalised. 
Following further submissions to and considerations by the Lithuanian Authorities regarding technical 
and financial matters on the decommissioning strategy, a decision was made in November 2002 that 
Immediate Dismantling was the preferred option of the Lithuanian Government. This resulted in a 
rewrite of the FDP which was not finally approved by the Lithuanian Government until 2005.  

This late decision on the overall decommissioning strategy not only delayed the FDP but also 
preparation of the Unit 1 post shutdown Decommissioning Project (DP), Decommissioning Safety 
Analysis Report (DSAR) and Decommissioning Environmental Impact Assessment Report (DEIAR). 
The approval process for these principal documents has also taken longer than planned. With final 
approval expected in May 2006, this was 1.5 years behind schedule. 

VATESI’s authorisation for final shutdown of Unit 1 required that the DP, DSAR and DEIAR be fully 
approved by the relevant Authorities. Consequently, although Unit 1 reactor was shutdown on the 31 
December 2004, in accordance with the EU Accession Treaty, official permanent shutdown is not 
expected to be stated before mid 2006. As the reactor has been in normal shutdown mode for 1.5 
years, it has necessitated normal maintenance and prevented planned post shutdown decommissioning 
activities, i.e. isolation/modification of systems. 

A major lesson learnt is that the normal process of first establishing and agreeing the decommissioning 
strategy, followed by preparation of decommissioning plans, concluding with the Final 
Decommissioning Plan, should be adhered to closely, if possible. To accelerate this process and 
attempt to undertake some of the above activities in parallel can lead to delays and additional cost, 
unless clear decisions are made and all parties involved have the same objectives. Good 
communication with all the stakeholders is also a prerequisite to avoiding confusion and unnecessary 
delays 

3. Funding 
The decommissioning is currently funded through three main sources, namely: 

� Ignalina International Decommissioning Support Fund (IIDSF) administered by the European 
Bank for Reconstruction and Development (EBRD); 

� EU Programme Instrument administered through the Lithuanian Central Project Management 
Agency (CPMA); 

� State Enterprise Ignalina Decommissioning Fund (SEIDF) administered through the Lithuanian 
Government (Ministry of Economy). 

Although having three sources of funding is not itself a problem, other than understanding and 
operating the different funding and procurement rules, the major challenge is fully defining, justifying 
and costing the decommissioning projects in advance of their execution. 

The Fund Donors and the Lithuanian Government need the funding requirements defined often 7 or 8 
years in advance of the actual expenditure. Inadequacy of project definition and cost estimates can 
cause considerable difficulties and possible delays to these projects and the overall decommissioning 
programme. It is essential therefore to continue to review the scope of work and cost estimates as 
projects progress from the initial concept to fully defined Technical Specifications. Keeping the fund 
Administrators fully informed of any changes is also imperative. 

A further lesson learned is that although INPP are responsible for the decommissioning, the process is 
in reality controlled by the Fund Administrators. Strong working relations with the Fund 
Administrators are therefore essential to quickly and effectively resolve financial and commercial 
issues which inevitably arise on major projects. This should ensure funds are both sufficient and 
available when needed. 

4. Decommissioning organization 
The decision to shut down Reactor Unit 1 at the end of 2004 and Reactor Unit 2 at the end of 2009 
meant that decommissioning would commence in parallel with continued station operation. 

This prompted INPP to establish two organisations, one for station operation (Technical Directorate) 
the other (Decommissioning Service) for managing the decommissioning work. 

INPP’s Decommissioning Service (INPP-DS) initially lacked experienced personnel with the relevant 
engineering, project and commercial skills to effectively manage the decommissioning work. 
Consequently a Project Management Unit (PMU) was established at the end of 2001, within the 
INPP-DS, which was managed by a Consortium (Consultant) from the UK, Belgium and Sweden. 
The Consultant’s primary objective was to bring new technical and managerial skills to INPP with a 
strong emphasis on training and developing INPP-DS staff. As INPP-DS staff developed the 
necessary competences, responsibilities were progressively transferred from the Consultant to INPP-
DS staff. In 2006, after 4 years of PMU operation, the overall management was finally taken up by 
the INPP-DS organization with Consultant now performing specific roles within INPP-DS functional 
organisation. 

This model of marrying a Consultant with INPP-DS staff has been successful with considerable 
knowledge transfer. Its success has been based on good working relations, comprehensive training 
and development and a clear plan to transfer knowledge and responsibilities to INPP-DS staff. 

Another major organisational issue for INPP regarding decommissioning is the relationship between 
the Operating Group (INPP Technical Directorate) and the Decommissioning Group (INPP-DS). 
While the INPP-DS has overall responsibility for decommissioning most of the resources and 
knowledge resides with the INPP-TD whose primary function is station operation. Conflicting 
demands on the staff’s time, priorities and objectives has created many new challenges to the Senior 
Management. This is being resolved by having clear lines of responsibilities between INPP-DS and 
INPP-TD and by defining what specifically is required from each side.  

5. Development of INPP-DS staff 
One of the primary functions of INPP-DS to date has been to manage the process of  contracting for 
the provision of new facilities necessary to prepare INPP for decommissioning.  This work has 
covered the complete range of activities from the production of project strategies through to the on-
going management of projects.  A significant amount of the work is expected to be undertaken by 
international companies, and English has been defined as the official language for these contracts.  
Because of this, knowledge of English was considered to be a mandatory requirement to work in the 
INPP-DS.

This focus on language skills has proved to be successful, given that the function of the organisation is 
primarily project management.  The intricacies of commercial relationships can assist or break up a 
project and must be communicated clearly. Consequently as INPP-DS develops as an organisation, 
English language skills are continually being improved. 

Most positions within INPP-DS are filled by INPP employees. Albeit technically technically 
experienced the staff lacked commercial and project management expertise.  This expertise has been 
provided by the Consultant, whose duty in part is to pass on their knowledge and experience. 

Mentoring, in the form of working with a Consultant to provide on-the-job training, has also been an 
integral part of INPP-DS staff development.  The principle has been to encourage the overall 
development of the people rather than simply focus on technical issues. It is also intended that 
personal development will be addressed through a staff appraisal and development system.    

Because of the lack of experience within INPP, particularly in commercial and project management 
issues, extensive training has been provided by the Consultant. Although some basic education was 
given in the early years, during 2005 this was accelerated with more than 50 training modules 
presented, each covering a different topic.  An assessment of the success of the training was obtained 
through regular examinations. 
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This formal training could possibly have been more effective if it had started sooner. Some topics 
were being addressed at the same time that the associated work was being done.  Although this 
resulted in immediate application of the teachings, it did not allow for any real assimilation of the 
principles before their use.  However, if training is presented too early then the principles will be 
forgotten before their application.  This balance is always a problem. 

It is clear however, that structured training cannot start as soon as the team is gathered together.  Some 
period of time must be allowed for the members to become acquainted with one another, and to settle 
into roles with which they are not familiar.  

6. Transformation plan 
Recognising that INPP ‘s main experience was the operation of a Nuclear Power Plant, a plan has been 
developed that sets out the main steps that need to be taken to transform the INPP-DS into an effective 
decommissioning organization.  The development and application of these steps is an on-going 
process and addresses areas such as; 

� Stakeholder review; 

� Organizational structure and processes; 

� Mission statement and values; 

� Strategic goals and performance indicators; 

� Resource management and the development of personnel; 

� Safety culture. 

All of these are ‘Human Factors’ issues and therefore strongly influenced by the way people think and 
react.  The size of the task cannot be underestimated.  The process should start when closure of the 
facility is first being contemplated, and remain under constant development and review. INPP are only 
now understanding these issues and action is being taken by the Senior Management to determine how 
it should be addressed throughout the INPP organization. 

One of the most effective tools used in the transformation of INPP-DS, was an Organisational Culture 
and Effectiveness Survey.  This has provided a benchmark against best practice in other organisations, 
and has clearly indicated what needs to be done to improve INPP-DS. 

Throughout all aspects of decommissioning it is important to focus on the establishment of strong 
working relationships and team building.  In the end, it is people that get the work done and not the 
bureaucracy of the organization. 

7. Conclusion 
INPP has now over 4 years practical experience in preparing for decommissioning. Many lessons have 
been learnt and a number of important achievements made. INPP’s aim now is to continue to develop 
the knowledge and skills necessary to successful decommission the plant. 

It has also been recognized however that decommissioning is a very different business to operating a 
Nuclear Power Plant and that a new culture and new ways of working have to be established. Resource 
management, safety, staff motivation, management and organizational issues are all major challenges 
facing INPP.  

Finally, given the international nature of the decommissioning at INPP, one of the most important 
lessons being learnt is that good communications, understanding and cooperation, both within INPP 
and with third parties, is essential to meet objectives. While progress has been made in this respect, 
further improvements are still necessary which is a key feature of the INPP-DS development 
programme. 
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Abstract: The BN-350 reactor is a fast breeder reactor using liquid sodium as a coolant. In 1999 the 
Government of the Republic of Kazakhstan adopted the Decree on the decommissioning of this reactor facility. 
According to this Decree, Kazakhstan Government intends to place the BN-350 facility into a safe storage 
(SAFSTOR) condition for a period up to 50 years. “The Plan of priority measures for BN-350 reactor 
decommissioning” was developed to realize the Government Decree and to determine the scope of activities 
aimed at reactor safety within the period before “Decommissioning Project” will be prepared. This plan includes 
the following measures: transportation of spent fuel assemblies; handling primary/secondary sodium and 
radioactive wastes; preparation of reactor building and premises for SAFSTOR period and completion of BN-
350 reactor decommissioning project. Since 1999 the works have been intensively conducted according to this 
Plan. There have been certain management problems which have been encountered by the general responsible 
organizations. By now a considerable amount of works concerning the transitional period from an operating to a 
decommissioning status have been performed in the framework of the chosen decommissioning strategy and 
licensing requirements, e.g.: primary sodium has been cleaned of caesium radionuclides, drained from BN-350 
reactor vessel/primary loops in to the primary sodium storage tanks and solidified there; creation of sodium 
processing facility is under way; design of the casks for spent fuel transportation and storage has been 
completed; systems for processing liquid/solid radioactive wastes are being designed. 

1. Introduction 
BN-350 reactor facility – a fast neutron sodium-cooled reactor [1] – is located near Aktau City on the 
Caspian Sea. It was commissioned in 1973 for electricity generation and seawater desalination for the 
Aktau region. The reactor was designed to produce 1000 MW thermal power and 350 MW electrical 
power for the region. 

In April 1999, taking into consideration financial and technical problems of further reactor BN-350 
operation, i.e. unsafe operation based on IAEA OSART mission recommendations [2] the Government 
of the Republic of Kazakhstan adopted the Decree � 456 “On decommission of reactor BN-350 in 
Aktau city Mangistau region”. According to this Decree Kazakhstan Government intends to place the 
BN-350 facility into a safe storage (SAFSTOR) condition for a period of up to 50 years with a view to 
complete decommissioning and disposal thereafter. The Decree � 456 determined the funding sources 
of BN-350 reactor decommissioning, as follows: 

� Funds from Kazakhstan’s national budget for the maintenance of important safety systems; 
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This formal training could possibly have been more effective if it had started sooner. Some topics 
were being addressed at the same time that the associated work was being done.  Although this 
resulted in immediate application of the teachings, it did not allow for any real assimilation of the 
principles before their use.  However, if training is presented too early then the principles will be 
forgotten before their application.  This balance is always a problem. 
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� Stakeholder review; 
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facility is first being contemplated, and remain under constant development and review. INPP are only 
now understanding these issues and action is being taken by the Senior Management to determine how 
it should be addressed throughout the INPP organization. 

One of the most effective tools used in the transformation of INPP-DS, was an Organisational Culture 
and Effectiveness Survey.  This has provided a benchmark against best practice in other organisations, 
and has clearly indicated what needs to be done to improve INPP-DS. 

Throughout all aspects of decommissioning it is important to focus on the establishment of strong 
working relationships and team building.  In the end, it is people that get the work done and not the 
bureaucracy of the organization. 

7. Conclusion 
INPP has now over 4 years practical experience in preparing for decommissioning. Many lessons have 
been learnt and a number of important achievements made. INPP’s aim now is to continue to develop 
the knowledge and skills necessary to successful decommission the plant. 

It has also been recognized however that decommissioning is a very different business to operating a 
Nuclear Power Plant and that a new culture and new ways of working have to be established. Resource 
management, safety, staff motivation, management and organizational issues are all major challenges 
facing INPP.  

Finally, given the international nature of the decommissioning at INPP, one of the most important 
lessons being learnt is that good communications, understanding and cooperation, both within INPP 
and with third parties, is essential to meet objectives. While progress has been made in this respect, 
further improvements are still necessary which is a key feature of the INPP-DS development 
programme. 
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According to this Decree, Kazakhstan Government intends to place the BN-350 facility into a safe storage 
(SAFSTOR) condition for a period up to 50 years. “The Plan of priority measures for BN-350 reactor 
decommissioning” was developed to realize the Government Decree and to determine the scope of activities 
aimed at reactor safety within the period before “Decommissioning Project” will be prepared. This plan includes 
the following measures: transportation of spent fuel assemblies; handling primary/secondary sodium and 
radioactive wastes; preparation of reactor building and premises for SAFSTOR period and completion of BN-
350 reactor decommissioning project. Since 1999 the works have been intensively conducted according to this 
Plan. There have been certain management problems which have been encountered by the general responsible 
organizations. By now a considerable amount of works concerning the transitional period from an operating to a 
decommissioning status have been performed in the framework of the chosen decommissioning strategy and 
licensing requirements, e.g.: primary sodium has been cleaned of caesium radionuclides, drained from BN-350 
reactor vessel/primary loops in to the primary sodium storage tanks and solidified there; creation of sodium 
processing facility is under way; design of the casks for spent fuel transportation and storage has been 
completed; systems for processing liquid/solid radioactive wastes are being designed. 

1. Introduction 
BN-350 reactor facility – a fast neutron sodium-cooled reactor [1] – is located near Aktau City on the 
Caspian Sea. It was commissioned in 1973 for electricity generation and seawater desalination for the 
Aktau region. The reactor was designed to produce 1000 MW thermal power and 350 MW electrical 
power for the region. 

In April 1999, taking into consideration financial and technical problems of further reactor BN-350 
operation, i.e. unsafe operation based on IAEA OSART mission recommendations [2] the Government 
of the Republic of Kazakhstan adopted the Decree � 456 “On decommission of reactor BN-350 in 
Aktau city Mangistau region”. According to this Decree Kazakhstan Government intends to place the 
BN-350 facility into a safe storage (SAFSTOR) condition for a period of up to 50 years with a view to 
complete decommissioning and disposal thereafter. The Decree � 456 determined the funding sources 
of BN-350 reactor decommissioning, as follows: 

� Funds from Kazakhstan’s national budget for the maintenance of important safety systems; 
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� Funds obtained in the framework of the “Agreement between the Government of 
Russian Federation and the Government of the Republic of Kazakhstan about 
Cooperation and Mutual Payments under Nuclear Weapon Elimination”; and 

� Assistance from donor countries. 

2. Strategy 
In accordance with the decision of Kazakhstan three basic stages for BN-350 reactor facility 
decommissioning are envisaged: 

Stage 1 – Placement into SAFSTOR (2000-2013); 

Stage 2 – SAFSTOR (for 50 years); 

Stage 3 – Final dismantling (after SAFSTOR). 

The main goal of stage 1 is the achievement of nuclear and radiation safe condition and industrial 
safety level. Criteria of completion of this preparation phase include: 

� Spent nuclear fuel (SNF) is unloaded from the reactor core, packaged and placed in long-term 
storage; 

� Liquid metal coolant (LMC) is removed, processed and radioactive products of the processing 
are placed in long-term storage; 

� Liquid and solid radioactive wastes (LRW and SRW) are processed and placed in long-term 
storage; 

� Systems and equipment, which are decommissioned at the moment of the reactor safe store, are 
disassembled; 

� Radiation monitoring of the reactor building and environment is provided. 

In accordance with the Government decision the site of the National Nuclear Centre in the Eastern-
Kazakhstan region was selected as the place for long-term storage of SNF from the BN-350. For the 
purpose of preparation of the SNF for transportation and storage and assurance of safe conditions for 
temporary storage of fuel in the reactor cooling pool before transportation, the SNF is to be packed in 
sealed casks filled with inert gas. The SNF is to be transported to the long-term storage destination in 
dual use casks (for transportation and storage). The SNF is to be stored for 50 years in storage facility 
(or until the moment when final decision on its further handling will be adopted). Physical protection, 
radiation safety and optimal technical storage conditions will be provided at the site. 

The strategy of handling the primary LMC consists of the following stages: cleaning  caesium 
radionuclides from sodium (decreasing the caesium concentration in primary sodium to a reasonably 
low level by means of caesium traps containing reticulated vitreous carbon material-RVC); draining 
primary LMC from the reactor vessel and primary loops into sodium storage tanks; conversion of the 
LMC into a chemically inert, explosion- and fire-safe condition (using a sodium processing facility, 
similar to the facility which operated at the ANL-W site in the USA to convert sodium into sodium 
hydroxide and then techniques to immobilize the product in geocement stone matrix); and placing the 
products of processing in long-term storage. The secondary sodium will be completely drained from 
the loops as soon as free space in secondary storage tanks becomes available, then it will be processed 
at the same facility. The major volume of the Na-K alloy from the cold trap cooling system will be 
drained into the primary sodium storage system and mixed with sodium. 

LRW accumulated during the operation of the reactor facility and formed during the decommissioning 
[3] will be processed using the ion-selective purification method to reduce the volume of radioactive 
wastes. The resulting concentrated radioactive materials will be cemented and placed in containers. 
The latter in turn are to be placed in an ad-hoc storage building until the national repository for 
radioactive wastes is created. The SRW was not conditioned during the operation of the reactor 
facility, i.e., SRW was stored without processing. This arrangement for handling the SRW will be 
maintained at least during the initial stage of setting the facility in a safe storage state until the facility 

for SRW conditioning by supercompaction as constructed. SRW produced during this interim period 
will be placed in containers. 

The reactor systems and equipment will be prepared for safety storage (decontamination, dismantling 
and mothballing). Partial decontamination of equipment and pipelines of the primary circuit should be 
realized when cleaning caesium from primary sodium and washing out primary circuit with water after 
accomplishment of sodium residuals processing by means of hydro-carbonization technique. No 
additional decontamination of reactor vessel, equipment and pipelines of the primary circuit will be 
carried out and these parts shall remain as physical protection barriers.  

Improvement of the following systems of the facility (including partial or total replacement of 
equipment) shall be conducted taking into account the safety storage tasks – radiation control and 
monitoring systems, fire-extinguishing systems, process control and engineering systems. 

Criteria for completion of the stage 2 include: 

� 50 year period is over; 

� A decision about beginning the work on dismantling and disposal is taken and approved. 

Reactor vessel and primary circuit pipelines will be stored in air during the SAFSTOR period. 
Buildings and structures maintaining required conditions and safety, supply systems and networks will 
be in operation. Planning and detailed preparations for dismantling will be initiated for several years 
before the end of the SAFSTOR period. 

Criteria for completion of the stage 3 include: 

� Partial or total dismantling of the equipment, buildings and structures has been carried out, 
decontamination and rehabilitation of the site are completed. 

At the expected date for the end of the SAFSTOR period radiation levels within the reactor vessel ae 
expected to remain high. Accordingly, there are preliminary intentions to use remote dismantling 
machines. Dismantling, decontamination and disposal of primary circuit pipelines and other 
equipment, systems and buildings are expected to be performed by means of conventional 
decommissioning techniques. After completion of planned dismantling of the reactor building and 
structures a final survey of the site to establish radiological conditions will be required, to remove 
restrictions on further site use, as well as to plan land rehabilitation. 

3. Management 
According to the Decree of the Government of the Republic of Kazakhstan the Ministry of Energy and 
Mineral Resources of the Republic of Kazakhstan (MEMR RK) was charged with conduction of 
organizational and controlling activity under the project of safe decommissioning of the BN-350 
reactor.  

Kazakhstan Atomic Energy Committee (KAEC) is a part of the MEMR RK and as the nuclear 
regulator in Kazakhstan is responsible for supervision of nuclear and radiation safety, and the nuclear 
weapon non-proliferation regime. According to the Ministry order KAEC was authorized to provide 
coordination of BN-350 decommissioning work fulfillment with periodical reporting to the Ministry. 

In 1999, pursuant to the Ministry order Joint Stock Company “KATEP” (KATEP) was authorized to 
represent the state interests in the BN-350 Decommissioning Project. As a general customer KATEP 
defined the responsible subcontractors for each stage of the work, as well as their functions and 
responsibilities and provided reports to the Ministry. Pursuant to the given order KATEP developed 
"The scheme of management of BN-350 decommissioning activities ", which was the basis for both 
the organizational structure and interactions of BN-350 decommissioning organizations and other 
participants. According to this scheme the main participants of the project were as follows: 

� General Contractor - Mangyshlak Atomic Energy Complex (MAEC, currently LLC “MAEC-
Kazatomprom”), BN-350 site, Aktau City, Republic of Kazakhstan; 

� General Designer -, Russian Design and Research Institute of Complex Power-Engineering 
Technology (VNIPIET), St-Petersburg, Russian Federation; 
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Stage 2 – SAFSTOR (for 50 years); 

Stage 3 – Final dismantling (after SAFSTOR). 
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safety level. Criteria of completion of this preparation phase include: 

� Spent nuclear fuel (SNF) is unloaded from the reactor core, packaged and placed in long-term 
storage; 

� Liquid metal coolant (LMC) is removed, processed and radioactive products of the processing 
are placed in long-term storage; 

� Liquid and solid radioactive wastes (LRW and SRW) are processed and placed in long-term 
storage; 

� Systems and equipment, which are decommissioned at the moment of the reactor safe store, are 
disassembled; 

� Radiation monitoring of the reactor building and environment is provided. 

In accordance with the Government decision the site of the National Nuclear Centre in the Eastern-
Kazakhstan region was selected as the place for long-term storage of SNF from the BN-350. For the 
purpose of preparation of the SNF for transportation and storage and assurance of safe conditions for 
temporary storage of fuel in the reactor cooling pool before transportation, the SNF is to be packed in 
sealed casks filled with inert gas. The SNF is to be transported to the long-term storage destination in 
dual use casks (for transportation and storage). The SNF is to be stored for 50 years in storage facility 
(or until the moment when final decision on its further handling will be adopted). Physical protection, 
radiation safety and optimal technical storage conditions will be provided at the site. 

The strategy of handling the primary LMC consists of the following stages: cleaning  caesium 
radionuclides from sodium (decreasing the caesium concentration in primary sodium to a reasonably 
low level by means of caesium traps containing reticulated vitreous carbon material-RVC); draining 
primary LMC from the reactor vessel and primary loops into sodium storage tanks; conversion of the 
LMC into a chemically inert, explosion- and fire-safe condition (using a sodium processing facility, 
similar to the facility which operated at the ANL-W site in the USA to convert sodium into sodium 
hydroxide and then techniques to immobilize the product in geocement stone matrix); and placing the 
products of processing in long-term storage. The secondary sodium will be completely drained from 
the loops as soon as free space in secondary storage tanks becomes available, then it will be processed 
at the same facility. The major volume of the Na-K alloy from the cold trap cooling system will be 
drained into the primary sodium storage system and mixed with sodium. 

LRW accumulated during the operation of the reactor facility and formed during the decommissioning 
[3] will be processed using the ion-selective purification method to reduce the volume of radioactive 
wastes. The resulting concentrated radioactive materials will be cemented and placed in containers. 
The latter in turn are to be placed in an ad-hoc storage building until the national repository for 
radioactive wastes is created. The SRW was not conditioned during the operation of the reactor 
facility, i.e., SRW was stored without processing. This arrangement for handling the SRW will be 
maintained at least during the initial stage of setting the facility in a safe storage state until the facility 

for SRW conditioning by supercompaction as constructed. SRW produced during this interim period 
will be placed in containers. 

The reactor systems and equipment will be prepared for safety storage (decontamination, dismantling 
and mothballing). Partial decontamination of equipment and pipelines of the primary circuit should be 
realized when cleaning caesium from primary sodium and washing out primary circuit with water after 
accomplishment of sodium residuals processing by means of hydro-carbonization technique. No 
additional decontamination of reactor vessel, equipment and pipelines of the primary circuit will be 
carried out and these parts shall remain as physical protection barriers.  

Improvement of the following systems of the facility (including partial or total replacement of 
equipment) shall be conducted taking into account the safety storage tasks – radiation control and 
monitoring systems, fire-extinguishing systems, process control and engineering systems. 

Criteria for completion of the stage 2 include: 

� 50 year period is over; 

� A decision about beginning the work on dismantling and disposal is taken and approved. 

Reactor vessel and primary circuit pipelines will be stored in air during the SAFSTOR period. 
Buildings and structures maintaining required conditions and safety, supply systems and networks will 
be in operation. Planning and detailed preparations for dismantling will be initiated for several years 
before the end of the SAFSTOR period. 

Criteria for completion of the stage 3 include: 

� Partial or total dismantling of the equipment, buildings and structures has been carried out, 
decontamination and rehabilitation of the site are completed. 

At the expected date for the end of the SAFSTOR period radiation levels within the reactor vessel ae 
expected to remain high. Accordingly, there are preliminary intentions to use remote dismantling 
machines. Dismantling, decontamination and disposal of primary circuit pipelines and other 
equipment, systems and buildings are expected to be performed by means of conventional 
decommissioning techniques. After completion of planned dismantling of the reactor building and 
structures a final survey of the site to establish radiological conditions will be required, to remove 
restrictions on further site use, as well as to plan land rehabilitation. 

3. Management 
According to the Decree of the Government of the Republic of Kazakhstan the Ministry of Energy and 
Mineral Resources of the Republic of Kazakhstan (MEMR RK) was charged with conduction of 
organizational and controlling activity under the project of safe decommissioning of the BN-350 
reactor.  

Kazakhstan Atomic Energy Committee (KAEC) is a part of the MEMR RK and as the nuclear 
regulator in Kazakhstan is responsible for supervision of nuclear and radiation safety, and the nuclear 
weapon non-proliferation regime. According to the Ministry order KAEC was authorized to provide 
coordination of BN-350 decommissioning work fulfillment with periodical reporting to the Ministry. 

In 1999, pursuant to the Ministry order Joint Stock Company “KATEP” (KATEP) was authorized to 
represent the state interests in the BN-350 Decommissioning Project. As a general customer KATEP 
defined the responsible subcontractors for each stage of the work, as well as their functions and 
responsibilities and provided reports to the Ministry. Pursuant to the given order KATEP developed 
"The scheme of management of BN-350 decommissioning activities ", which was the basis for both 
the organizational structure and interactions of BN-350 decommissioning organizations and other 
participants. According to this scheme the main participants of the project were as follows: 

� General Contractor - Mangyshlak Atomic Energy Complex (MAEC, currently LLC “MAEC-
Kazatomprom”), BN-350 site, Aktau City, Republic of Kazakhstan; 

� General Designer -, Russian Design and Research Institute of Complex Power-Engineering 
Technology (VNIPIET), St-Petersburg, Russian Federation; 
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� Scientific manager - the state research center of Russian Federation Physics-Power-  
Engineering Institute (GNC RF FEI), Russian Federation, Obninsk City. 

The other main contractors (heading institutions) of BN-350 decommissioning project are as follows: 

� Nuclear Technology Safety Center (NTSC), Almaty, Republic of Kazakhstan; 

� National Nuclear Center of the Republic of Kazakhstan (NNC RK), Kurchatov City, Republic 
of Kazakhstan. 

Recently, KATEP’s functions in the BN-350 Decommissioning Project were handed over to  NAC 
“Kazatomprom”, which is the owner of BN-350 reactor, but the above listed organizational structure 
was not changed. 

As the work load is very large and BN-350 decommissioning is a very lengthy process, a number of 
other contractors, including foreign institutions were engaged in this activity, for example: Argonne 
National Laboratory, EDF-Sogin, RWE NUKEM, some organizations from Russia (Raotekh, KBSM, 
etc.) and Japan (PESCO, RANDEC, ARTECH).  

Due to the fact that no Decommissioning Project had been previously realized in Kazakhstan, and the 
process of nuclear decommissioning (and its licensing) is a new one for both the customer 
organization and the government as a whole, and taking into account the BN-350 uniqueness and high 
potential hazard as well as the technological complexity of the forthcoming work regarding, a decision 
was made to develop technical specifications, and to define responsibilities and inter-relations of the 
main parties, and to set out the subsequent  stages in the regulatory and approval process. This process 
has resulted in two “Special technical requirements” (STR) documents:  

Special technical requirements «General Provisions on BN-350 Reactor Plant Decommissioning 
Project Development”;  

Special technical requirements on development of the BN-350 Decommissioning Project. 

Special technical requirements «General Provisions on BN-350 Reactor Plant Decommissioning 
Project Development” cover the development and implementation of BN-350 reactor plant 
Decommissioning Project (hereinafter referred to as Project) and integral parts of it. STR define and 
establish the project stages and the main requirements for technical tasks, Decommissioning Project, 
as well as define the procedure for coordination and approval of project documentation and the basic 
laws and standards, to which the project should adhere. Observing the main provisions and meeting 
the requirements of STR is mandatory for all legal and physical entities, which take part in project 
development and implementation. STR “General provisions on BN-350 Reactor Plant 
Decommissioning Project Development” defines two main stages of project development: 

- Development of Decommissioning Project; 

- Development of project documentation. 

Special technical requirements for project development define the BN-350 Decommissioning Project 
development procedure, establish the project stages, as well as project documentation composition 
structure and contents, and procedures for coordination and approval. 

To determine the activities required for ensuring reactor safety and in preparation for 
decommissioning, MEMR RK developed and approved, a “Plan of Priority Measures on BN-350 
Reactor Decommissioning”. This Plan has the status of managerial and ruling document and defines 
the activities to provide for the safety of BN-350 and preparation for decommissioning within the 
period until the “Project of BN-350 Decommissioning” is approved. Actions provided for the Plan 
include the following: 

� Measures on BN-350 Decommissioning Project development; 

� Measures on provision of the reactor safety within the transitional period; 

� Measures on sodium drainage and utilization;  

� Measures on long term storage of spent fuel. 

4. Performance 
Since 1999 until present the works have been intensively conducted according to the “Plan of Priority 
Measures on BN-350 Reactor Decommissioning”. The current status of works is following: 

� SNF has been packed in sealed casks filled with inert gas; 

� Special Technical Specifications for Design of Cask Dry Storage Facilities and Transfer Facility 
for the BN-350 Reactor SNF have been developed; 

� Technical Design “Transportation Package for BN-350 SNF” is being developed; 

� Technical Design of temporary storage facility at the BN-350 site is being developed; 

� Technical Tasks for reloading, long term storage at selected site, and the procedures for 
transportation are being developed. 

The second main task is connected with handling of LMC. By now the status of works under this task 
is the following: 

� The purification of sodium using caesium traps on the basis RVC installed in the primary circuit 
has been completed; 

� The drainage of primary sodium into primary storage tanks has been completed; 

� The design of sodium residuals process has been completed and the works are under way to 
execute this task; 

� The construction of the sodium processing facility has been started; 

� The Technical Task for geocementation facility design is being developed. 

The next main task is the processing (conditioning) and storing of radioactive wastes accumulated in 
the process of operation and formed during the decommissioning process. By now the technological 
installation of the LRW processing has been approved. An ion-selective purification method will be 
used (with the purpose of reducing the volume of radioactive wastes) with further cementing of 
radioactive deposits and placing of cement compound in concrete containers. The SRW processing 
facility was approved as well. 

To attract the international community to the decommissioning of the BN-350 reactor the decision to 
develop “The Decommissioning Plan of the Transfer the BN-350 Reactor into a status of Long-Term 
Safe Enclosure” was made. The objective and expected results of this work is to create a concise plan 
meeting international standards of excellence. A further intent of the plan is to provide a clear picture 
of the tasks required to place the BN-350 in SAFSTOR so that more international donors can make 
confident decisions as to whether they can contribute to support the plant’s decommissioning. 
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� Scientific manager - the state research center of Russian Federation Physics-Power-  
Engineering Institute (GNC RF FEI), Russian Federation, Obninsk City. 

The other main contractors (heading institutions) of BN-350 decommissioning project are as follows: 
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“Kazatomprom”, which is the owner of BN-350 reactor, but the above listed organizational structure 
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other contractors, including foreign institutions were engaged in this activity, for example: Argonne 
National Laboratory, EDF-Sogin, RWE NUKEM, some organizations from Russia (Raotekh, KBSM, 
etc.) and Japan (PESCO, RANDEC, ARTECH).  
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organization and the government as a whole, and taking into account the BN-350 uniqueness and high 
potential hazard as well as the technological complexity of the forthcoming work regarding, a decision 
was made to develop technical specifications, and to define responsibilities and inter-relations of the 
main parties, and to set out the subsequent  stages in the regulatory and approval process. This process 
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Project Development”;  
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establish the project stages and the main requirements for technical tasks, Decommissioning Project, 
as well as define the procedure for coordination and approval of project documentation and the basic 
laws and standards, to which the project should adhere. Observing the main provisions and meeting 
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Decommissioning Project Development” defines two main stages of project development: 
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- Development of project documentation. 
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development procedure, establish the project stages, as well as project documentation composition 
structure and contents, and procedures for coordination and approval. 
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4. Performance 
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� Special Technical Specifications for Design of Cask Dry Storage Facilities and Transfer Facility 
for the BN-350 Reactor SNF have been developed; 
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� The purification of sodium using caesium traps on the basis RVC installed in the primary circuit 
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� The drainage of primary sodium into primary storage tanks has been completed; 

� The design of sodium residuals process has been completed and the works are under way to 
execute this task; 

� The construction of the sodium processing facility has been started; 

� The Technical Task for geocementation facility design is being developed. 

The next main task is the processing (conditioning) and storing of radioactive wastes accumulated in 
the process of operation and formed during the decommissioning process. By now the technological 
installation of the LRW processing has been approved. An ion-selective purification method will be 
used (with the purpose of reducing the volume of radioactive wastes) with further cementing of 
radioactive deposits and placing of cement compound in concrete containers. The SRW processing 
facility was approved as well. 

To attract the international community to the decommissioning of the BN-350 reactor the decision to 
develop “The Decommissioning Plan of the Transfer the BN-350 Reactor into a status of Long-Term 
Safe Enclosure” was made. The objective and expected results of this work is to create a concise plan 
meeting international standards of excellence. A further intent of the plan is to provide a clear picture 
of the tasks required to place the BN-350 in SAFSTOR so that more international donors can make 
confident decisions as to whether they can contribute to support the plant’s decommissioning. 
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Abstract. This paper gives a general view of the Phenix decommissioning process from the lessons 
learned point of view. It summarizes the main steps of  end of operation (CDE) and dismantling phases and 
presents for each main operation the design stemmed from experience. These two phases are described from the 
final shutdown planned in 2009 to the end of dismantling in 2024. 

During the first phase, the operations consist mainly of removing fuel, removable components and other 
material, particularly the turbo-alternator equipment. Most of the new facilities for sodium and waste treatment 
will be designed and built during this phase. The used processes stem from processes already employed in 
France without any serious incident: 

� NOAH is a continuous water process for the treatment of the 1500 tons of sodium. This process was used 
with success for the primary sodium of Rapsodie and more recently at Dounreay (UK) to treat more than 
1000 tons of radioactive sodium; 

� ELA, dedicated to the cold traps’ treatment, is a process close to one used at Cadarache (CEA Centre) to 
treat non radioactive sodium resulting from fire tests;  

� Autoclave is a process already used at Grenoble (CEA Centre) to treat radioactive alloy Na-K; 

� ELI is dedicated to the treatment of secondary. The process is close to one used at Cadarache (CEA 
centre). 

During the dismantling phase, the operations consist mainly of treating the sodium and dismantling  the reactor 
and the other nuclear facilities and equipment. After draining the sodium from the reactor tank to the NOAH 
treatment process, it is planned to fill the tank up with water and to cut the most irradiated internal structures 
under water. Many different processes are in competition for this operation being laser one of these. Different 
tests are planned for the feasibility and the productivity of this type of operation under water. 

For the last operations, i.e. the cleaning and dismantling hot cells, CEA has a long experience and moreover 
there is no important difficulty for Phenix. 

1. Introduction 
Phenix is a fast breeder reactor developed in the late 1960s. Phenix has been in operation since 1973 
and was connected to the grid in 1974. During the first 20 years of operating, the main aim was the 
demonstration of viability for the FBR sodium cooling concept. Since the 1991 French law relating to 
the radioactive wastes (“loi Bataille”), Phenix became an irradiation tool for the actinide transmutation 
program. To reach the new schedule of 6 new operating cycles, it was necessary to renew the plant to 
obtain an extension of the time life. Today, according to realistic expectation, the final shutdown is 
planned for the beginning of 2009. 

Although the Superphenix and Rapsodie reactors were shut down a few years before Phenix, there is 
not a lot of French experience of decommissioning French FBR. On the other hand, the Phenix 
decommissioning schedule is more or less determined by SuperPhenix and will benefit by the 
experience of similar operations. 

The Phenix schedule described below is divided in three phases: first phase under the operating license 
(end of operation), sodium treatment phase and dismantling phase. 

Athens - Book of Contributed Papers A4.indd   214 2006-11-06   13:29:31



215

IAEA-CN-143/49 

Decommissioning of the Phenix sodium cooled fast breeder reactor : lessons learned 

M. Soldaini, M. Soucille, M. Deluge, V. Lerat

Commissariat à L'Energie Atomique (CEA), 
France 

Abstract. This paper gives a general view of the Phenix decommissioning process from the lessons 
learned point of view. It summarizes the main steps of  end of operation (CDE) and dismantling phases and 
presents for each main operation the design stemmed from experience. These two phases are described from the 
final shutdown planned in 2009 to the end of dismantling in 2024. 

During the first phase, the operations consist mainly of removing fuel, removable components and other 
material, particularly the turbo-alternator equipment. Most of the new facilities for sodium and waste treatment 
will be designed and built during this phase. The used processes stem from processes already employed in 
France without any serious incident: 

� NOAH is a continuous water process for the treatment of the 1500 tons of sodium. This process was used 
with success for the primary sodium of Rapsodie and more recently at Dounreay (UK) to treat more than 
1000 tons of radioactive sodium; 

� ELA, dedicated to the cold traps’ treatment, is a process close to one used at Cadarache (CEA Centre) to 
treat non radioactive sodium resulting from fire tests;  

� Autoclave is a process already used at Grenoble (CEA Centre) to treat radioactive alloy Na-K; 

� ELI is dedicated to the treatment of secondary. The process is close to one used at Cadarache (CEA 
centre). 

During the dismantling phase, the operations consist mainly of treating the sodium and dismantling  the reactor 
and the other nuclear facilities and equipment. After draining the sodium from the reactor tank to the NOAH 
treatment process, it is planned to fill the tank up with water and to cut the most irradiated internal structures 
under water. Many different processes are in competition for this operation being laser one of these. Different 
tests are planned for the feasibility and the productivity of this type of operation under water. 

For the last operations, i.e. the cleaning and dismantling hot cells, CEA has a long experience and moreover 
there is no important difficulty for Phenix. 

1. Introduction 
Phenix is a fast breeder reactor developed in the late 1960s. Phenix has been in operation since 1973 
and was connected to the grid in 1974. During the first 20 years of operating, the main aim was the 
demonstration of viability for the FBR sodium cooling concept. Since the 1991 French law relating to 
the radioactive wastes (“loi Bataille”), Phenix became an irradiation tool for the actinide transmutation 
program. To reach the new schedule of 6 new operating cycles, it was necessary to renew the plant to 
obtain an extension of the time life. Today, according to realistic expectation, the final shutdown is 
planned for the beginning of 2009. 

Although the Superphenix and Rapsodie reactors were shut down a few years before Phenix, there is 
not a lot of French experience of decommissioning French FBR. On the other hand, the Phenix 
decommissioning schedule is more or less determined by SuperPhenix and will benefit by the 
experience of similar operations. 

The Phenix schedule described below is divided in three phases: first phase under the operating license 
(end of operation), sodium treatment phase and dismantling phase. 

Athens - Book of Contributed Papers A4.indd   215 2006-11-06   13:29:32



216

2. End of operating phase (CDE) 

2.1. Fuel removal 
All the fuel SA will be dismantled inside the fuel dismantling hot cell (CEI). This operation consists of 
separating the pins, after a washing process to remove all residual sodium, from the structures. The 
pins are packaged into canisters and send to La Hague Reprocessing plant through different CEA 
facilities at Marcoule and Cadarache centres. The structures are cut and put inside cans then sent to a 
Marcoule facility called DIAM pit. 

The structure of subassemblies is a hexagonal tube. To extract pins, it is necessary to cut and open this 
tube. At the beginning of operation, a cutting bench based on the milling of the tube was developed. A 
sort of strip was created by the cutting of two big milling cutters and rolled around a remote tool. 
Unfortunately, this process was tested on non irradiated austenitic steel. At the very beginning of the 
SA dismantling, because of the increased hardness of spent steel, the rate of production was much 
lower than planned and it was necessary to develop a more efficient process. A new cell including 
different new equipment was built under the main one to bring this process into play. 

Lesson learned: Material characteristics could evolve a lot under irradiation. This information must be 
taken into account to select a cutting process 

2.2. Removal of reflectors and neutron shield rods 
The same equipment that was used for fuel removal was also used for more of the half of these 
elements. A new handling machine with a longer arm is necessary. To avoid significant re-
developments, this machine is derived from the normal one. As for the SuperPhenix project, new 
handling machines will be necessary to transfer items from the reactor vessel to the intermediate 
storage tank. Creating a new machine is more a problem of time and money than technology.

Figure 1 

Lesson learned: it is necessary to remove all sub assemblies and shielding rods before carbonating: all 
shielding rods must be extracted under sodium 

2.3. Removal of reactor components 
All facilities for component washing and dismantling were inoperation until 1974. This includes 
mainly several casks for component transfer, 3 washing pits and a special hot cell for maintenance. 
After a liquid decontamination process, components are dismantled inside light vinyl cells in the 
handling building. 

During a washing operation of a primary pump, an uncontrolled reaction occurred, causing a one 
meter high lifting of the pump. This was caused by a reaction between water and sodium at the bottom 
of the component. After this incident, a partition was made to avoid contact between sodium an water 
at the beginning of the process. The washing process is made in different phases: 

� Carbonating the sodium film with wet carbonic gas; 

� Cleaning sodium and carbonate with steam; 
� Total water immersion. 

Before the last phase, it is necessary to be sure that all sodium is removed from the structure because 
the washing pit is not designed for an instantaneous reaction of more than about 1 kilogram of sodium. 
From 1995, a continuous H2 measurement was added on the exhaust line. This device ensures that the 
reaction is complete when H2 production ceases. 

Lesson learned: it is necessary to control and to check the quantity of  sodium in block before water 
immersion 

3. Sodium treatment 
In 1995, a lethal accident occurred at Rapsodie during an uncontrolled reaction between residual 
sodium and alcohol in a sealed tank. This accident was due to the big amount of reactants present in 
the tank without control of the kinetics of the sodium reaction. 

After the Rapsodie accident, different processes were developed for sodium treatment and CEA 
concentrated efforts on water/soda-sodium reaction.  

Lesson learned: CEA selected a fast and complete reaction rather than a low reaction with a risk of 
runaway 

In the frame of this new strategy, at the end of the 1990s, CEA planned to construct a new facility for 
all sodium radioactive waste from the CEA facilities, including Phenix(ATENA). On financial 
grounds, the solution consisting of creating the different equipments at Phenix after the final shut 
down was preferred. The processes selected for the treatment of all sodium and sodium waste of 
Phénix are the same as for ATENA facility. Six different new processes were selected depending 
mainly on the quantity, the purity and the activity of sodium. Washing pits for components and core 
elements are already available, other equipment need to be constructed. 

3.1. Cold traps – ELA process 
Different processes were in competition for primary and secondary cold traps. Because of the high 
activity of the primary cold trap (between 8 to 16 137Cs TBq), the ELA process, developed for ATENA 
facility was selected.  

The ELA process concerns a maximum amount of a few tons of sodium, with a significant � � activity. 
Initially, it was planned to treat a total amount of 40 tons of sodium, but because of the low efficiency 
of the process, it was preferred to drain all pure sodium every time it is possible.  

This process derives from a non nuclear facility at 
Cadarache (RESONA) where a big amount of sodium 
and sodium compounds were treated successfully. The 
main incident was a total melting of a batch because of 
too high water rate injection. To avoid this problem, 
different parameters are measured to allow better 
control of the reaction i.e.:  

- H2 production; 

- H2O injection rate; 

and high thermal capacity of the bottom of the tank 
allows complete solidification before exhausting. 

                            

                         Figure 2 
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Lesson learned: The different problems occurred at CEA facility RESONA are taken  into 
account for the design of the new one, notably, the risk of batch melting. 

3.2. Secondary loops – ELI process 
Secondary sodium is contaminated by tritium at very low level. The process selected for the washing 
of pipes and components of the loops is close to the Cadarache facilities (SURBOUM and 
VAUTOUR) for non radioactive sodium. It consists of a cell of direct water aspersion on the sodium 
and the waste. This process is associated with a dismantling cell for packaging wastes. 

Figure 3. A view of the ELI facility and the SURBOUM facility on the right 

Lesson learned: with a limited quantity of sodium and a powerful ventilation the H2 risk is very 
limited 

3.3. Reactor structures – draining and carbonating 
After removal of core elements only the diagrid and some internal structures very close to the core will 
be very highly activated. Before cutting these structures, probably under water primary sodium will be 
drained by pumping. Residual sodium will be treated by carbonation before filling up the reactor 
vessel with water.  

The carbonation process needs some development to ensure that the different zones can be treated in 
depth. 

Lesson learned: this process is efficient but very slow. The porous carbonate allows treatment of thick 
layers of sodium 

3.4. Cesium traps – HA autoclave 
Cesium traps mainly come from other CEA facilities. Activity of one trap can be reach 10 TBq of 
137Cs. 

The process is the same as the process for NaK, but the reactor will be located in the fuel element hot 
cell. Complete process is exactly the same as for NaK piece using an alternative saw for cutting the 
trap. 

                    Figure 4                                                                               Figure 5 

Lesson learned: Autoclave is an intrinsically safe process if the quantities of sodium and water in a 
batch are limited to the design value. 

3.5. Primary and seccondary sodium NOAH process 

For pure liquid sodium, there is no doubt on the process 
selected. NOAH process was used successfully for 
Rapsodie and Dounreay sodium treatment and NOAH 
equipment are under construction for the bulk sodium of  
SuperPhenix plant. 

The reaction is controlled by a specific chemical reactor 
cooled by the sodium hydroxide re-circulation and drain 
by overflow. 

              Figure 6 

The DESORA facility was installed into the reactor hall to treat all primary sodium at Cadarache 
centre in 1980s. A facility called SDP is in operation at Dounreay to treat the sodium from PFR plant. 
More than 1000 tons of sodium have been treated with success. 

Lesson learned: NOAH is a very efficient and safe process. Operating experience for the treatment of 
radioactive sodium is important 

4. Dismantling phase 
This phase is not yet enough defined to be detailed in this paper. The dismantling scenario of the 
reactor is at present close to SuperPhénix using the core element hot cell to package the HA wastes. 
Development are planned with a laser for under water cutting. 

The experience in cutting activated structures in cells exists, especially at Dounreay (UK) where this 
process was used to cut fuel sub-assemblies. 

Lesson learned: many different cutting processes have been tried and tested but the selected process 
needs new tests to be adapted to the Phenix conditions 

4.1. Radioactive wastes 
Most of the radioactivity is due to the activation of structures under irradiation. Knowledge of the 
characteristics of the material before irradiation is very important to estimate (calculate) the final 
activity. 

Lesson learned: knowledge of the characteristics of the material before irradiation is very important to 
estimate (calculate) the final activity 

5. Conclusion 
Phenix is a unique prototype but there is already a wealth of dismantling experience and in treating 
sodium and sodium radioactive wastes. There are more unknowns on reactor dismantling and a testing 
program will be defined in the next future. 
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Lesson learned: knowledge of the characteristics of the material before irradiation is very important to 
estimate (calculate) the final activity 

5. Conclusion 
Phenix is a unique prototype but there is already a wealth of dismantling experience and in treating 
sodium and sodium radioactive wastes. There are more unknowns on reactor dismantling and a testing 
program will be defined in the next future. 
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Abstract. Lithuania operates the Ignalina nuclear power plant (INPP), which contains two Units with 
RBMK-1500 type reactors (thermal power output – 4200 MW, electrical power capacity – 1500 MW). The first 
Unit of the INPP went into operation at the end of 1983, the second Unit in August 1987. INPP produces 
approximately 80 % of the total electricity consumed in Lithuania.

Following the decision taken by the Government of Lithuania, Unit 1 of INPP was shut down at the end of 2004. 
Unit 2 is planned to be shut down in 2009. Due to the unique and complex design of the plant, the 
decommissioning of the INPP is a real challenge both for the operator and regulatory authorities. The preparation 
for decommissioning of the INPP started in 1999. 

According to the Law on Radiation Protection, the Radiation Protection Centre is in charge of drafting laws and 
other legal documents, drafting and presentation to the Government of principles of state strategy in radiation 
protection, registry and regulatory control of safety of radioactive sources, licensing of practices and organising 
the state supervision and control of compliance with radiation protection requirements. 

Generally, the decommissioning measures are reflected in decommissioning planning documents - Ignalina NPP 
Final Decommissioning Plan. Detailed work procedures (including planned exposures) will be provided in 
separate decommissioning and dismantling projects (developed for particular decommissioning phases), 
associated safety analysis reports and other documents. 

According to Lithuanian radiation protection regulations, the operator shall establish a decommissioning 
Radiation Protection Programme (RPP) to protect workers, the general public and the environment against 
hazardous influence of ionizing radiation during INPP decommissioning. 

1. Legal background 
The updated National Energy Strategy approved on October 10, 2002, states that on the understanding 
that European Union (EU) Member States recognized the closure of INPP as an exceptional financial 
burden to Lithuania, taking into account the size and economic strength of the country, and declared 
their solidarity and readiness to continue adequate community support for the decommissioning of 
INPP; shut down of Unit 1 took place on December 31, 2004 and the shut down of Unit 2 is planned in 
2009.According to the Law on Decommissioning of Unit 1 at the State Enterprise Ignalina Nuclear 
Power Plant, passed on May 2, 2000, preparation for decommissioning Unit 1 is to be completed by 
January 1, 2005. Following the above-mentioned law, the Programme of Decommissioning of INPP 
Units 1 was prepared and approved in 2001 and later for both Units in 2005, which provides legal, 
organizational, financial and technical measures necessary for the safe shut down of Unit 1 and later of 
Unit 2. A plan of measures to implement the Ignalina NPP Units 1 and 2 Decommissioning 
Programme was prepared in 2001, which consists of two parts: Part I provides technical and 
environmental protection measures and, Part II provides social and economical measures. The Plan is 
updated each year. The decommissioning programme contains the provision for development of the 
Final Decommissioning Plan (FDP) under the section related to technical and environment protection 
measures. Detailed planning (design) of decommissioning activities is performed on the basis of the 
Final Decommissioning Plan and consequently it shall contain among others, the decommissioning 
RPP [5]. 

With regards to assurance of radiation protection, the legal basis of radiation protection allowing to 
protect people and the environment from the harmful effects of ionizing radiation is established in the 
Law on Radiation Protection. The Law regulates relations of legal and natural persons arising from 
activities involving sources of ionizing radiation and radioactive waste management. According to 
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Power Plant, passed on May 2, 2000, preparation for decommissioning Unit 1 is to be completed by 
January 1, 2005. Following the above-mentioned law, the Programme of Decommissioning of INPP 
Units 1 was prepared and approved in 2001 and later for both Units in 2005, which provides legal, 
organizational, financial and technical measures necessary for the safe shut down of Unit 1 and later of 
Unit 2. A plan of measures to implement the Ignalina NPP Units 1 and 2 Decommissioning 
Programme was prepared in 2001, which consists of two parts: Part I provides technical and 
environmental protection measures and, Part II provides social and economical measures. The Plan is 
updated each year. The decommissioning programme contains the provision for development of the 
Final Decommissioning Plan (FDP) under the section related to technical and environment protection 
measures. Detailed planning (design) of decommissioning activities is performed on the basis of the 
Final Decommissioning Plan and consequently it shall contain among others, the decommissioning 
RPP [5]. 

With regards to assurance of radiation protection, the legal basis of radiation protection allowing to 
protect people and the environment from the harmful effects of ionizing radiation is established in the 
Law on Radiation Protection. The Law regulates relations of legal and natural persons arising from 
activities involving sources of ionizing radiation and radioactive waste management. According to 
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Article 7 of the Law on Radiation Protection, the Radiation Protection Centre (RSC) is a body co-
ordinating the activities of executive and other bodies of public administration and local government 
in the field of radiation protection, exercising state supervision and control of radiation protection, 
monitoring and expert examination of public exposure. The provisions of the Law on Radiation 
Protection are implemented through the lower level documents: hygiene standards, orders of the 
Minister of Health and orders of the Director of RSC. 

2. Relevance of support and assistance activities in decommissioning 
The decommissioning process is a new task for Lithuania; therefore, regulatory and technical support 
from the IAEA and other international organizations for safe decommissioning of nuclear facilities is 
essential. Since 2000, this support is provided through the IAEA national project LIT/4/002 “Support 
to Decommissioning of Unit 1 at Ignalina NPP”, also before the beginning of this project the IAEA 
contributed significantly to the preparation of legal basis needed for decommissioning. In 2004-2005, 
three IAEA expert missions were organized at RSC, that were aimed at reviewing the environmental 
impact assessment documents for the decommissioning project of the Final Shutdown and Defueling 
Phases of Unit 1 and the Safety Analysis Report of the same project, as well as transport of partially 
burned nuclear fuel from Unit 1 to Unit 2. The IAEA has also provided relevant equipment for 
environmental monitoring, radiological and radiochemical measurements, and software for calculation 
of doses. In order to gain experience and share relevant problems arising during decommissioning, the 
staff from RSC and staff from other state authorities and operators through this project is taking part in 
fellowships, workshops and conferences. 

Support for activities related to decommissioning of INPP is also provided by the European Union in 
the form of assistance projects for regulatory review of the decommissioning licensing related 
documents and enhancement of regulatory capabilities of state authorities taking part in 
decommissioning. This is particularly done through the EU PHARE and Transition Facilities 
instruments (in 1999-2006) and through the special Ignalina Programme (IP) after 2006. 

Support in decommissioning activities is recognized as a very valuable contribution, which ensures 
that decommissioning will be carried out in a competent manner, safely and according to the best 
international practice. 

3. Requirements for occupational and public radiation protection during operation 
and decommissioning of nuclear facilities 

The major regulations of the Republic of Lithuania for radiation protection at nuclear facilities are the 
“Basic Standards of Radiation Protection” HN 73:2001 (2001) [1] and “Radiation Protection in 
Nuclear Facilities” HN 87:2002 (2002) [2]. The requirements of these regulations are in compliance 
with [3] and [4]. 

For the general public, the annual effective dose constraint, caused by the operation and 
decommissioning of nuclear facilities, is 0.2 mSv [2]. 

According to HN 87:2002, a decommissioning Radiation Protection Programme (RPP) shall be 
established to protect workers against hazardous influence of ionizing radiation during INPP 
decommissioning activities. Section 18 of the HN 87:2002 lists different items to be included in the 
RPP:

• Classification of working areas and access control; 

• Local rules, measures of supervision of safety at work and order of organization of work; 

• Investigation levels of workers irradiation, dose constraint monitoring, monitoring of 
workplaces and individual doses monitoring; 

• Individual protective means of workers and their application; 

• Main premises control systems for assurance of radiation protection; 

• Requirements for management of radioactive waste; 

• Radiation protection measures applied during an accident; 

• Application of optimisation principle (ALARA) and measures for exposure reduction; 

• Order of workers health surveillance; and 

• Mandatory training of workers and their instructions. 

In accordance with the INPP management procedure “Radiological Protection”, in the frame of the 
INPP RPP, the operator created a set of procedures. Since the activities to be carried out during the 
decommissioning are comparable to those of large routine maintenance outages, with a lower amount 
of maintenance activities and an increased amount of cleaning, decontamination, equipment handling 
and cutting, radioactive waste conditioning operations, the radiation protection principles and 
procedures implemented during the routine operation of INPP remain applicable during the INPP 
decommissioning. 

4. Planned implementation status of INPP decommissioning radiation protection 
programme 

The INPP Decomissioning RPP will be based on the existing INPP RPP currently used at the plant to 
cover the routine INPP operation. This RPP will be adapted in the future to take into account the 
evolution of the radiological situation of the plant and the specific organizational and technical 
measures to be taken as the decommissioning activities are planned and /or in progress. 

Section 82 of the HN 87:2002 requests that, during the planning of the radiation protection measures 
and during the implementation of the RPP, INPP shall: 

• Foresee and apply the optimisation and dose limitation principles to be applied; 

• Estimate the labour expenditures, and the collective and individual doses for each 
decommissioning phase. Approval of these estimates by the Radiation Protection Centre is 
required;

• Estimate the committed effective dose for the general public for each decommissioning phase of 
the INPP; 

• Perform the individual monitoring of workers and monitoring of workplaces, analyse obtained 
results and present them to the Radiation Protection Centre according to order established by 
legal acts; 

• Where adequate, apply methods for decontamination of equipment and components of the 
INPP;

• Estimate the radiological environment at the beginning and at the end of each decommissioning 
phase;

• Estimate the amount of radioactive waste resulting from the decommissioning of INPP and of 
the exposure of workers while managing the radioactive waste; 

• Estimate the planned amounts of radioactive material released to the environment, monitor the 
releases and control that they do not exceed the released limits; 

• Ensure that conditional and unconditional clearance levels are applied for the radioactive 
substances that will be transported from INPP or reused. 

Paragraphs hereafter describe how the various items listed in section 18 of HN 87:2002 are already 
addressed in the existing INPP RPP and how they will be adapted for and during the decommissioning 
projects. 

The operator provides that decommissioning planning and activities will comply with each of these 
requirements, in the following way [5]: 

1. Foresee and apply the optimisation and dose limitation principles. These important goals 
are the basis of the ALARA policy, already in force at the plant, which shall be applied during 
the decommissioning. The ALARA policy is considered in the frame of the proposal of
decontamination activities and of the selection of dismantling techniques with adequate 
shielding or remote operation. The Activity Data Base Sheets (DBS) will require, for each 
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to Decommissioning of Unit 1 at Ignalina NPP”, also before the beginning of this project the IAEA 
contributed significantly to the preparation of legal basis needed for decommissioning. In 2004-2005, 
three IAEA expert missions were organized at RSC, that were aimed at reviewing the environmental 
impact assessment documents for the decommissioning project of the Final Shutdown and Defueling 
Phases of Unit 1 and the Safety Analysis Report of the same project, as well as transport of partially 
burned nuclear fuel from Unit 1 to Unit 2. The IAEA has also provided relevant equipment for 
environmental monitoring, radiological and radiochemical measurements, and software for calculation 
of doses. In order to gain experience and share relevant problems arising during decommissioning, the 
staff from RSC and staff from other state authorities and operators through this project is taking part in 
fellowships, workshops and conferences. 
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The major regulations of the Republic of Lithuania for radiation protection at nuclear facilities are the 
“Basic Standards of Radiation Protection” HN 73:2001 (2001) [1] and “Radiation Protection in 
Nuclear Facilities” HN 87:2002 (2002) [2]. The requirements of these regulations are in compliance 
with [3] and [4]. 

For the general public, the annual effective dose constraint, caused by the operation and 
decommissioning of nuclear facilities, is 0.2 mSv [2]. 

According to HN 87:2002, a decommissioning Radiation Protection Programme (RPP) shall be 
established to protect workers against hazardous influence of ionizing radiation during INPP 
decommissioning activities. Section 18 of the HN 87:2002 lists different items to be included in the 
RPP:

• Classification of working areas and access control; 

• Local rules, measures of supervision of safety at work and order of organization of work; 

• Investigation levels of workers irradiation, dose constraint monitoring, monitoring of 
workplaces and individual doses monitoring; 

• Individual protective means of workers and their application; 

• Main premises control systems for assurance of radiation protection; 

• Requirements for management of radioactive waste; 

• Radiation protection measures applied during an accident; 

• Application of optimisation principle (ALARA) and measures for exposure reduction; 

• Order of workers health surveillance; and 

• Mandatory training of workers and their instructions. 

In accordance with the INPP management procedure “Radiological Protection”, in the frame of the 
INPP RPP, the operator created a set of procedures. Since the activities to be carried out during the 
decommissioning are comparable to those of large routine maintenance outages, with a lower amount 
of maintenance activities and an increased amount of cleaning, decontamination, equipment handling 
and cutting, radioactive waste conditioning operations, the radiation protection principles and 
procedures implemented during the routine operation of INPP remain applicable during the INPP 
decommissioning. 

4. Planned implementation status of INPP decommissioning radiation protection 
programme 

The INPP Decomissioning RPP will be based on the existing INPP RPP currently used at the plant to 
cover the routine INPP operation. This RPP will be adapted in the future to take into account the 
evolution of the radiological situation of the plant and the specific organizational and technical 
measures to be taken as the decommissioning activities are planned and /or in progress. 

Section 82 of the HN 87:2002 requests that, during the planning of the radiation protection measures 
and during the implementation of the RPP, INPP shall: 
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• Estimate the labour expenditures, and the collective and individual doses for each 
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phase;

• Estimate the amount of radioactive waste resulting from the decommissioning of INPP and of 
the exposure of workers while managing the radioactive waste; 

• Estimate the planned amounts of radioactive material released to the environment, monitor the 
releases and control that they do not exceed the released limits; 

• Ensure that conditional and unconditional clearance levels are applied for the radioactive 
substances that will be transported from INPP or reused. 

Paragraphs hereafter describe how the various items listed in section 18 of HN 87:2002 are already 
addressed in the existing INPP RPP and how they will be adapted for and during the decommissioning 
projects. 

The operator provides that decommissioning planning and activities will comply with each of these 
requirements, in the following way [5]: 

1. Foresee and apply the optimisation and dose limitation principles. These important goals 
are the basis of the ALARA policy, already in force at the plant, which shall be applied during 
the decommissioning. The ALARA policy is considered in the frame of the proposal of
decontamination activities and of the selection of dismantling techniques with adequate 
shielding or remote operation. The Activity Data Base Sheets (DBS) will require, for each 

Athens - Book of Contributed Papers A4.indd   223 2006-11-06   13:30:06



224

decommissioning activity, the review of procedures, personnel training, equipment testing, 
ALARA objectives and other possible preparatory activities. 

2. Estimate the labour expenditures, the collective and individual doses and estimate the 
committed effective dose for the general public for each decommissioning phase of INPP.- 
Estimate the amount of radioactive waste resulting from the decommissioning of INPP 
and of the exposure of workers while managing the radioactive waste. Estimate the 
planned amounts of radioactive material released to the environment: The 
decommissioning Activity Data Base Sheets (DBS) provides for each decommissioning 
activity: the manpower needed, the collective dose to the personnel and the individual 
maximum or average dose; the liquid and gaseous releases to the environment and the quantities 
of waste being generated and the dose associated with the radioactive waste processing. On the 
basis of the different activities to be performed during a given decommissioning phase, the 
corresponding total needed manpower and collective dose, liquid and gaseous liquid releases in 
the environment and quantities of waste to be processed or disposed, is assessed The estimated 
collective dose to the personnel that is tentatively distributed among the various 
decommissioning phases, is given in Figure 1. 
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Figure 1. Decommissioning D&D Projects doses (man Sv) [5]1.

1 D & D Project 1: includes dismantling activities in buildings D (control, electrical and deaerator rooms) and G (turbine 
hall). Full mass to be dismantled is equal 26,707 tons, but not all equipment will be dismantled during this phase. It is 
assumed that 20,000 tons can be dismantled in buildings D and G within D&D Project 1, and 3,350 tons per year. 
D & D Project 2: includes dismantling activities mainly in reactor buildings V (reactor gas circuit and special venting) and 
No. 117 (pressurized tanks of the Emergency Core Cooling System, ECCS). Total mass of equipment to be dismantled is 
equal 1,759 tons. It gives 880 tons of dismantled mass per year. 
D & D Project 3: includes dismantling activities in buildings A (reactor building) and B (low-salt water facility and bypass 
water treatment facility of the MCC), allowed while fuel is still present in the storage pools. The total mass of contaminated 
components to be dismantled in building A is equal to 16,273 tons. Deducting the mass of the large MCC components not to 
dismantle in D&D Project 3 (like drum separators, headers, MCPs), and taking into account the mass of the equipment that 
can be dismantled in building B (by-pass system of the primary water purification – 307 tons, blow down cool down system – 
79 tons), the mass of the components to be dismantled during D&D Project 3 would amount approximately 15,000 tons. It 
gives 3,750 tons per year for Unit 1 and 3,000 tons for Unit 2. 
D & D Project 4: includes decommissioning activities in buildings A, B and V (reactors excluded) 
D & D Project 5: covers dismantling of the Units reactors activated components 

3. Estimate the committed effective dose for the general public for each decommissioning 
phase of INPP. This issue is covered in the decommissioning environmental impact assessment 
documents. 

4. Perform the individual monitoring of workers and monitoring of workplaces. The 
preliminary monitoring of the radiological characteristics includes the general investigation of 
all equipment, systems or compartments with development of dose maps. Radiological 
measurements at work places are carried out directly before commencement of and during the 
activities. Necessary dose mitigation measures (such as equipment decontamination, installation 
of temporary shielding, adaptation of activity sequence, etc.) can be applied on the basis of the 
results of every aforesaid measurement and cost – benefit analysis. The individual doses of the 
personnel, involved in the activities in the controlled area, are monitored by the “ALNOR” 
thermoluminescent dosimeter (TLD) system with a frequency of once a month. This frequency 
whould increase should the individual exposure exceed 2 mSv. The operational (every shift) 
control is carried out by means of electronic dosimeters (RAD), which are given in addition to 
the “ALNOR” TLD during implementation of activities in high radiation fields. The results of 
the operational dose measurements are registered in the database every day and analysed by 
health physicists. In order to keep the personnel doses ALARA, the planned daily, monthly and 
annual exposures associated to specific tasks are established. The evolution of the actual 
individual and collective doses is compared to the evolution of the predicted values. Exceeding 
these estimates implies an investigation of the corresponding causes and corrective actions. 

5. Where adequate, apply methods for decontamination of equipment and components: The 
compliance with the ALARA policy objectives for the plant personnel basically relies on 2 key 
issues: 1)the preparation of dose maps in the area of the activities to be done with a high level of 
details, and 2) the control of the radiological characteristics during the work implementation and 
the monitoring of the individual and collective doses during the execution of the tasks and the 
implementation of corrective actions in case of violation of the pre-established ALARA 
objectives. These key issues are already implemented during the routine operation of INPP and 
will still remain applicable during dismantling activities. In order to comply with the ALARA 
objectives, complementary computer simulation tools will be applied in the frame of the 
decommissioning process. 

6. Estimate the radiological environment at the beginning and at the end of each 
decommissioning phase: The decommissioning Activity Data Base Sheets (DBS) request for 
each decommissioning activity that dose maps around equipment, before and after process 
implementation, are prepared. 

7. Monitor the releases and control of material to ensure that they do not exceed the released 
limits. This issue is already covered by the existing INPP RPP and this situation will prevail in 
the future. Adaptation of some of the present releases limits will be proposed by INPP during 
the decommissioning phase. 

8. Ensure that conditional and unconditional clearance levels are applied. Corresponding 
operational procedures will be set up in accordance with the decommissioning RPP. In the 
frame of the pre-decommissioning support project B2/B3/B4, the modernization of the 
management of short and long-lived low and intermediate level waste was launched. The new 
facility will allow the retrieval, transfer, sorting, treatment, repackaging and storage of the short 
and long-lived solid radioactive waste, currently stored on the INPP site. It will also 
accommodate the processing of the operational solid waste produced by the plant until the final 
closure of Unit 2 estimated to be by 2009 and the waste arising during the decommissioning. As 
part of this project, measures necessary to implement comprehensive waste management in 
accordance with the new classification of waste will be provided. Existing operational 
procedures, including the radiation protection procedures, will be adapted accordingly and new 
procedures will be issued when necessary. 
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decommissioning activity, the review of procedures, personnel training, equipment testing, 
ALARA objectives and other possible preparatory activities. 

2. Estimate the labour expenditures, the collective and individual doses and estimate the 
committed effective dose for the general public for each decommissioning phase of INPP.- 
Estimate the amount of radioactive waste resulting from the decommissioning of INPP 
and of the exposure of workers while managing the radioactive waste. Estimate the 
planned amounts of radioactive material released to the environment: The 
decommissioning Activity Data Base Sheets (DBS) provides for each decommissioning 
activity: the manpower needed, the collective dose to the personnel and the individual 
maximum or average dose; the liquid and gaseous releases to the environment and the quantities 
of waste being generated and the dose associated with the radioactive waste processing. On the 
basis of the different activities to be performed during a given decommissioning phase, the 
corresponding total needed manpower and collective dose, liquid and gaseous liquid releases in 
the environment and quantities of waste to be processed or disposed, is assessed The estimated 
collective dose to the personnel that is tentatively distributed among the various 
decommissioning phases, is given in Figure 1. 
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Figure 1. Decommissioning D&D Projects doses (man Sv) [5]1.

1 D & D Project 1: includes dismantling activities in buildings D (control, electrical and deaerator rooms) and G (turbine 
hall). Full mass to be dismantled is equal 26,707 tons, but not all equipment will be dismantled during this phase. It is 
assumed that 20,000 tons can be dismantled in buildings D and G within D&D Project 1, and 3,350 tons per year. 
D & D Project 2: includes dismantling activities mainly in reactor buildings V (reactor gas circuit and special venting) and 
No. 117 (pressurized tanks of the Emergency Core Cooling System, ECCS). Total mass of equipment to be dismantled is 
equal 1,759 tons. It gives 880 tons of dismantled mass per year. 
D & D Project 3: includes dismantling activities in buildings A (reactor building) and B (low-salt water facility and bypass 
water treatment facility of the MCC), allowed while fuel is still present in the storage pools. The total mass of contaminated 
components to be dismantled in building A is equal to 16,273 tons. Deducting the mass of the large MCC components not to 
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5. Conclusions 
In order to ensure the occupational radiation protection during decontamination and dismantling 
activities, the implementation of a decommissioning radiation protection programme is a key issue 
required by Lithuanian radiation protection legislation. 

A set of procedures, forming the Radiation Protection Program, was created and is effectively 
implemented at Ignalina NPP. Most of the radiation protection principles and procedures implemented 
during the routine operation of INPP will remain applicable during the INPP decommissioning. If 
necessary, new manuals and job descriptions will be prepared and agreed, training of the personnel 
will be foreseen before the commencement of activities. 

The compliance with the ALARA policy objectives for the plant personnel basically relies on 2 key 
issues that, actually, are already implemented during the routine operation of INPP: 

• The preparation of the tasks to be carried out in the controlled area with a high level of details, 
and carrying out of mitigation measures; 

• The monitoring of the individual and collective doses during the execution of the tasks and the 
implementation of corrective actions in case of violation of the pre-established ALARA 
objectives. 

This policy, currently implemented during Ignalina NPP operational activities will be implemented 
during the dismantling activities. 
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  Abstract. The following aspects are considered in this document: 

� Brief history of Chernobyl Nuclear Power Plant (ChNPP) Decommissioning; 
� Current state of ChNPP; 
� Achievements of ChNPP shutdown stage; 
� Issues and lessons learned. 

1. Background 
In December 1995 “Memorandum of Understanding between the Governments of the G-7 countries, 
the Commission of the European Communities and the Government of Ukraine on the closure of the 
Chernobyl Nuclear Power Plant” was approved. 

The Government of Ukraine, showing good will and confirming its intentions of fulfilling 
international commitments on shutdown by 2000, took the decision of early shutdown of Chernobyl 
NPP Units. ChNPP Unit 1 was shutdown on November 30, 1996, Unit 2 – on October 11, 1991, and 
Unit 3 – on December 15, 2000. Thus, Ukraine fulfilled the commitments completely. 

State Specialized Enterprise (SSE) “Chernobyl NPP” was established by the Decree of Cabinet of 
Ministers of Ukraine in 2001 for decommissioning of ChNPP and other nuclear facilities of Ukraine. 
In 2002, SSE ChNPP obtained the license of the Regulating Body - State Committee of Nuclear 
Regulation of Ukraine, for decommissioning activities of Chernobyl NPP Units. 

2. Achievements and current activities 

A large scope of work has been implemented during 5 years since shutdown of the last Unit 
(No. 3) of Chernobyl NPP. 

Figure 1 
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During 1999-2005, the Comprehensive Engineering Survey (CES) of ChNPP Units 1, 2, and 3 was 
carried out. Currently, CES data base is being compiled based on the results of data investigation. The 
data base will be updated periodically. 

The new industrial Replacement Heating Plant (HP) was commissioned in 2001 to provide ChNPP 
and Sanitary-Controlled Exclusion Zone with steam and hot water. HP Construction Project was 
financed by US Department of Energy and Ukraine (Figure 2). 

Figure 2  

New Interim Fuel Storage (ISF-2) is under construction for long-term safe storage of spent nuclear 
fuel (SNF) at ChNPP site (Figure 3). The dry storage concept is used at ISF-2, the specified lifetime is 
100 years. EBRD finances the construction. “FRAMATOME” is the General Contractor. 
Commissioning planned for Summer 2005. But since April 2003, the construction has been suspended 
as a result of critical deviations from the requirements of Term of Reference. Currently, negotiations 
are underway to resume construction activities at ISF-2. So, a commissioning date for ISF-2 is not 
defined yet. 

Figure 3  

Figure 4  

In order to create the infrastructure required for ChNPP decommissioning, a Liquid Radwaste 
Treatment Plant (LRTP) is under construction financed by EBRD. The General Contractor is 
Consortium of companies with BELGATOM as the leader. Currently, building-assembling works 
have been finished, commissioning of primary equipment is being carried out, liquid radioactive waste 
(LRAW) retrieval system is being assembled. 

The planned term of contract completion is 29.09.2007 (Figure 5). 

Figure 5 

The construction of the Industrial complex for solid radwaste management (ICSRM) is financed by 
European Commission and Ukraine (Figure 6). ICSRM consists of 3 lots: 

� Lot 1 – Solid RAW retrieval Facility from existing Solid Waste Storage Facility (SWSF); 

� Lot 2 – Solid Waste Treatment Plant and Interim Storage Facility of LLW and HLW; 

� Lot 3 – Storage Facility for low and intermediate level short-lived RAW. 
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Figure 6  

The General Contractor is RWE NUKEM GmbH Company. Contract completion is planned 
by the mid-2006. 

Figure 7

The Concept of Chernobyl NPP Decommissioning defines that final state of ChNPP site, as a result of 
decommissioning, can be defined as “Brownfield”. In the context of the Concept, it is a state of the 
site, where buildings and construction equipment have been dismantled, and radioactivity of building 
structures, is reduced to levels of restricted release from regulatory control established for this facility. 

ChNPP Unit decommissioning will be carried out in accordance with the strategy of “delayed 
dismantling” (under US classification – SAFSTOR). Safe enclosure of reactor structures (up to 100 
years) and equipment of primary circuit (up to 50 years) within existing building structures is 
stipulated.

Currently, ChNPP performs preparatory actions for decommissioning. 

More than 20,000 (SFAs) cores and cooling ponds of Chernobyl NPP Units and ISF-1. Activities to 
transfer spent nuclear fuel from Units. 

Plans to transfer spent nuclear fuel from Unit 3 at the beginning of 2008 were approved. So is the 
transfer from Units 1 and 2 – by mid 2009, on the assumption of successful implementation of plans 
for double-density storage of SNF at ISF-1. 

Activities have been completed to release process media, accomplish final shutdown and de-license of 
non-safety-related systems and equipment not required for next decommissioning stages. 

Forty-five percent of ChNPP equipment and pipelines (or 95% of works to be done before SNF 
transfer) were decommissioned and their de-licensing was performed at the beginning of 2006. 

Activities aimed at dismantling of reactor external equipment, systems and components, with very low 
contamination levels not required for following decommissining stage, have been started in 2004 
(Figures 8 and 9). 

Figure 8  

Figure  9  
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At the beginning of 2006 was completed dismantling of the equipment of Nitrogen Oxygen Station 
NOS-1. The NOS-1 building needs to be used for the Plant on Primary Packing (Drums) for RAW. 
Equipment of Turbine Hall and electrolysis facility are being dismantled. 

Many international projects are implemented at ChNPP site: 

With assistance of the Department of Trade and Industry (DTI), the following projects are under 
implementation: 

� “Development of Preliminary Safety Analysis Report of ChNPP Units 1 and 2 at the Stage of 
Final Shutdown and ChNPP Personnel Training for Decommissioning Safety Assessment”; 

� “Development of Safety Analysis Report” during transfer SNF to the ISF-2”; 

� “Development of Emergency Plans for ISF-2 and ChNPP LRTP”; 

� “Development of Radiation Monitoring System Concept at ChNPP site”. 

Within the framework of cooperation with IAEA, two national projects are being implemented at 
ChNPP: 

� “UKR/04/10 – Radioactive Materials Management of Chernobyl NPP Shelter”; 

� “UKR/04/11 – Chernobyl NPP Decommissioning Support”. 

Also, IAEA supports ChNPP within the framework of regional project: 

� “RER/3/003 – Nuclear Plants Decommissioning Support”. 

We consider these projects as very efficient and hope for their further continuation and broadening. 

3. Issues and lessons learned 
Basic problems delaying decommissioning activities of ChNPP include the following: 

3.1. Insufficient  financial support 
Decommissioning was started without having collected specific financial resources fund; therefore, 
decommissioning was carried out using the budget of Ukraine. Financing was insufficient during last 
years and in 2006. Thus, the financing does not allow Chernobyl NPP to perform all actions in 2006 
required for effective implementation of decommissioning of shutdown units and convention of the 
Shelter into an ecologically safe system. 

3.2. Lack of infrastructure on RAW and  SNF management of ChNPP 
Delay in commissioning of SNFSF-2 was the main reason to postpone ChNPP decommissioning. 
Delay in construction of LRTP and ICSRM is less critical. 

One of the possibilities to inprove the current situation would be more effective participation of 
ChNPP specialists in Project Management Unit (PMU) activities on construction of infrastructure to 
manage RAW and SNF. ChNPP personnel have skills and experience on operation of systems and 
equipment, high qualifications and could be retrained quickly for decommissioning purposes. 

3.3. Lack of RAW storage facilities at the ChNPP and absence of storage facility in deep 
geological formations 
Volumes of RAW storage facilities at ChNPP are insufficient for disposal of all wastes arising from 
operational period and those wastes, which will be generated during decommissioning, and conversion 
of Shelter into ecologically safe system. It is vital for ChNPP to build up and commission new 
capacities meeting world is standards for RAW storage facilities. 

Legislation of Ukraine provides for the building of the storage facility for long-lived and high-level 
radioactive waste (LLW and HLW) in deep geological formation. However, building programs are 
absent, and these operations are not carried out currently in Ukraine. 

3.4. Lack of reliable information on reactor structures status 
The reactor buildings are the most contaminated equipment, but ChNPP has no complete information 
about this issue. 

In order to obtain missing information and systematize that already existing, in-field surveys and 
calculations including inspection of nuclear-physical and mechanical characteristics of reactor 
structural materials shall be carried out. 

It is required to survey induced activity and technical condition of reactor structures for determining 
time constraints and justification of any safe enclosure period. It is also required to justify capacities to 
perform long-term shielding functions while ensuring mechanical and containment properties. This 
activity should be carried out by specialized organizations and institutions, which is difficult under 
conditions of limited funding. 

Currently, Chernobyl NPP is trying to involve scientific organizations qualified for decommissioning 
activities, first of all Russian organizations, reallocate functions and responsibilities from PMUs to 
ChNPP, which will allow to significantly intensify ChNPP Unit decommissioning activities. 
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Abstract. According to the requirements of the bilateral agreement between Republic of Slovenia and 
Republic of Croatia on the legal and other obligations for Nuclear power plant (NPP) Krško which is shared 
between both republics the Program of NPP Krško Decommissioning and SF and LILW Disposal (the Program) 
was prepared in 2004. The main purpose of the Program was to estimate the overall expenses of the future 
decommissioning, radioactive waste and spent fuel management of the NPP Krško in order to establish separate 
fund in Croatia and to correct the rate per kWh collected in the existing decommissioning fund in Slovenia. The 
program looked at all possible scenarios of dismantling, radioactive waste and spent fuel management and 
proposed the most plausible two scenarios which are technically possible and financially feasible. The Program 
includes also the recommendations for the further work on the Program while the next revision of the Program 
should be prepared in 5 years time,in 2009. To make good progress in the next revision serious preparations 
including some strategic decisions have started immediately. While the Program from 2004 was prepared under 
time pressure many important aspects of decommissioning and waste disposal were not sufficiently elaborated, 
some others were omitted from further investigation because of imposed boundary conditions. In 2005 ARAO 
and APO also joined the IAEA regional project on “Support to decommissioning of NPP’s” under which IAEA 
expert mission of the Program was performed. According to the IAEA expert mission recommendations first 
Preliminary Decommissioning Plan (PDP) will have to be drawn up including a detailed cost estimation based 
on pre-decommissioning characterization. In parallel other missing documents specifically on LILW and SF 
management will be prepared according to the development of the projects. Finally the incorporation of the 
findings of all different modules will be combined in the new revision of the Program. The paper will present the 
solutions of the first 2004 revision and will describe the plans for preparation of the new revision of the Program 
in 2009. 

1. Introduction 
As required by the paragraph 10 of the Agreement between the governments of Slovenia and Croatia 
on the status and other legal issues related to investment, exploitation, and decommissioning of 
Nuclear power plant (NPP) Krško, Decommissioning program for NPP Krško including low and 
intermediate level radioactive waste (LILW) and spent fuel management was prepared in 2004. The 
Intergovernmental body (IGB) composed by both ministers and other governmental representatives 
who coordinated the implementation of the Agreement required that the Program should be an 
extensive revision of the previous program from 1996, as one of several iterations to be prepared 
before final version will be finished just prior to the end of the planned life time of NPP Krško in 
2023. It was required also that the Program should be based on all known data and international 
standards as well as the best practice in the field. 

The main purpose of the joint Program was to estimate the expenses of the future decommissioning, 
radioactive waste and spent fuel management for Krško NPP. Costing estimation with target sums 
needed at the beginning of decommissioning should be the basis for establishing decommissioning 
fund in Croatia and correction of the rate for existing decommissioning fund in Slovenia.  

Program development was entrusted to specialized organizations both in Croatia and Slovenia (APO 
d.o.o. & ARAO) which formed the Project team as the operative body. Also, IGB nominated the 
Advisory board with experts from Croatia and Slovenia. The role of the Advisory board was 
supervising the activities of the Project team and resolving issues raised by the Project team. NPP 
Krško was supplying needed data. Consulting firms from Croatia and Slovenia were involved as well 
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Abstract. According to the requirements of the bilateral agreement between Republic of Slovenia and 
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who coordinated the implementation of the Agreement required that the Program should be an 
extensive revision of the previous program from 1996, as one of several iterations to be prepared 
before final version will be finished just prior to the end of the planned life time of NPP Krško in 
2023. It was required also that the Program should be based on all known data and international 
standards as well as the best practice in the field. 

The main purpose of the joint Program was to estimate the expenses of the future decommissioning, 
radioactive waste and spent fuel management for Krško NPP. Costing estimation with target sums 
needed at the beginning of decommissioning should be the basis for establishing decommissioning 
fund in Croatia and correction of the rate for existing decommissioning fund in Slovenia.  

Program development was entrusted to specialized organizations both in Croatia and Slovenia (APO 
d.o.o. & ARAO) which formed the Project team as the operative body. Also, IGB nominated the 
Advisory board with experts from Croatia and Slovenia. The role of the Advisory board was 
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as experts from International Atomic Energy Agency (through short visits to Zagreb and Ljubljana) for 
specialized fields (e.g. economic aspects of decommissioning, pre-feasibility study for spent fuel 
repository in crystalline rock, etc.)  

2. The program of NPP Krško decommissioning and SF and LILW disposal 
The Program is divided in 7 separate units – modules. Previous work on decommissioning and waste 
or spent fuel management for NPP Krško and boundary conditions set by the IGB are described in 
Module 1 and 2. Technical solutions for disposing of LILW, spent fuel management, 
decommissioning and dry storage are explained in modules 3, 4 and 5. The final Module 6 and 7 
formulates the scenarios respecting boundary conditions which are later financially analyzed, 
compared, further improved and selected 2 most optimal scenarios, based on which proposal for the 
collecting of the financial resources into the decommissioning funds in Croatia and Slovenia is given. 
All additional details are given in 5 appendixes. 

2.1. Situation
The Krško Nuclear Power Plant (NPP) is located in the south-eastern part of Slovenia near the border 
with Croatia.  It was constructed as a joint venture between Slovenia and Croatia in the period of 
1974-1981. The electricity generated by the NPP is shared equally between the two countries.  Final 
shutdown of the power plant is foreseen to be 2023.  A debate on the possible extension of the 
operating license of the Krško NPP will take place in 2012. 

The Krško NPP is a Westinghouse two-loop pressurised water reactor with the power of 676 MWe 
after the replacement of the steam generators. Spent fuel pit was re-racked enabling enough capacity 
of pool. It is estimated that until 2023, with assumed extension of fuel cycle and increased power 
output, 1,531±20 spent fuel elements will be produced with total of about 620 tones of metallic 
uranium. At the end of 2002 in the storage on location of NPP Krško there were 2,208 m3 of 
operational solid LILW. With present technology of conditioning and packaging it was foreseen that 
3,615 m3 of waste will be generated until the end of NPP life. The total amount of LILW also from 
decommissioning is estimated at 17,500 m3.

2.2. Boundary conditions 
Development of a finite number of rational scenarios (strategies) integrating decommissioning and 
waste management for NPP Krško requires setting up some assumptions – boundary conditions on the 
processes and their time limitations. Advisory Board of the project set among others also the following 
boundary conditions: 

� NPP Krško will work until 2023; 

� Only variations of the SID strategy introduced by the NIS study are evaluated, in particular 
SID-15 and original version of SID-961, while SID-30 is examined in sensitivity analysis; 

� Financial results are be expressed in euros (€2002) as estimation of nominal and discounted 
costs; and cash flow of accumulation and expenditure on a time scale; 

� Construction of only one LILW repository (either in Slovenia or Croatia), near surface type 
(tunnel), operational from 2013; 

� One geological repository for spent fuel (either in Slovenia or Croatia), operational from 2030, 
but permanent export is analyzed also; 

� The Program addresses also dry storage of spent fuel; 

� Discounting is done with the inflation rate i = 1,0073 and the interest rate k = 1.0429 (with 
corresponding discounting rate d = 1.035), calculated for Slovenia. Annuity for 

1  SID-xx is short for Strategy Immediate Dismantling from NIS study, indicating that decommissioning takes place immediately after shut 
down; numerical index “xx” specifies the period in years after shut down in which all the other activities described in this Program are 
finished (waste and spent fuel management). Dismantling of power plant could be considerably shorter, depending on the scenario; i.e. 
in SID-15, -30 and -45 dismantling finished in 14 years, but in SID-96 due to the reactor vessel and main components decay storage in 
96 years.  

decommissioning fund is calculated from the total discounted expenses (in 2004), assuming 19 
equal payments into presently empty fund.  

In addition, all the expenses were taken without taxes, expenses for institutional control are not taken 
into account, all the expenses of LILW storage expansion or modification on the location of NPP 
Krško and all the related expenses (e.g. present local incentives) are operational expenses and are not 
considered in the financial streams. 

2.3. Description of technologies and calculation of nominal expenses  
For construction, operation and closure of the LILW tunnel type repository the estimate of expenses 
was mostly derived from existing feasibility studies for Slovenian project which is under way. The 
data used differentiates two periods: the first, development and construction of repository, covers 
expenses for site selection, negotiation with local community, preparation of requests and obtaining 
various licenses, construction of repository and infrastructure, disposal technology and safety 
assessments as well as incentives; the second period starting with 2014 onwards covers the expenses 
for routine operation of repository, repository closure and incentives for local community.  

Swedish model (developed by Swedish agency for waste management – SKB as KBS-3 concept) was 
adopted for the evaluation of the expenses related to development and construction of deep geological 
repository, 500 m underground in hard rock (e.g. granite). All the phases were studied including 
research, development, site selection, characterization, design, construction, operation and closure. 
Referent scenario was analyzed in two versions: beginning of repository operation in 2030 with spent 
fuel in pool or in 2050 with spent fuel in dry storage. Assuming that social and political conditions for 
agreement on the issue could be met, export of spent fuel was analyzed as an alternative option to 
disposal in the local repository in scenarios where this was technically possible.  

For the dismantling of NPP Krško the SID approach from the NIS study was used with variation of 
duration period from 15 to 96 years, depending on the time of the decay storage of the reactor vessel. 
Expenses were “decomposed” on basic activities, its revalorization was done and then they were 
“composed” in new entities (with some modifications or added activities), and distributed in time 
accordingly to achieve nominal expenses. 

2.4. Methodology for scenarios identification and selection 
Analysis was performed in several steps (Figure 1). The first step was to develop rational and feasible 
integral scenarios (strategies) of decommissioning, LILW and spent fuel management on the basis of 
detailed technical analysis and within defined boundary conditions. Each of the scenarios is a time 
sequence of interrelated and coordinated jobs on dismantling of Krško NPP, transport and storage of 
spent fuel, export or disposal of spent fuel in geological repository, and disposal of LILW in near 
surface repository. Based on technological data every scenario was attributed with time distribution of 
expenses for all main activities. 
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� Only variations of the SID strategy introduced by the NIS study are evaluated, in particular 
SID-15 and original version of SID-961, while SID-30 is examined in sensitivity analysis; 

� Financial results are be expressed in euros (€2002) as estimation of nominal and discounted 
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sequence of interrelated and coordinated jobs on dismantling of Krško NPP, transport and storage of 
spent fuel, export or disposal of spent fuel in geological repository, and disposal of LILW in near 
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Athens - Book of Contributed Papers A4.indd   237 2006-11-06   13:31:03



238

Figure 1. Methodology for scenario selection. 

In the second step financial analysis of scenarios was undertaken aiming at estimation of total 
discounted expense and related annuity (19 installments to the single fund, empty in 2004) for each of 
the scenarios. Furthermore, some of the scenarios were eliminated as being less rational then others or 
as imposing schedule inflexibility (e.g. sensitive on achieving goals on time). The third step involves 
additional analysis of the chosen scenarios aiming at their (technical or financial) improvements even 
at the price of loosening some of the boundary conditions. Based on such rationalized scenarios total 
discounted expense is determined and its corresponding annuity based on which conclusions and 
recommendations were formulated. 

2.5. The result  
As a result of this methodology scenarios labeled as SID-45 with disposal (Figure 2) and SID-45 with 
export were recommended in which dry storage (SF) of spent fuel for 45 years is introduced.  Both of 
the scenarios are structurally quite similar with almost identical lowest discounted expenses, enabling 
simple switching from one scenario to another and back for several decades from now. Furthermore, 
dry storage enables simple adjustment to changes of circumstances on time scale: simple translation of 
solutions for several years (e.g. opening of SF repository several years later than planned or changes in 
schedule of SF export) will not significantly influence financial plan.  

3. Recommendations of the program 
This revision of the Program estimated discounted total expenses of decommissioning and SF and 
LILW management based on the SF dry storage scenarios. Under the circumstances given, it is 
recommended that in the period from the beginning of 2004 until the next cost estimate in the 
following revision of the NPP Krško Decommissioning Program (DP), the basis for collecting 
financial resources into the decommissioning funds in Croatia and Slovenia should be total discounted 
cost of (discounted to the year 2002) the rounded amount of 350 million €. The corresponding amount 
of each of 19 equal yearly installments (deposited from 2004 through 2022) is 28.5 million €, 
calculated for one joint fund assumed empty at the beginning of 2004.  

Due to specific circumstances the Program from 2004 was prepared under time pressure therefore 
some important aspects of decommissioning and waste disposal were not sufficiently elaborated, some 
others were omitted from further investigation because of imposed boundary conditions and by Terms 
of reference. Next iteration of the Program should be prepared differently, especially its basis: the NIS 
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should be dropped altogether as decommissioning foundation, consequently starting anew 
decommissioning, dry storage and spent fuel transport programs using new European unified 
nomenclature of decommissioning jobs. Next iteration should respect the NPP Krško specificities as 
well as specific solutions for SF and LILW, with as little as possible generic solutions in all four 
considered segments. Some of the technical solutions could be based on Slovenian or Croatian 
industries. Next iteration should be started as soon as possible since two to three years are needed to 
finish it. 

Figure 2. SID-45 with disposal: time table of all activities and discounted costs of individual segments 
(green-LILW disposal, red-SF disposal, black- dismantling, orange- SF storage and transport). 

4. IAEA expert mission and further steps 
In 2005 ARAO and APO also joined the IAEA regional project on “Support to decommissioning of 
NPP’s” under which IAEA expert mission of the Program was performed in October 2005. The 
findings of the expert mission clearly supported the recommendations of the Program and proposed 
also some more detailed way to achieve better and more reliable cost estimation. The time available 
for preparation of the new revision was taken into account therefore a work program lasting 3 years – 
until 2009 - was proposed: 

A Preliminary Decommissioning Plan (PDP) according to the IAEA recommendations and to the best 
practices should be developed for site specific cost estimates. The highest priority is on site specific 
inventory development with database structure and pre-decommissioning characterization, on 
selection of the decontamination and decommissioning techniques for NPP Krško which will result in 
materials streams (free release, primary and secondary waste, reuse) and in investment plan with new 
costs estimations. 

The priority has to be given to decommissioning scenarios which are the less sensitive to external 
constrains (e.g.: scenarios including the export of spent fuel and/or the use of a multi-regional disposal 
site for radioactive waste should not be part of the reference scenario for the definition of a funding 
mechanism). Immediate decommissioning strategy, called SID-45 with disposal, should be worked out 
with priority. As an alternative to the reference scenario starting in 2023, a similar scenario based on 
the extension of the operational lifetime of the Krško NPP should also be studied. 
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The priority has to be given to decommissioning scenarios which are the less sensitive to external 
constrains (e.g.: scenarios including the export of spent fuel and/or the use of a multi-regional disposal 
site for radioactive waste should not be part of the reference scenario for the definition of a funding 
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Review the Program of NPP Krško Decommissioning and SF&LILW Disposal according to the 
findings of the PDP and incorporating new developments in the other modules (LILW and SF 
management).  

ARAO and APO already made further agreement on the preparation activities. Taking into account 
that the draw up of a decommissioning plan has to be repeated several times before the final shutdown 
of the Krško NPP, it was decided that involvement of local experts together with specialists and NPP 
Krško staff will be supported by special training. This will assure capacity building for the long-term 
period in Slovenia and Croatia. 
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French Atomic Energy Commission: decommissioning feedback experience and lessons 
learned 

J. Nokhamzon 

CEA, 
France 

Abstract. Since the French Atomic Energy Commission (CEA) was founded in 1945 to carry out 
research programmes on civil use of nuclear, and practical applications, France has set up and run various types 
of installations: research or prototypes reactors, process study or examination laboratories, pilot installations, 
accelerators, nuclear power plants and processing facilities. There are currently more than 20 facilities which are 
presently closed down pending dismantling or in the process of being dismantled by CEA When operating, all 
these installations worked with nuclear materials and generate radioactive waste. When they are shutdown, either 
at the conclusion of the programmes for which they were set up, or due to equipment wearing out, or 
obsolescence, these installations must be cleaned and dismantled, taking into account their nuclear nature and 
safety and environment requirements. During the decommissioning process, the implementer has to deal with 
safety and site rehabilitation issues. Dealing with these installations is a long-term programme which must be 
carefully planned and financed in order to optimise its management. The paper will describe the French CEA 
decommissioning policy and strategies adopted, showing that : 

Safety is guaranteed;  

� Dismantling is a technically controllable operation, the only R and D actions to be developed are those 
dealing with specific problems of a project. Moreover all the methods and techniques improve as a result of 
feedback experience; 

� The amount of material and waste produced by the dismantling are manageable. The very low, low and 
intermediate level waste can be stored on existing shallow land burial centres, and some new repositories 
have to be created for specific waste (graphite, radium).Interim storage is available for high level waste; 

� The dismantling costs are acceptable if a good strategy based on rational industrial choices is followed; 

� Communication and transparency with stakeholders is essential for overall process acceptance; 

� Lessons are learned and feedback experience can benefit future decommissioning projects.  

1. The past 
CEA’s experience of the decommissioning of nuclear facilities goes back many decades and relates to 
many installations of very different types. The first significant operations began in the late fifties, 
sixties and seventies, and included, for instance, the first plutonium plant at Fontenay-aux-Roses (total 
decommissioning Figure 1) and a number of small research reactors and critical mock-ups such as 
Cesar and Peggy at Cadarache, and Minerve at Fontenay-aux-Roses (with civil engineering structures 
cleaned up but not demolished). 

Figure 1 First reprocessing facility Fontenay aux Roses in 1958 
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Review the Program of NPP Krško Decommissioning and SF&LILW Disposal according to the 
findings of the PDP and incorporating new developments in the other modules (LILW and SF 
management).  

ARAO and APO already made further agreement on the preparation activities. Taking into account 
that the draw up of a decommissioning plan has to be repeated several times before the final shutdown 
of the Krško NPP, it was decided that involvement of local experts together with specialists and NPP 
Krško staff will be supported by special training. This will assure capacity building for the long-term 
period in Slovenia and Croatia. 
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Cesar and Peggy at Cadarache, and Minerve at Fontenay-aux-Roses (with civil engineering structures 
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Figure 2 AT1 pilot plant reprocessing facility La Hague in 1985

Some twenty facilities were dealt with by 2000, equalling around half of all the nuclear facilities 
permanently closed up to date. The decommissioning of AT1 (Figure 2) facility at La Hague, the pilot 
plant used by the CEA in the seventies for the reprocessing of spent fuel from fast neutron reactors 
(International Atomic Energy Agency stage 3, excluding the civil engineering structures), began in 
March 2001. The blasting of G1 stack at Marcoule took place on 19 July 2003 (Figure 3). The total 
demolition of the research reactors Triton and Néréide at Fontenay aux Roses in 2004 is shown in Fig 
4. Siloë, Siloette and Mélusine at Grenoble Research Centre (Figure 5) were also totally 
decommissioned. It is to be noted that, proportionally, more of the reactors permanently closed have 
been demolished than laboratories or other plants, which is probably a sign of the associated 
dismantling difficulties.

Figure 3 G1’s reactor stack fall  Figure 4 Triton research pool reactor final 
2003, Marcoule     demolition in 2004 

Figure 5. Melusine    Siloe    Siloette 

Pool Research reactors 

During the nineties, decommissioning was scaled back and few of the operations in progress were 
completed. This essentially resulted from the changes in the regulations with the 1990 order 
supplementing the decree of 1963, which increased the administrative complexity and hence the 
duration of the operations. Furthermore, the end of the decade saw consideration being given to further 

changing the regulations which, though necessary, resulted in classifying certain operations as pilot 
ones, particularly the decommissioning of reactor EL4 at Brennilis. Secondly, the slowdown derived 
from financial difficulties, as the CEA had not yet set aside sufficient funds to cover the work, even 
though, between 1993 and 1999, part of the necessary resources had been provided under an 
agreement with the industrial partners EDF and Cogema.  

2. The current situation 
At the present time, the situation is rapidly improving both regarding organisational and financial 
issues for the CEA and regarding the regulations and the management of waste for all organisations 
involved. 

First of all, the efforts made by the CEA in the field of organisation and planning since the beginning 
of the nineties have led to the drawing up of an overall multi-year programme referred to as the “CEA 
civil centre radioactive clean-up plan” and the appointment of the Legacy and Clean-up Department as 
the client and being in charge of the plan execution. This programme relates not only to 
decommissioning of the nuclear facilities that have been permanently closed, but also to various 
associated aspects such as clean-up of the environment, management of the radioactive waste, spent 
fuel, unused sources and the disused nuclear materials and the effects of these activities (installations 
and transport). The programme’s time span is 30 years for decommissioning and 10 years for other 
issues. For conducting site work, the Legacy and Clean-up Department, acting as the client (the 
owner), is assisted by a representative of the Centres (owner’s delegate). 

Subsequently, a dedicated fund was set aside by the CEA in late 2001 to cover the operations for 
which no provision had yet been made, notably the decommissioning of the existing facilities, whether 
already closed or still operating. This dedicated fund was created from CEA’s assets in AREVA 
company, and is being managed by the CEA Financial Directorate with the support of a financial 
adviser and supervised by an oversight committee in which the tutelary authorities of the CEA are 
represented. The committee monitors the overall management of the fund, the progress of the 
programme, the use of resources and the adequacy of the expenditure, as well as progress of the 
operations. One major advantage of the dedicated fund, in addition to providing the necessary 
resources, is that, to a certain extent, it relieves the parties involved from the contingencies of annual 
CEA budgeting. For site work expected to last between 7 and 15 years, if not more, this is extremely 
helpful. 

Also, after prior discussions with the organisations involved, the General Directorate for Nuclear 
Safety and Radiation Protection, the safety authority, published in 2003 a new order on 
decommissioning, with a view to achieving greater efficiency, particularly by standardizing the 
application of the regulations and allowing for the diversity of the nuclear facilities. 

Finally, the handover of decommissioning rubble and scrap material to the French Agency in charge of 
nuclear waste management (ANDRA) and its transport to a disposal centre for very low level waste 
began in August 2003. This disposal facility is intended for the large amounts of very low level 
decommissioning waste, that is necessary for the work to proceed. 

3. The CEA’s choices 
Under these new conditions, the CEA has adopted a more dynamic and ambitious approach to 
decommissioning. By 2010, it is planned to reach a peak of some thirty worksites, to finish around 
fifteen of them and to deal with most of the facilities permanently closed since 2000. 

The programme drawn up by the CEA features prioritisation of safety, resources, techniques and 
strategic aspects. 

One fundamental strategic aspect taken into consideration was the guidelines laid down by the CEA in 
2001 concerning the future of the research centres: concentration of the nuclear research facilities at 
Cadarache and Marcoule, maintaining the Osiris and Orphée reactors and the LECI hot laboratory at 
Saclay, confirmed denuclearisation of the Fontenay-aux-Roses site by 2012, and substantial 
denuclearisation of the Grenoble site by 2015. The last nuclear research installation at Fontenay-aux-
Roses, the Transuranics and Plutonium Chemistry Laboratory, was closed in 1995, and the last 
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Figure 2 AT1 pilot plant reprocessing facility La Hague in 1985

Some twenty facilities were dealt with by 2000, equalling around half of all the nuclear facilities 
permanently closed up to date. The decommissioning of AT1 (Figure 2) facility at La Hague, the pilot 
plant used by the CEA in the seventies for the reprocessing of spent fuel from fast neutron reactors 
(International Atomic Energy Agency stage 3, excluding the civil engineering structures), began in 
March 2001. The blasting of G1 stack at Marcoule took place on 19 July 2003 (Figure 3). The total 
demolition of the research reactors Triton and Néréide at Fontenay aux Roses in 2004 is shown in Fig 
4. Siloë, Siloette and Mélusine at Grenoble Research Centre (Figure 5) were also totally 
decommissioned. It is to be noted that, proportionally, more of the reactors permanently closed have 
been demolished than laboratories or other plants, which is probably a sign of the associated 
dismantling difficulties.
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During the nineties, decommissioning was scaled back and few of the operations in progress were 
completed. This essentially resulted from the changes in the regulations with the 1990 order 
supplementing the decree of 1963, which increased the administrative complexity and hence the 
duration of the operations. Furthermore, the end of the decade saw consideration being given to further 

changing the regulations which, though necessary, resulted in classifying certain operations as pilot 
ones, particularly the decommissioning of reactor EL4 at Brennilis. Secondly, the slowdown derived 
from financial difficulties, as the CEA had not yet set aside sufficient funds to cover the work, even 
though, between 1993 and 1999, part of the necessary resources had been provided under an 
agreement with the industrial partners EDF and Cogema.  

2. The current situation 
At the present time, the situation is rapidly improving both regarding organisational and financial 
issues for the CEA and regarding the regulations and the management of waste for all organisations 
involved. 

First of all, the efforts made by the CEA in the field of organisation and planning since the beginning 
of the nineties have led to the drawing up of an overall multi-year programme referred to as the “CEA 
civil centre radioactive clean-up plan” and the appointment of the Legacy and Clean-up Department as 
the client and being in charge of the plan execution. This programme relates not only to 
decommissioning of the nuclear facilities that have been permanently closed, but also to various 
associated aspects such as clean-up of the environment, management of the radioactive waste, spent 
fuel, unused sources and the disused nuclear materials and the effects of these activities (installations 
and transport). The programme’s time span is 30 years for decommissioning and 10 years for other 
issues. For conducting site work, the Legacy and Clean-up Department, acting as the client (the 
owner), is assisted by a representative of the Centres (owner’s delegate). 

Subsequently, a dedicated fund was set aside by the CEA in late 2001 to cover the operations for 
which no provision had yet been made, notably the decommissioning of the existing facilities, whether 
already closed or still operating. This dedicated fund was created from CEA’s assets in AREVA 
company, and is being managed by the CEA Financial Directorate with the support of a financial 
adviser and supervised by an oversight committee in which the tutelary authorities of the CEA are 
represented. The committee monitors the overall management of the fund, the progress of the 
programme, the use of resources and the adequacy of the expenditure, as well as progress of the 
operations. One major advantage of the dedicated fund, in addition to providing the necessary 
resources, is that, to a certain extent, it relieves the parties involved from the contingencies of annual 
CEA budgeting. For site work expected to last between 7 and 15 years, if not more, this is extremely 
helpful. 

Also, after prior discussions with the organisations involved, the General Directorate for Nuclear 
Safety and Radiation Protection, the safety authority, published in 2003 a new order on 
decommissioning, with a view to achieving greater efficiency, particularly by standardizing the 
application of the regulations and allowing for the diversity of the nuclear facilities. 

Finally, the handover of decommissioning rubble and scrap material to the French Agency in charge of 
nuclear waste management (ANDRA) and its transport to a disposal centre for very low level waste 
began in August 2003. This disposal facility is intended for the large amounts of very low level 
decommissioning waste, that is necessary for the work to proceed. 

3. The CEA’s choices 
Under these new conditions, the CEA has adopted a more dynamic and ambitious approach to 
decommissioning. By 2010, it is planned to reach a peak of some thirty worksites, to finish around 
fifteen of them and to deal with most of the facilities permanently closed since 2000. 

The programme drawn up by the CEA features prioritisation of safety, resources, techniques and 
strategic aspects. 

One fundamental strategic aspect taken into consideration was the guidelines laid down by the CEA in 
2001 concerning the future of the research centres: concentration of the nuclear research facilities at 
Cadarache and Marcoule, maintaining the Osiris and Orphée reactors and the LECI hot laboratory at 
Saclay, confirmed denuclearisation of the Fontenay-aux-Roses site by 2012, and substantial 
denuclearisation of the Grenoble site by 2015. The last nuclear research installation at Fontenay-aux-
Roses, the Transuranics and Plutonium Chemistry Laboratory, was closed in 1995, and the last 
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research facility at Grenoble, the LAMA hot laboratory, ended its research activities in late 2002. At 
these two sites, the only service facilities retained are those required for radioactive clean-up of the 
land and dismantling of the installations. 

The experience acquired, particularly with the UP1 facility at Marcoule and EL 4 reactor at Brennilis, 
indicates that the managing of decommissioning by a multi-client team can be problematic. The 
inevitable discussions result in redundancy at client level, and frequently also in worksite delays and 
hence extra costs. For this reason, EDF, Cogema and CEA have decided in 2004 and 2005 to swap 
facilities, to balance the risks, current common decommissioning projects such as EL4 in Britanny and 
Phénix at Marcoule (between EDF and CEA), UP1 at Marcoule and UP2-400 at La Hague, 
reprocessing facilities (between Cogema and CEA). 

Considerations relating to nuclear safety and protection of workers and the environment, as well as 
compliance with the regulations are, essential requirements for the CEA. The main result is that 
priority is given to dealing with installations having highest source terms and/or being the most costly 
to keep under surveillance, seeking to rapidly reduce the source term after closure of facilities (the 
radioactive clean-up phase) and minimising the amounts of waste and effluents produced. It should be 
noted that these last two points are, furthermore, consistent with good management of the current staff 
of the facilities, who are needed for upkeep of the installation after closure, as long as the potential 
risks have not been reduced, and who can be of great value when conducting radioactive clean-up due 
to their knowledge of the facility. But it is not desirable, because it would be a misuse of skills, to keep 
such staff in the facility too long. The way in which the work on the ALS (Saclay linear accelerator) 
and the LNS (Saturne national laboratory) worksites was organised at Saclay has been exemplary in 
this regard. 

Unsurprisingly, many of these issues correspond directly to good economic management (the strategy 
for the nuclear facilities, project organisational structure, division of worksites between partners, the 
management of staff, radioactive clean-up as soon as possible after closure and the management of 
waste). It must be emphasized that the desire to carry out decommissioning and clean-up operations as 
soon as possible after permanent closure of a facility requires adequate foresight before closure and 
proper technical and commercial advance planning of the operations. This is the reason, for instance, 
why the CEA began in 2000 an in-depth study of the decommissioning of the Phénix fast breeder 
sodium cooled reactor at Marcoule. There are, of course, limits, even if they are not precisely known, 
to the annual commitment of resources, first at the stage of the client and the CEA’s commercial and 
financial networks, and second probably also as far as the availability of competent engineering firms 
and general contractors are concerned. This second bottleneck will soon become more apparent with 
the implementation of the plan for the decommissioning of many facilities. And this is the reason why 
the CEA is actively participating, via the French National Institute for Nuclear Science and 
Technology (INSTN) and agreements with national and international universities, in theoretical and 
practical training in decommissioning and associated topics. The limitations may lead the CEA to 
defer work on low-risk facilities and later phases of decommissioning (demolition). 

Finally, the unavailability of processes, disposal routes or tiers for managing waste and special 
techniques for decommissioning and clean-up have forced some operations to be postponed. For 
instance, the CEA will not be able to resume decommissioning of its graphite-moderated reactors 
before the French national radioactive waste disposal ANDRA can provide a solution for graphite 
waste. 

4. The CEA multi-year plan for the decommissioning of civil facilities 
This plan covers all CEA’s civil nuclear facilities already permanently closed or still operating, 
designated Installation Classified for Protection of the Environment for radioactivity reasons, Licensed 
Nuclear Facilities and Secret Licensed Nuclear Facilities. Concerning operating delay and costs, the 
basis is a study made by SGN in around 1994, and an updated study in the light of cost re-assessments 
and experience feedback is scheduled for 2007. The main stages of the operations and the cost 
breakdown are determined year by year up to 2030. Cost is globalized thereafter. A timeframe of this 
type is necessary to establish CEA’s commitments, the management of the dedicated funds and the 
arrangements that are now required concerning the facilities and waste management. 

The plan is more accurately established in the general context of the ten-year plan of the CEA and the 
Nuclear Energy Division, and the provisions for this period are indicated below. 

Between 2001 and 2010, the plan provides for the completion of the clean-up and decommissioning of 
some fifteen facilities, the goal generally being former IAEA Stage 3 decommissioning (full 
dismantling), excluding demolition of the civil engineering structures: 

� At Fontenay-aux-Roses site: the RM2 laboratories (radio-metallurgical fuel examination hot 
cells, Licensed Nuclear Facility 59) and Building 18 (radio-chemical research laboratory on fuel 
reprocessing, Licensed Nuclear Facility 57) and the Installation Classified for Environmental 
Protection Triton, 

� At Saclay site: the Saturne laboratory (accelerator, Licensed Nuclear Facility 48), the ALS 
accelerator (Licensed Nuclear Facility 43), the Installation Classified for Environmental 
Protection Aster and the Enrichment Installation Classified for Environmental Protection; 

� At Grenoble site: the pool reactors Mélusine (Licensed Nuclear Facility 19), Siloe (Licensed 
Nuclear Facility 20) and Siloette (Licensed Nuclear Facility 21) and Installation Classified for 
Environmental Protection B055 consisting of Building D2; 

� At the Pierrelatte site: the Enrichment Installation Classified for Environmental Protection; 

� At Marcoule site: the G1 reactor stack (felled on 19 July 2003), at Cadarache site: the Cryogenic 
Treatment workshop (Licensed Nuclear Facility 54), the ATUE workshop (Licensed Nuclear 
Facility 52) and the Harmonie pile (Licensed Nuclear Facility 41); 

� At La Hague site: the AT1 FBR’s reprocessing workshop (part of Licensed Nuclear Facility 38) 
was completed early 2001. 

The dates of closure of these facilities range from 1979 (FBR’s reprocessing workshop AT1) to 2002 
(Siloette). In early 2003, work at more than half the sites had passed the stage of radioactive clean-up. 

In the same decade, clean-up and decommissioning operations are to be continued or started in an 
equivalent number of facilities: 

� At Fontenay-aux-Roses site: the waste and effluent treatment stations (Licensed Nuclear 
Facilities 34 and 73); 

� At Saclay site: the LHA hot laboratory (Licensed Nuclear Facility 49), the Ulysse reactor 
(Licensed Nuclear Facility 18) and the Célimène cell (Licensed Nuclear Facility 50) (under 
surveillance); 

� At Grenoble site: the LAMA hot laboratory (Licensed Nuclear Facility 61) and the STED waste 
and effluent treatment station (Licensed Nuclear Facilities 36 and 79); 

� A Marcoule site: Secret Licensed Nuclear Facility APM pilot reprocessing facility for fast 
breeder reactor spent fuel, the Phénix reactor (Licensed Nuclear Facility 71), and the first gas 
graphite fuel reprocessing facility UP1; 

� A Cadarache site: the CFCA fabrication workshop (Licensed Nuclear Facility 32), in 
collaboration with Cogema, and the Rapsodie reactor (Licensed Nuclear Facility 25); 

� A La Hague site: the ELANIIB workshop (Licensed Nuclear Facility 47). 

Successful progress with the radioactive clean-up and decommissioning operations requires not only 
direct removal of the effluents and radioactive products, but also of the different radioactive materials, 
effluents and waste (fuels, sources and nuclear materials) still contained within the facilities at the time 
of closure. All the means of managing waste (service installations, transport casks and repositories) 
necessary for operation of nuclear research facilities will therefore be required and must be 
operational. The capacity of the system will need to be increased for certain categories of waste (Cedra 
project for medium and intermediate level long lived waste) and supplemented with certain special 
facilities, such as facilities for the treatment of waste containing sodium, and the installation that will 
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research facility at Grenoble, the LAMA hot laboratory, ended its research activities in late 2002. At 
these two sites, the only service facilities retained are those required for radioactive clean-up of the 
land and dismantling of the installations. 

The experience acquired, particularly with the UP1 facility at Marcoule and EL 4 reactor at Brennilis, 
indicates that the managing of decommissioning by a multi-client team can be problematic. The 
inevitable discussions result in redundancy at client level, and frequently also in worksite delays and 
hence extra costs. For this reason, EDF, Cogema and CEA have decided in 2004 and 2005 to swap 
facilities, to balance the risks, current common decommissioning projects such as EL4 in Britanny and 
Phénix at Marcoule (between EDF and CEA), UP1 at Marcoule and UP2-400 at La Hague, 
reprocessing facilities (between Cogema and CEA). 

Considerations relating to nuclear safety and protection of workers and the environment, as well as 
compliance with the regulations are, essential requirements for the CEA. The main result is that 
priority is given to dealing with installations having highest source terms and/or being the most costly 
to keep under surveillance, seeking to rapidly reduce the source term after closure of facilities (the 
radioactive clean-up phase) and minimising the amounts of waste and effluents produced. It should be 
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of the facilities, who are needed for upkeep of the installation after closure, as long as the potential 
risks have not been reduced, and who can be of great value when conducting radioactive clean-up due 
to their knowledge of the facility. But it is not desirable, because it would be a misuse of skills, to keep 
such staff in the facility too long. The way in which the work on the ALS (Saclay linear accelerator) 
and the LNS (Saturne national laboratory) worksites was organised at Saclay has been exemplary in 
this regard. 

Unsurprisingly, many of these issues correspond directly to good economic management (the strategy 
for the nuclear facilities, project organisational structure, division of worksites between partners, the 
management of staff, radioactive clean-up as soon as possible after closure and the management of 
waste). It must be emphasized that the desire to carry out decommissioning and clean-up operations as 
soon as possible after permanent closure of a facility requires adequate foresight before closure and 
proper technical and commercial advance planning of the operations. This is the reason, for instance, 
why the CEA began in 2000 an in-depth study of the decommissioning of the Phénix fast breeder 
sodium cooled reactor at Marcoule. There are, of course, limits, even if they are not precisely known, 
to the annual commitment of resources, first at the stage of the client and the CEA’s commercial and 
financial networks, and second probably also as far as the availability of competent engineering firms 
and general contractors are concerned. This second bottleneck will soon become more apparent with 
the implementation of the plan for the decommissioning of many facilities. And this is the reason why 
the CEA is actively participating, via the French National Institute for Nuclear Science and 
Technology (INSTN) and agreements with national and international universities, in theoretical and 
practical training in decommissioning and associated topics. The limitations may lead the CEA to 
defer work on low-risk facilities and later phases of decommissioning (demolition). 

Finally, the unavailability of processes, disposal routes or tiers for managing waste and special 
techniques for decommissioning and clean-up have forced some operations to be postponed. For 
instance, the CEA will not be able to resume decommissioning of its graphite-moderated reactors 
before the French national radioactive waste disposal ANDRA can provide a solution for graphite 
waste. 

4. The CEA multi-year plan for the decommissioning of civil facilities 
This plan covers all CEA’s civil nuclear facilities already permanently closed or still operating, 
designated Installation Classified for Protection of the Environment for radioactivity reasons, Licensed 
Nuclear Facilities and Secret Licensed Nuclear Facilities. Concerning operating delay and costs, the 
basis is a study made by SGN in around 1994, and an updated study in the light of cost re-assessments 
and experience feedback is scheduled for 2007. The main stages of the operations and the cost 
breakdown are determined year by year up to 2030. Cost is globalized thereafter. A timeframe of this 
type is necessary to establish CEA’s commitments, the management of the dedicated funds and the 
arrangements that are now required concerning the facilities and waste management. 

The plan is more accurately established in the general context of the ten-year plan of the CEA and the 
Nuclear Energy Division, and the provisions for this period are indicated below. 

Between 2001 and 2010, the plan provides for the completion of the clean-up and decommissioning of 
some fifteen facilities, the goal generally being former IAEA Stage 3 decommissioning (full 
dismantling), excluding demolition of the civil engineering structures: 

� At Fontenay-aux-Roses site: the RM2 laboratories (radio-metallurgical fuel examination hot 
cells, Licensed Nuclear Facility 59) and Building 18 (radio-chemical research laboratory on fuel 
reprocessing, Licensed Nuclear Facility 57) and the Installation Classified for Environmental 
Protection Triton, 

� At Saclay site: the Saturne laboratory (accelerator, Licensed Nuclear Facility 48), the ALS 
accelerator (Licensed Nuclear Facility 43), the Installation Classified for Environmental 
Protection Aster and the Enrichment Installation Classified for Environmental Protection; 

� At Grenoble site: the pool reactors Mélusine (Licensed Nuclear Facility 19), Siloe (Licensed 
Nuclear Facility 20) and Siloette (Licensed Nuclear Facility 21) and Installation Classified for 
Environmental Protection B055 consisting of Building D2; 

� At the Pierrelatte site: the Enrichment Installation Classified for Environmental Protection; 

� At Marcoule site: the G1 reactor stack (felled on 19 July 2003), at Cadarache site: the Cryogenic 
Treatment workshop (Licensed Nuclear Facility 54), the ATUE workshop (Licensed Nuclear 
Facility 52) and the Harmonie pile (Licensed Nuclear Facility 41); 

� At La Hague site: the AT1 FBR’s reprocessing workshop (part of Licensed Nuclear Facility 38) 
was completed early 2001. 

The dates of closure of these facilities range from 1979 (FBR’s reprocessing workshop AT1) to 2002 
(Siloette). In early 2003, work at more than half the sites had passed the stage of radioactive clean-up. 

In the same decade, clean-up and decommissioning operations are to be continued or started in an 
equivalent number of facilities: 

� At Fontenay-aux-Roses site: the waste and effluent treatment stations (Licensed Nuclear 
Facilities 34 and 73); 

� At Saclay site: the LHA hot laboratory (Licensed Nuclear Facility 49), the Ulysse reactor 
(Licensed Nuclear Facility 18) and the Célimène cell (Licensed Nuclear Facility 50) (under 
surveillance); 

� At Grenoble site: the LAMA hot laboratory (Licensed Nuclear Facility 61) and the STED waste 
and effluent treatment station (Licensed Nuclear Facilities 36 and 79); 

� A Marcoule site: Secret Licensed Nuclear Facility APM pilot reprocessing facility for fast 
breeder reactor spent fuel, the Phénix reactor (Licensed Nuclear Facility 71), and the first gas 
graphite fuel reprocessing facility UP1; 

� A Cadarache site: the CFCA fabrication workshop (Licensed Nuclear Facility 32), in 
collaboration with Cogema, and the Rapsodie reactor (Licensed Nuclear Facility 25); 

� A La Hague site: the ELANIIB workshop (Licensed Nuclear Facility 47). 

Successful progress with the radioactive clean-up and decommissioning operations requires not only 
direct removal of the effluents and radioactive products, but also of the different radioactive materials, 
effluents and waste (fuels, sources and nuclear materials) still contained within the facilities at the time 
of closure. All the means of managing waste (service installations, transport casks and repositories) 
necessary for operation of nuclear research facilities will therefore be required and must be 
operational. The capacity of the system will need to be increased for certain categories of waste (Cedra 
project for medium and intermediate level long lived waste) and supplemented with certain special 
facilities, such as facilities for the treatment of waste containing sodium, and the installation that will 
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be necessary for packaging graphite waste. The timing of these projects needs to be coordinated with 
that of the decommissioning plan. 

5. The lessons learned 
One of the main lessons learned and feedback experience is that early dismantling, after closure, is the 
best solution. This could be simplistic but is not so obvious. 

A waiting period allows the implementers benefit from natural radioactive decrease of short lived 
elements, and then doses delivered to the personnel should be lower. Techniques, generally improve 
during time and are less costly. To day, after more than 20 years of dismantling and decommissioning 
work, it is now generally admitted that prompt decommissioning could gain benefit from: 

� The operator’s experience, (memory is not lost), 

� Surveillance and refurbishment costs should decrease,and the stakeholders, particularly the 
public could be more confident and less scared; and 

� The stakeholders, particularly the public could be more confident and less scared. 

Techniques and decommissioning project organization and management have evolved, personnel has 
the highest radiological and non radiological protection, security and safety conditions have brought 
some change to the situation during the period. 

Furthermore, decommissioning lasted, especially for huge and complex projects, several decades, 
which got benefit from the natural decrease of radioactivity. 

Other feedback experience has been gained on: 

� Decommissioning: 

� For successful work several conditions should be fulfilled such as: 

� knowledge of the facility’s radiological mapping, 

� work and task organization, 

� techniques should meet ALARA principles (as low as reasonably achievable) and 
minimize waste generation, 

� Operation:

Feedback experience shows that it is absolutely/necessary to clean up periodically all along his 
lifetime the facility, especially when spot contamination occurs during operation. 

For the purposes of having easier and more effective decommissioning in the future, it is necessary to 
incorporate into the design and construction of new facilities, the experience gained from 
decommissioning projects, along the following lines: 

� At the design stage: 

Design should take into account systematically decommissioning constraints: easy access, remote 
handling, lifting resources, non porous material (to avoid contamination trapping), viewing (by using 
cameras or lead shielding windows), and avoid blind cells without access. 

� For future decommissioning operation: 

Education and training are essential, decommissioning is a profession and implementers, staff and 
workers, are to be experienced for the next challenge, the decommissioning of the light water nuclear 
power plants at an industrial scale by the year 2015. At this time skilled personnel would be more 
important than today. For this reason, in France, a dedicated National Decommissioning School was 
set up on EDF, AREVA, ANDRA and CEA initiative. 

6. The issues at stake and conclusion 
The CEA has firmly committed itself to a major plan for radioactive clean-up of its research centres, 
notably including the clean-up and decommissioning of its permanently-closed nuclear facilities. 
Thus, the CEA will not only be participating actively in fostering the credibility of nuclear energy, 
with a view to its durable development, but also in ensuring that it will be possible, to pursue research 
and development. 

The importance of these issues makes it necessary to overcome both the internal difficulties 
(resources, procedures, and conflicts of priorities between programmes and research and development 
investments) and the external difficulties (waste repositories, industrial resources etc.). 

All the work done demonstrates that: 

� Decommissioning can and has been done in a safe, cost-effective and environmentally friendly 
manner;  

� Current technologies have demonstrated their effectiveness and robust performance in 
numerous decommissioning activities;  

� Feedback experience on design, construction and operation is a considerable help for reliable 
planning, cost evaluation and successful realization of a decommissioning project; 

� The dissemination of best practices and sharing of information in international workshops, 
conferences and especially within working groups such as the OECD/NEA/CPD has proven to 
be a good basis for effective cooperation and support to master new decommissioning 
challenges; 
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power plants at an industrial scale by the year 2015. At this time skilled personnel would be more 
important than today. For this reason, in France, a dedicated National Decommissioning School was 
set up on EDF, AREVA, ANDRA and CEA initiative. 

6. The issues at stake and conclusion 
The CEA has firmly committed itself to a major plan for radioactive clean-up of its research centres, 
notably including the clean-up and decommissioning of its permanently-closed nuclear facilities. 
Thus, the CEA will not only be participating actively in fostering the credibility of nuclear energy, 
with a view to its durable development, but also in ensuring that it will be possible, to pursue research 
and development. 

The importance of these issues makes it necessary to overcome both the internal difficulties 
(resources, procedures, and conflicts of priorities between programmes and research and development 
investments) and the external difficulties (waste repositories, industrial resources etc.). 

All the work done demonstrates that: 

� Decommissioning can and has been done in a safe, cost-effective and environmentally friendly 
manner;  

� Current technologies have demonstrated their effectiveness and robust performance in 
numerous decommissioning activities;  

� Feedback experience on design, construction and operation is a considerable help for reliable 
planning, cost evaluation and successful realization of a decommissioning project; 

� The dissemination of best practices and sharing of information in international workshops, 
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� Future challenges will require further international cooperation to establish sustainable 
regulations and guidance to achieve objectives without being burdensome or overly 
conservative;  

� A consistent, internationally accepted rationale is necessary for the elaboration of concepts and 
for the derivation of numerical values on clearance, exemption and authorized releases;  

� With decommissioning moving towards being a fully mature industrial process, increased 
dialogue among regulators, implementers and international standards organisations is necessary. 

During decommissioning radiological risks are very small in comparison to non-radiological risks. 

IAEA-CN-143/67 

Lessons learnt from application of the standardized cost calculation code OMEGA in 
decision making processes and planning in decommissioning 

V. Daniska, O. Schultz, M. Vasko, P. Bezak, F. Ondra, J. Pritrsky, K. Kristofova, 
J. Timulak, P. Tatransky 
DECOM,
Trnava,
Slovak Republic 

Abstract. Implementation of the standardised cost structure, as defined in “A Proposed Standardised 
List of Costs Items for Decommissioning Purposes” (OECD/NEA, IAEA, EC, 1999), into the decommissioning 
costing, supports the harmonisation of decommissioning costs. The decision making processes in 
decommissioning planning can be more effective if there is the possibility to compare the calculated data with 
the data of other projects, structured in standardised cost structure. The results of the decision making process 
should be based on evaluation of such a set of decommissioning options which covers the methods of 
decommissioning, the selected strategy and existing or planned decommissioning infrastructure. Aspects such as 
impact of time, waste management scenarios, uncertainties of input data and other aspects should be also 
evaluated. These issues of decision making process were implemented into the decommissioning costing code 
OMEGA. All activities of a decommissioning project are involved within single compact standardised 
calculation structure including waste management. The resulting costs have standardised format and no 
additional data conversion is needed. The calculation process is nuclide resolved and internally linked in such a 
way that it models the material and radioactivity flow in the decommissioning process. The effect of decay of 
radioactivity is considered. The options are optimised in the standard MS-Project software as Gantt charts. The 
bi-directional data link between the standardised calculation structure and the Gantt chart supports the on-line 
optimisation of the Gantt chart structure. Multi-option work is applied, i.e. decommissioning options, which 
cover all decommissioning scenarios to be considered, are evaluated individually and multi-attribute analysis is 
applied for selecting the optimal one. Methods of sensitivity analysis and evaluation of uncertainties of 
calculated costs were developed for support the decision making process and for definition of contingencies. 

1. Introduction 
The standardised decommissioning cost structure [1] was developed in order to facilitate the 
comparison of decommissioning costs for various decommissioning projects. The costs can be in 
principle calculated in cost structures specific for each country or for the decommissioning project or 
can be calculated directly in the standardised cost structure as defined in [1]. Both methods are 
possible, but the first one requires an additional conversion of the calculated costs into the 
standardised structure. This step can be the source of additional uncertainties. Besides, using different 
cost structures for calculation hampers the harmonisation of calculation methods, the structure of 
calculated data and other aspects of harmonisation. Using the standardised cost structure directly at the 
calculation level supports the harmonisation of calculation and comparison of costs and other 
decommissioning parameter like exposure, manpower, wastes, etc.  

Experience in comparing the decommissioning costs presented in various cost structures, e.g. in [2] 
shows that serious problems can be encountered. The decision making processes in decommissioning 
planning can be more effective when there is the possibility to compare or to benchmark the partial 
decommissioning costs, structured in standardised structure, with the data from other already 
completed projects. The requirements for implementing the standardised costs structure into 
decommissioning costing become more and more imperative. 

The decision making process for the given decommissioning project should take into consideration all 
possible ways of decommissioning relevant for the selected decommissioning strategy and for the 
decommissioning infrastructure, either existing or planned. The waste management costs can be 
evaluated in principle in two ways – estimate the amounts of waste a priori and to calculate relevant 
costs, or simulate the material flow in decommissioning including the calculation of actual amounts of 
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� Future challenges will require further international cooperation to establish sustainable 
regulations and guidance to achieve objectives without being burdensome or overly 
conservative;  

� A consistent, internationally accepted rationale is necessary for the elaboration of concepts and 
for the derivation of numerical values on clearance, exemption and authorized releases;  

� With decommissioning moving towards being a fully mature industrial process, increased 
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impact of time, waste management scenarios, uncertainties of input data and other aspects should be also 
evaluated. These issues of decision making process were implemented into the decommissioning costing code 
OMEGA. All activities of a decommissioning project are involved within single compact standardised 
calculation structure including waste management. The resulting costs have standardised format and no 
additional data conversion is needed. The calculation process is nuclide resolved and internally linked in such a 
way that it models the material and radioactivity flow in the decommissioning process. The effect of decay of 
radioactivity is considered. The options are optimised in the standard MS-Project software as Gantt charts. The 
bi-directional data link between the standardised calculation structure and the Gantt chart supports the on-line 
optimisation of the Gantt chart structure. Multi-option work is applied, i.e. decommissioning options, which 
cover all decommissioning scenarios to be considered, are evaluated individually and multi-attribute analysis is 
applied for selecting the optimal one. Methods of sensitivity analysis and evaluation of uncertainties of 
calculated costs were developed for support the decision making process and for definition of contingencies. 

1. Introduction 
The standardised decommissioning cost structure [1] was developed in order to facilitate the 
comparison of decommissioning costs for various decommissioning projects. The costs can be in 
principle calculated in cost structures specific for each country or for the decommissioning project or 
can be calculated directly in the standardised cost structure as defined in [1]. Both methods are 
possible, but the first one requires an additional conversion of the calculated costs into the 
standardised structure. This step can be the source of additional uncertainties. Besides, using different 
cost structures for calculation hampers the harmonisation of calculation methods, the structure of 
calculated data and other aspects of harmonisation. Using the standardised cost structure directly at the 
calculation level supports the harmonisation of calculation and comparison of costs and other 
decommissioning parameter like exposure, manpower, wastes, etc.  

Experience in comparing the decommissioning costs presented in various cost structures, e.g. in [2] 
shows that serious problems can be encountered. The decision making processes in decommissioning 
planning can be more effective when there is the possibility to compare or to benchmark the partial 
decommissioning costs, structured in standardised structure, with the data from other already 
completed projects. The requirements for implementing the standardised costs structure into 
decommissioning costing become more and more imperative. 

The decision making process for the given decommissioning project should take into consideration all 
possible ways of decommissioning relevant for the selected decommissioning strategy and for the 
decommissioning infrastructure, either existing or planned. The waste management costs can be 
evaluated in principle in two ways – estimate the amounts of waste a priori and to calculate relevant 
costs, or simulate the material flow in decommissioning including the calculation of actual amounts of 
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individual waste items and calculate relevant costs. The second method is more accurate and can help 
to evaluate various waste management scenarios. The options applicable for the decommissioning 
project should be evaluated and optimised individually, including waste management, and the optimal 
option should be selected based on pre-defined criteria. The requirements for the development of the 
computer code OMEGA for application in the decision making process in decommissioning, were 
defined as follows: 

� The standardised decommissioning cost structure should be applied;�

� The decommissioning waste management should be incorporated into the calculation structure 
directly in order to achieve the higher accuracy and flexibility; 

� The calculation process should consider the decay of individual radio–nuclides; 

� The actual sequence of activities for individual decommissioning options should be defined in a 
decommissioning schedule specific for individual options; 

� Multi–optional work should be applied for selection of the optimal decommissioning option. 

2. The standardised decommissioning cost code OMEGA 
The first version of the cost calculation code was developed at DECOM Slovakia Ltd in the frame of 
the technical support for A1 NPP, Slovakia in the period 1999–2003. The total manpower needed for 
the development of the first version was approximately 25 man-years. Terms of Reference required to 
develop the universal decommissioning cost methodology and a computer tool for NPPs with various 
technological and building structure, and radiological situation. The background for these 
requirements was that the A1 NPP was shutdown after an operational accident which resulted in a very 
complicated radiological situation within the NPP. The code is applicable also for planning of 
decommissioning of NPP’s shutdown under planned procedures. The standardised structure of 
decommissioning activities [1] was accepted as the base for the calculation core. The radiological 
situation of A1 NPP has led to a decision to develop the system for computer modelling of the material 
and radioactivity flow in decommissioning, in order to evaluate various options of decommissioning 
including the management of waste resulting from decommissioning. The principles implemented in 
the code are summarised in chapter 2, lessons learned from application of the code are presented in 
chapter 3, and lessons learned as applied for further upgrading of the code are presented in chapter 4. 
The current version of the code configuration is the Oracle server � thick clients. 

2.1. Summary of properties of the code 
The principles of decommissioning costing implemented into the Omega code are following: 

� What to do: configuration of decommissioning activities of a decommissioning option into the 
standardised format using the developed templates of the standardised structure, development 
and implementation of methods for generation and management of standardised hierarchical 
calculation structures, which correspond to the facility structure of buildings – floors – 
rooms/cells - inventory items in rooms/cells; 

� How to do: allocation of calculation procedures into the standardised calculation structure, 
definition of the conditions for calculation, evaluation of the radiological condition at the start 
of individual activities in order to select manual/remote operations, protection of the personnel 
and calculation of the real exposure of the personnel; generation/editing of relevant calculation 
data and correction factors for manpower calculation; 

� In what sequence: implementation of the concept of material and radioactivity flow modelling 
in decommissioning process based on data linking of the calculation process and on definition 
of the calculation sequence which match actual primary and secondary decommissioning waste 
generation management activities including the final waste disposal and material release and 
effluents; 

� At what time: implementation of the concept of on-line optimisation of decommissioning 
schedules which includes the definition of the option specific work breakdown structure (WBS) 

and the mutual linking of the WBS items to grouped or non-grouped items of the standardised 
calculation structure; the time structure as defined in the optimised decommissioning schedule 
is used for recalculation of costs and other decommissioning parameters in order to evaluate the 
effect of time on decommissioning. 

The properties of the code were presented in [3] and [4]. One of the most important features of the 
code is the compactness of the standardised calculation structure which includes all activities of the 
decommissioning option and the activities for management of waste resulting from decommissioning. 
The full extent of activities of the standardised calculation structure includes also the activities of 
transition period after shutdown and the activities of spent fuel management as well. The compactness, 
internal linking and sequencing of the standardised calculation structure enables the calculation of 
costs and other decommissioning parameters for a decommissioning option within one calculation run 
including processing of the calculated data and generating of output data formats and the 
decommissioning schedule of the option in the form of the Gantt chart in microsoft Project. 

The templates of the standardised calculation structure were developed for automatic generation of the 
standardised calculation structure and for generation of the default values of input calculation data. 
These values are derived from the inventory data of the systems and structures and from the 
radiological data updated by the code to the start dates of decommissioning activities. 

The concept of nuclide vectors was used in definition of nuclide composition of contamination, 
activation, mass/volume activity and dose rate. The nuclide vectors are stored with the date of the 
definition and prior to application in the calculation, the nuclide composition is recalculated for the 
decay of individual radionuclides. The recalculated nuclide vectors are then used for generation of 
amounts of individual radio–nuclides, used in nuclide resolved calculation process. The effect of 
deferring the decommissioning activities can then be analysed. The concept is applied in calculation of 
exposure of personnel, in selecting the manual or remote operation and in waste management.  

For management of material and radioactivity flow in the calculation process, two principles are used:  
one, the principle of initial material and radiological partitioning of the individual inventory items of 
the facility inventory database into one–material components; and two, the principle of linking and 
sequencing of individual activities of waste management. The one–material components are applied in  
calculation items of waste management. The flow of interim waste forms, secondary waste and final 
waste forms can be monitored. The calculation process is nuclide resolved and the nuclide resolved 
limits for individual technological equipment for waste processing, acceptance limits for low level and 
intermediate level repositories and limits for release of materials into envinment, can be applied. 

Basic idea of the OMEGA code is that the standardised structure [1] is in principle the complete list of 
decommissioning activities. This is the base for the standardised calculation core which is in its 
internal structure equal for all decommissioning options. What is specific for the individual 
decommissioning option is the work breakdown structure (WBS). The WBS can be defined 
individually for each option by linking the WBS items to the grouped or non-grouped calculation 
items of the standardised calculation structure, including allocating of calculated data. A tool (WBS 
interface) was developed for transforming the WBS into the Gantt chart of the decommissioning 
option in MS Project and for allocating the calculated data to the Gantt chart. Optimisation of the 
decommissioning options and management of time is accomplished by defining the time structure in 
the Gantt chart. 

The calculation is organised in two modes. The first mode allocates the same start dates for all 
decommissioning activities, the second mode is organised according the start dates of 
decommissioning activities as defined in the Gantt chart of the option. The first mode is used for 
generation of the Gantt chart before its optimisation and the second mode for recalculation of data 
according the optimised Gant chart. The calculation sequence in both cases is the same - first the waste 
generating procedures, second the waste management procedures, and lastly, the waste independent 
procedures. Principles applied for the development of the code are presented on Figure 1. 
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individual waste items and calculate relevant costs. The second method is more accurate and can help 
to evaluate various waste management scenarios. The options applicable for the decommissioning 
project should be evaluated and optimised individually, including waste management, and the optimal 
option should be selected based on pre-defined criteria. The requirements for the development of the 
computer code OMEGA for application in the decision making process in decommissioning, were 
defined as follows: 

� The standardised decommissioning cost structure should be applied;�

� The decommissioning waste management should be incorporated into the calculation structure 
directly in order to achieve the higher accuracy and flexibility; 

� The calculation process should consider the decay of individual radio–nuclides; 

� The actual sequence of activities for individual decommissioning options should be defined in a 
decommissioning schedule specific for individual options; 

� Multi–optional work should be applied for selection of the optimal decommissioning option. 

2. The standardised decommissioning cost code OMEGA 
The first version of the cost calculation code was developed at DECOM Slovakia Ltd in the frame of 
the technical support for A1 NPP, Slovakia in the period 1999–2003. The total manpower needed for 
the development of the first version was approximately 25 man-years. Terms of Reference required to 
develop the universal decommissioning cost methodology and a computer tool for NPPs with various 
technological and building structure, and radiological situation. The background for these 
requirements was that the A1 NPP was shutdown after an operational accident which resulted in a very 
complicated radiological situation within the NPP. The code is applicable also for planning of 
decommissioning of NPP’s shutdown under planned procedures. The standardised structure of 
decommissioning activities [1] was accepted as the base for the calculation core. The radiological 
situation of A1 NPP has led to a decision to develop the system for computer modelling of the material 
and radioactivity flow in decommissioning, in order to evaluate various options of decommissioning 
including the management of waste resulting from decommissioning. The principles implemented in 
the code are summarised in chapter 2, lessons learned from application of the code are presented in 
chapter 3, and lessons learned as applied for further upgrading of the code are presented in chapter 4. 
The current version of the code configuration is the Oracle server � thick clients. 

2.1. Summary of properties of the code 
The principles of decommissioning costing implemented into the Omega code are following: 

� What to do: configuration of decommissioning activities of a decommissioning option into the 
standardised format using the developed templates of the standardised structure, development 
and implementation of methods for generation and management of standardised hierarchical 
calculation structures, which correspond to the facility structure of buildings – floors – 
rooms/cells - inventory items in rooms/cells; 

� How to do: allocation of calculation procedures into the standardised calculation structure, 
definition of the conditions for calculation, evaluation of the radiological condition at the start 
of individual activities in order to select manual/remote operations, protection of the personnel 
and calculation of the real exposure of the personnel; generation/editing of relevant calculation 
data and correction factors for manpower calculation; 

� In what sequence: implementation of the concept of material and radioactivity flow modelling 
in decommissioning process based on data linking of the calculation process and on definition 
of the calculation sequence which match actual primary and secondary decommissioning waste 
generation management activities including the final waste disposal and material release and 
effluents; 

� At what time: implementation of the concept of on-line optimisation of decommissioning 
schedules which includes the definition of the option specific work breakdown structure (WBS) 

and the mutual linking of the WBS items to grouped or non-grouped items of the standardised 
calculation structure; the time structure as defined in the optimised decommissioning schedule 
is used for recalculation of costs and other decommissioning parameters in order to evaluate the 
effect of time on decommissioning. 

The properties of the code were presented in [3] and [4]. One of the most important features of the 
code is the compactness of the standardised calculation structure which includes all activities of the 
decommissioning option and the activities for management of waste resulting from decommissioning. 
The full extent of activities of the standardised calculation structure includes also the activities of 
transition period after shutdown and the activities of spent fuel management as well. The compactness, 
internal linking and sequencing of the standardised calculation structure enables the calculation of 
costs and other decommissioning parameters for a decommissioning option within one calculation run 
including processing of the calculated data and generating of output data formats and the 
decommissioning schedule of the option in the form of the Gantt chart in microsoft Project. 

The templates of the standardised calculation structure were developed for automatic generation of the 
standardised calculation structure and for generation of the default values of input calculation data. 
These values are derived from the inventory data of the systems and structures and from the 
radiological data updated by the code to the start dates of decommissioning activities. 

The concept of nuclide vectors was used in definition of nuclide composition of contamination, 
activation, mass/volume activity and dose rate. The nuclide vectors are stored with the date of the 
definition and prior to application in the calculation, the nuclide composition is recalculated for the 
decay of individual radionuclides. The recalculated nuclide vectors are then used for generation of 
amounts of individual radio–nuclides, used in nuclide resolved calculation process. The effect of 
deferring the decommissioning activities can then be analysed. The concept is applied in calculation of 
exposure of personnel, in selecting the manual or remote operation and in waste management.  

For management of material and radioactivity flow in the calculation process, two principles are used:  
one, the principle of initial material and radiological partitioning of the individual inventory items of 
the facility inventory database into one–material components; and two, the principle of linking and 
sequencing of individual activities of waste management. The one–material components are applied in  
calculation items of waste management. The flow of interim waste forms, secondary waste and final 
waste forms can be monitored. The calculation process is nuclide resolved and the nuclide resolved 
limits for individual technological equipment for waste processing, acceptance limits for low level and 
intermediate level repositories and limits for release of materials into envinment, can be applied. 

Basic idea of the OMEGA code is that the standardised structure [1] is in principle the complete list of 
decommissioning activities. This is the base for the standardised calculation core which is in its 
internal structure equal for all decommissioning options. What is specific for the individual 
decommissioning option is the work breakdown structure (WBS). The WBS can be defined 
individually for each option by linking the WBS items to the grouped or non-grouped calculation 
items of the standardised calculation structure, including allocating of calculated data. A tool (WBS 
interface) was developed for transforming the WBS into the Gantt chart of the decommissioning 
option in MS Project and for allocating the calculated data to the Gantt chart. Optimisation of the 
decommissioning options and management of time is accomplished by defining the time structure in 
the Gantt chart. 

The calculation is organised in two modes. The first mode allocates the same start dates for all 
decommissioning activities, the second mode is organised according the start dates of 
decommissioning activities as defined in the Gantt chart of the option. The first mode is used for 
generation of the Gantt chart before its optimisation and the second mode for recalculation of data 
according the optimised Gant chart. The calculation sequence in both cases is the same - first the waste 
generating procedures, second the waste management procedures, and lastly, the waste independent 
procedures. Principles applied for the development of the code are presented on Figure 1. 
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Figure 1. Principal scheme of the standardised cost code OMEGA. 

2.2. Structure of calculated data 
The calculated data can be viewed at the detailed level for each calculation item of the standardised 
calculation structure. Summary formats with user selected calculated decommissioning parameters are 
generated for the presentation of the overall data of the option and are used also for the multi-attribute 
analysis for selection of the optimal option. Matrixes of calculated data in standardised formats are 
generated as the main calculation result. Time graphs of any user selected calculated parameter can be 
generated and the costs in time resolved tables are used for cost post-processing (discounting, 
inflation). The OMEGA code produces the following groups of calculated parameters: 

� Costs, manpower, exposure, number of workers, consumables, energy, etc.; 

� Material/radiological parameters of all waste forms, released materials, gaseous/liquid effluents; 

� Manpower and exposure items resolved for individual occupations;�

� Start and duration of individual decommissioning activities; 

� Equipment needed for performing of individual decommissioning activities. 

3. Lessons learnt from application of the OMEGA code 
3.1. Generation and management of the standardised calculation structure, calculation 
The user can configure the standardised calculation structure in three steps using the templates which 
facilitate significantly the work of the user;s work. The basis for this work is the general standardised 
template which covers the decommissioning activities as defined in [1]. In the first step the user can 
develop the master template which is specific for a type of a nuclear facility. In the second step the 
user can adapt the selected master template to the standardised structure specific to the 
decommissioning option to be calculated. In this step the user can define as much calculation options 
as required for the evaluation within the decommissioning project. The option specific standardised 
structure of decommissioning activities involves also the prescriptions for generation of lower levels 
of calculation items, for allocating the calculation procedures and definition of calculation sequence. 

The third step is the automatic generation of the executive standardised calculation structure. The 
typical feature of this structure is that it has the hierarchical structure of the buildings – floors – 
rooms/cells – inventory items in the room/cell in selected sections of the standardised structure, as 
required in basic definition of decommissioning activities in [1]. The generated structure contains also 
input calculation data with default values. After the generation, the user can review/edit the generated 
calculated structure and the generated default values of the calculation data and can define the extent 
of calculation by clicking in the individual calculation items. Example of the executive calculation is 
on the Figure 2. The duration of generation of the calculation structure at the current level of the code 

is approximately 20–25 hours for the calculation structure for a typical NPP and the number of 
calculation items is between 104 to 105. The calculation process itself for such a calculation extent 
lasts approximately 30 hours including generation of output formats and the Gantt chart.  

This three–stage approach enables flexibility in developing the standardised calculation structures for 
any nuclear facility. The precondition is the inventory database for the nuclear facility with relevant 
structure and data needed for application of standardised structure. The methods for development of 
the inventory database with these properties were developed. 

Transformed definition of 
the standardised structure 

OMEGA template extensions 

Automatically generated 
levels object - floor - room 

Automatically generated 
calculation items for the 
room level 

FIG. 2. Example of an executive standardised cost calculation structure. 

3.2. Decommissioning schedule and optimisation of decommissioning options 
For the development of the option specific work breakdown structure (WBS) the user has the 
possibility to use and adapt the templates which contain the pre–defined grouping and linking of the 
items of the standardised calculation structure to the items of the work breakdown structure including  
waste management. The experience collected shows that the methods and tools developed enable to 
manage effectively the generation of the Gantt chart of the calculation option in the standard planning 
software microsoft Project. 

The effectiveness is based on the fact that the Gant chart is generated automatically by the code based 
on the user defined structure of the WBS, on the facility inventory database and on the data calculated 
in the standardised calculation structure. The Gantt chart can be optimised by standard procedure and 
tools of MS Project. The resulted Gantt chart structure reflects the optimised sequence of 
decommissioning activities and involves also the waste management activities. The optimised 
structure is then used for recalculation of decommissioning parameters according to the start dates of 
individual decommissioning activities as defined in the Gantt chart. Recalculation is possible due to 
data feedback from the Gantt chart into the standardised calculation structure. The optimisation and 
recalculation process can be repeated in an iterative way. 

In this way, the effect of time can be evaluated in options with long duration like in the deferred 
decommissioning options. The critical phases can be optimised by optimising the number of working 
groups and number of working shifts for critical operations. The waste management processes can be 
also optimised. This methodology of optimisation can be used also on the level of parallel 
decommissioning projects. The joint Gant chart for parallel decommissioning projects can be 
generated and the common aspects of the parallel projects can be optimised.  

The time needed for generation of the Gantt chart for a typical NPP is approximately 5 hours. The 
sequence of activities for generation, optimisation and recalculation of calculation options based on 
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Figure 1. Principal scheme of the standardised cost code OMEGA. 

2.2. Structure of calculated data 
The calculated data can be viewed at the detailed level for each calculation item of the standardised 
calculation structure. Summary formats with user selected calculated decommissioning parameters are 
generated for the presentation of the overall data of the option and are used also for the multi-attribute 
analysis for selection of the optimal option. Matrixes of calculated data in standardised formats are 
generated as the main calculation result. Time graphs of any user selected calculated parameter can be 
generated and the costs in time resolved tables are used for cost post-processing (discounting, 
inflation). The OMEGA code produces the following groups of calculated parameters: 

� Costs, manpower, exposure, number of workers, consumables, energy, etc.; 

� Material/radiological parameters of all waste forms, released materials, gaseous/liquid effluents; 

� Manpower and exposure items resolved for individual occupations;�

� Start and duration of individual decommissioning activities; 

� Equipment needed for performing of individual decommissioning activities. 

3. Lessons learnt from application of the OMEGA code 
3.1. Generation and management of the standardised calculation structure, calculation 
The user can configure the standardised calculation structure in three steps using the templates which 
facilitate significantly the work of the user;s work. The basis for this work is the general standardised 
template which covers the decommissioning activities as defined in [1]. In the first step the user can 
develop the master template which is specific for a type of a nuclear facility. In the second step the 
user can adapt the selected master template to the standardised structure specific to the 
decommissioning option to be calculated. In this step the user can define as much calculation options 
as required for the evaluation within the decommissioning project. The option specific standardised 
structure of decommissioning activities involves also the prescriptions for generation of lower levels 
of calculation items, for allocating the calculation procedures and definition of calculation sequence. 

The third step is the automatic generation of the executive standardised calculation structure. The 
typical feature of this structure is that it has the hierarchical structure of the buildings – floors – 
rooms/cells – inventory items in the room/cell in selected sections of the standardised structure, as 
required in basic definition of decommissioning activities in [1]. The generated structure contains also 
input calculation data with default values. After the generation, the user can review/edit the generated 
calculated structure and the generated default values of the calculation data and can define the extent 
of calculation by clicking in the individual calculation items. Example of the executive calculation is 
on the Figure 2. The duration of generation of the calculation structure at the current level of the code 

is approximately 20–25 hours for the calculation structure for a typical NPP and the number of 
calculation items is between 104 to 105. The calculation process itself for such a calculation extent 
lasts approximately 30 hours including generation of output formats and the Gantt chart.  

This three–stage approach enables flexibility in developing the standardised calculation structures for 
any nuclear facility. The precondition is the inventory database for the nuclear facility with relevant 
structure and data needed for application of standardised structure. The methods for development of 
the inventory database with these properties were developed. 
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FIG. 2. Example of an executive standardised cost calculation structure. 

3.2. Decommissioning schedule and optimisation of decommissioning options 
For the development of the option specific work breakdown structure (WBS) the user has the 
possibility to use and adapt the templates which contain the pre–defined grouping and linking of the 
items of the standardised calculation structure to the items of the work breakdown structure including  
waste management. The experience collected shows that the methods and tools developed enable to 
manage effectively the generation of the Gantt chart of the calculation option in the standard planning 
software microsoft Project. 

The effectiveness is based on the fact that the Gant chart is generated automatically by the code based 
on the user defined structure of the WBS, on the facility inventory database and on the data calculated 
in the standardised calculation structure. The Gantt chart can be optimised by standard procedure and 
tools of MS Project. The resulted Gantt chart structure reflects the optimised sequence of 
decommissioning activities and involves also the waste management activities. The optimised 
structure is then used for recalculation of decommissioning parameters according to the start dates of 
individual decommissioning activities as defined in the Gantt chart. Recalculation is possible due to 
data feedback from the Gantt chart into the standardised calculation structure. The optimisation and 
recalculation process can be repeated in an iterative way. 

In this way, the effect of time can be evaluated in options with long duration like in the deferred 
decommissioning options. The critical phases can be optimised by optimising the number of working 
groups and number of working shifts for critical operations. The waste management processes can be 
also optimised. This methodology of optimisation can be used also on the level of parallel 
decommissioning projects. The joint Gant chart for parallel decommissioning projects can be 
generated and the common aspects of the parallel projects can be optimised.  

The time needed for generation of the Gantt chart for a typical NPP is approximately 5 hours. The 
sequence of activities for generation, optimisation and recalculation of calculation options based on 
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experience with A1 NPP and V1 NPP costing in Slovakia is schematically presented on the Figure 3. 
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FIG. 3. Principal scheme of work breakdown structure (WBS) definition, its transformation into the 
Gantt chart, optimisation of the Gantt chart and modes of calculation runs. 

3.3. Application in waste management 
Due to variability of creating the various waste streams in modelling the flow of materials and 
radioactivity in the decommissioning process, the complex schemes of waste management for 
decommissioning options based on the waste management infrastructure available or planned can be 
developed and applied. Several scenarios can be applied within one decommissioning option for 
evaluating the optimal waste management. The scenarios include application of pre-dismantling 
decontamination, post-dismantling decontamination, processing of waste according their form 
(melting, super–compacting, incineration, fixation by various methods), final packaging for LLW/ILW 
and for geological repositories and release of material into environment. The secondary waste and 
gaseous and liquid effluents are calculated for each step. 

The calculation process is nuclide resolved, so the process limits, disposal limits and release limits into 
environment can be applied and the effect of time (due to decay) in waste processing can be evaluated. 
Feeding the waste input data from the keyboard is possible at each elementary decommissioning 
activity, so the system can be applied also for evaluation of management of the operational waste. The 
input data in this case represents the amount of individual waste forms to be processed. 

The system of waste management was applied also for evaluation and optimisation of waste 
management of parallel decommissioning projects that used the same waste management 
infrastructure. The evaluated case was the site of Jaslovske Bohunice, where one waste management 
facility is in operation which processes and will process the waste from decommissioning of A1 NPP 
and V1 NPP and also the waste from operation of V1 NPP and V2 NPP. This application has proved 
the effectiveness of the developed method for optimisation in waste management. 

The representative scheme of waste management as applied in the OMEGA code is presented on the 
Figure 4. The calculation of parameters of waste management takes the major part of calculation, 
approximately 20-50 % depending on the extent of nuclide vectors applied in the calculation. 
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FIG. 4. Review scheme of waste management in OMEGA for decommissioning costing and for general 
waste management projects optimization using the keyboard data enter and internal OMEGA tool. 

3.4. Application in back-end of nuclear power industry 
Similar modes of generation of calculation structure and WBS were applied also in the first version of 
the module for evaluation of costs and other parameters of activities relating to the back–end of 
nuclear power industry. The activities include the storing of spent fuel, its transporting and selected 
modes of the final management of spent fuel including the development, operation and closing of the 
geological repository. The module is under upgrading to reach the level of details similar to 
decommissioning and waste management modules. 

3.5. Sensitivity analysis and uncertainties evaluation 
The internally linked and compact calculation structure enables to implement the concept of sensitivity 
analysis for evaluating the impact of varying the selected inventory and other calculation parameters in 
order to evaluate the possible margins and trends of decommissioning costs and other 
decommissioning parameters. The varying input parameters could be the level of contamination of 
systems and structures, the nuclide composition, the duration of deferring the dismantling, application 
of various scenarios of waste management, etc. The integrated compact and linked standardised 
calculation structure including the waste management enables to calculate all the needed parameters in 
one calculation run in acceptable time, so many cases can be calculated and evaluated. This mode 
brings new dimensions into costing and into definition of contingencies for decommissioning. Various 
waste scenarios, application of remote/manual dismantling techniques, waste amounts and categories 
under various radiological conditions can be evaluated. Examples of the results of the sensitivity 
analysis are presented in the Figure 5. 

Another mode for the post–calculation data processing, developed for the costs formatted in the 
standardised structure, is the evaluation of uncertainties of calculated costs due to uncertainties in 
input data. The idea is based on the fact that various sections of the standardised structure represent the 
decommissioning activities for which the different input data are used. The facility inventory data are 
dominant in some sections, in other the data for period dependent activities, etc. The uncertainites of 
input data are transformed into the uncertainties of calculated data differently for various sections of 
the standardised structure. The developed methodology uses the standardised correction matrix which 
is applied on the calculated data formatted in standardised structure. The correction factors are 
developed based on model calculations for selected sections of standardised structure using the 
normalised uncertainties of input data. The resulted data can be used for definition of contingencies in 
individual calculation items for various sections of the standardised structure or for the definition of 
contingencies within the special item 11.0700 of the standardised structure.  
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experience with A1 NPP and V1 NPP costing in Slovakia is schematically presented on the Figure 3. 
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FIG. 3. Principal scheme of work breakdown structure (WBS) definition, its transformation into the 
Gantt chart, optimisation of the Gantt chart and modes of calculation runs. 

3.3. Application in waste management 
Due to variability of creating the various waste streams in modelling the flow of materials and 
radioactivity in the decommissioning process, the complex schemes of waste management for 
decommissioning options based on the waste management infrastructure available or planned can be 
developed and applied. Several scenarios can be applied within one decommissioning option for 
evaluating the optimal waste management. The scenarios include application of pre-dismantling 
decontamination, post-dismantling decontamination, processing of waste according their form 
(melting, super–compacting, incineration, fixation by various methods), final packaging for LLW/ILW 
and for geological repositories and release of material into environment. The secondary waste and 
gaseous and liquid effluents are calculated for each step. 

The calculation process is nuclide resolved, so the process limits, disposal limits and release limits into 
environment can be applied and the effect of time (due to decay) in waste processing can be evaluated. 
Feeding the waste input data from the keyboard is possible at each elementary decommissioning 
activity, so the system can be applied also for evaluation of management of the operational waste. The 
input data in this case represents the amount of individual waste forms to be processed. 

The system of waste management was applied also for evaluation and optimisation of waste 
management of parallel decommissioning projects that used the same waste management 
infrastructure. The evaluated case was the site of Jaslovske Bohunice, where one waste management 
facility is in operation which processes and will process the waste from decommissioning of A1 NPP 
and V1 NPP and also the waste from operation of V1 NPP and V2 NPP. This application has proved 
the effectiveness of the developed method for optimisation in waste management. 

The representative scheme of waste management as applied in the OMEGA code is presented on the 
Figure 4. The calculation of parameters of waste management takes the major part of calculation, 
approximately 20-50 % depending on the extent of nuclide vectors applied in the calculation. 
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FIG. 4. Review scheme of waste management in OMEGA for decommissioning costing and for general 
waste management projects optimization using the keyboard data enter and internal OMEGA tool. 

3.4. Application in back-end of nuclear power industry 
Similar modes of generation of calculation structure and WBS were applied also in the first version of 
the module for evaluation of costs and other parameters of activities relating to the back–end of 
nuclear power industry. The activities include the storing of spent fuel, its transporting and selected 
modes of the final management of spent fuel including the development, operation and closing of the 
geological repository. The module is under upgrading to reach the level of details similar to 
decommissioning and waste management modules. 

3.5. Sensitivity analysis and uncertainties evaluation 
The internally linked and compact calculation structure enables to implement the concept of sensitivity 
analysis for evaluating the impact of varying the selected inventory and other calculation parameters in 
order to evaluate the possible margins and trends of decommissioning costs and other 
decommissioning parameters. The varying input parameters could be the level of contamination of 
systems and structures, the nuclide composition, the duration of deferring the dismantling, application 
of various scenarios of waste management, etc. The integrated compact and linked standardised 
calculation structure including the waste management enables to calculate all the needed parameters in 
one calculation run in acceptable time, so many cases can be calculated and evaluated. This mode 
brings new dimensions into costing and into definition of contingencies for decommissioning. Various 
waste scenarios, application of remote/manual dismantling techniques, waste amounts and categories 
under various radiological conditions can be evaluated. Examples of the results of the sensitivity 
analysis are presented in the Figure 5. 

Another mode for the post–calculation data processing, developed for the costs formatted in the 
standardised structure, is the evaluation of uncertainties of calculated costs due to uncertainties in 
input data. The idea is based on the fact that various sections of the standardised structure represent the 
decommissioning activities for which the different input data are used. The facility inventory data are 
dominant in some sections, in other the data for period dependent activities, etc. The uncertainites of 
input data are transformed into the uncertainties of calculated data differently for various sections of 
the standardised structure. The developed methodology uses the standardised correction matrix which 
is applied on the calculated data formatted in standardised structure. The correction factors are 
developed based on model calculations for selected sections of standardised structure using the 
normalised uncertainties of input data. The resulted data can be used for definition of contingencies in 
individual calculation items for various sections of the standardised structure or for the definition of 
contingencies within the special item 11.0700 of the standardised structure.  
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FIG. 51. Examples of sensitivity analysis. 

4. Upgrading of the OMEGA code based on experience up till now 
The lessons learned up till now confirm the versatility of the code in applications for various NPP’s 
with various radiological conditions and various technological systems and building structures. The 
code is applicable also for minor nuclear facilities and for the back-end of the nuclear power industry. 
Applications in the single decommissioning projects and also in optimisation of parallel 
decommissioning projects were accomplished. The lessons learned are now used for upgrading of the 
code in following aspects: 

(1) Developing the methods for accelerating the generation of standardised calculation structures, 
calculation of decommissioning parameters, generating of tables of calculated data and of the of 
Gantt chart. It is expected that the developed and already tested methods will shorten the 
generation and calculation time to several hours in comparison with tens of hours now;  

(2) Unification and modularisation of calculation procedures in order to increase the versatility of 
the code in applications; 

(3) Modularity of the system for waste management (the material and radioactivity flow control 
system). The system will be upgraded for easy adaptation to any waste management structure; 

                                                     

1 Legend to the Figure 5: As examples of results of the sensitivity analysis are presented the costs, 
manpower and number of final waste packages for LLW/ILW repository and for geological repository. 
The evaluated activities are dismantling and management of waste from dismantling of technological 
systems including the reactor from the reactor building of a model NPP with the PWR reactor based 
on real inventory data. The option 1 and 2 demonstrate the impact of level of contamination, options 3 
and 4 the effect of deferring, the options 1 a 3 the impact of nuclide composition (Cs 137 and alphas 
are present in options 1 and 2).  

(4) Development of the internet version of the OMEGA code for various levels of application or 
management of the calculation structure. The internet version will bring a new type of services 
in decommissioning costing and planning. The work with the OMEGA code and generally in 
costing requires long term experience. The services of this type assume that the team with 
experience in decommissioning costing and with experience with the code Omega, will provide 
assistance in developing the facility inventory database, in defining the decommissioning 
options and in calculation, evaluation and optimisation of options. The team will provide the 
calculation time of the code and at the same time the team will maintain the system and upgrade 
it according the requirements. The expected levels of involvement of the customer are indicated 
on the Figure 6 – the levels 1 to 3. The level 4 is the level if system manager; 

(5) Upgrading of the system for evaluation of uncertainities of the standardised calculation in order 
to use it routinely; 

(6) Development of the system for auto-calibration of the calculation process by introducing the 
calibrating sections into the standardised calculation structure and developing methods for 
evaluation of the results using these calibrating sections; 

(7) Development of the upgraded version of modules for back–end of nuclear power industry. 
Modularity of the system will ensure the applications for various concepts of management of 
spent fuel.  
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FIG. 6. Principal scheme of the internet version of the OMEGA code 

5. Conclusions 
The computer code OMEGA for standardised decommissioning costing was developed in the period 
1999 – 2003 and has further been upgraded. The common calculation core of the code for all the 
decommissioning calculation options is the implemented standardised cost structure as defined the 
document “A Proposed Standardised List of Items for Costing Purposes, OECD/NEA, IAEA, EC, 
1999”. The calculated results have the structure of that document and no post-calculation re–
formatting of data is needed. The compact calculation structure involves all the decommissioning 
activities including the activities of decommissioning waste management. The calculation process is 
nuclide resolved, the decay of radioactivity is taken into consideration and the real flow of material 
and radioactivity in decommissioning and waste management is simulated. 

The work breakdown structure of activities with sequence and structure in which the activities are 
planned to be performed, is defined specifically for each decommissioning calculation option and the 
work breakdown structure is transformed into the Gantt chart of the option in MS Project software for 
optimisation of the structure. The optimised structure of decommissioning activities and waste 
management activities in the Gantt chart is used for the final recalculation of data in order to evaluate 
the effect of time. The joint Gantt chart of parallel projects enables its mutual optimisation. 
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manpower and number of final waste packages for LLW/ILW repository and for geological repository. 
The evaluated activities are dismantling and management of waste from dismantling of technological 
systems including the reactor from the reactor building of a model NPP with the PWR reactor based 
on real inventory data. The option 1 and 2 demonstrate the impact of level of contamination, options 3 
and 4 the effect of deferring, the options 1 a 3 the impact of nuclide composition (Cs 137 and alphas 
are present in options 1 and 2).  

(4) Development of the internet version of the OMEGA code for various levels of application or 
management of the calculation structure. The internet version will bring a new type of services 
in decommissioning costing and planning. The work with the OMEGA code and generally in 
costing requires long term experience. The services of this type assume that the team with 
experience in decommissioning costing and with experience with the code Omega, will provide 
assistance in developing the facility inventory database, in defining the decommissioning 
options and in calculation, evaluation and optimisation of options. The team will provide the 
calculation time of the code and at the same time the team will maintain the system and upgrade 
it according the requirements. The expected levels of involvement of the customer are indicated 
on the Figure 6 – the levels 1 to 3. The level 4 is the level if system manager; 

(5) Upgrading of the system for evaluation of uncertainities of the standardised calculation in order 
to use it routinely; 

(6) Development of the system for auto-calibration of the calculation process by introducing the 
calibrating sections into the standardised calculation structure and developing methods for 
evaluation of the results using these calibrating sections; 

(7) Development of the upgraded version of modules for back–end of nuclear power industry. 
Modularity of the system will ensure the applications for various concepts of management of 
spent fuel.  

ORACLE SERVER 

INTERNET SERVICE 
MANAGER SYSTEM 

Standard 
Internet 
Browser

Level 1_view: 
�  calculated data

Thin 
User 
Client

Level 2_view/edit: 
�  calculated data 
�  database data 

Thick 
User 
Client

Level 3_view/edit/organise: 
�  calculated data 
�  database data/structure 
�  calculation 

System 
Manager 
Client

Level 4_system manager: 
�  Full system access 
�  Services for users 
�  System maintenance 
� System upgrade 

OMEGA server 

FIG. 6. Principal scheme of the internet version of the OMEGA code 

5. Conclusions 
The computer code OMEGA for standardised decommissioning costing was developed in the period 
1999 – 2003 and has further been upgraded. The common calculation core of the code for all the 
decommissioning calculation options is the implemented standardised cost structure as defined the 
document “A Proposed Standardised List of Items for Costing Purposes, OECD/NEA, IAEA, EC, 
1999”. The calculated results have the structure of that document and no post-calculation re–
formatting of data is needed. The compact calculation structure involves all the decommissioning 
activities including the activities of decommissioning waste management. The calculation process is 
nuclide resolved, the decay of radioactivity is taken into consideration and the real flow of material 
and radioactivity in decommissioning and waste management is simulated. 

The work breakdown structure of activities with sequence and structure in which the activities are 
planned to be performed, is defined specifically for each decommissioning calculation option and the 
work breakdown structure is transformed into the Gantt chart of the option in MS Project software for 
optimisation of the structure. The optimised structure of decommissioning activities and waste 
management activities in the Gantt chart is used for the final recalculation of data in order to evaluate 
the effect of time. The joint Gantt chart of parallel projects enables its mutual optimisation. 
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The concept of this compact nuclide-resolved universal standardised calculation structure including 
the waste management with bi-directional data link to the Gantt charts specific for decommissioning 
options creates new possibilities in decision making process in decommissioning. Various 
decommissioning options of the decommissioning project can be optimised and evaluated 
individually, which form the base for selection of the optimal decommissioning option. 

Standardised structure of calculated costs enables additional cost post–processing in order to evaluate 
the uncertainties in the calculation. The compactness of the calculation structure enables also to 
evaluate the impact of selected individual input parameters on the calculated data. This additional kind 
of data can be used effectively for definition of margins of calculated data and for definition of cost 
contingencies.  

The code has been extensively tested and used based on facility inventory data of two types of NPP 
(gas cooled&heavy water moderated and PWR). The results and lessons learned from the evaluated 
cases proved the effectiveness of application of the code in the decision making process in 
decommissioning. 
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Abstract: Nuclear power was ushered in India in 1969 with the commissioning of the Tarapur Atomic 
Power Station (TAPS) comprising of two boiling water reactors (BWRs).The subsequent Indian Nuclear Power 
Programme is essentially based on Pressurised Heavy Water Reactors (PHWR) using natural uranium as fuel and 
heavy water as moderator and coolant. First unit of Rajasthan Atomic Power Station (RAPS) which is PHWR of 
220 MWe capacity commenced operation in 1973 and second unit in 1981. At present we have twelve PHWRs 
of this capacity and one unit of 540 MWe operating at various places of India. Some more units of 220 MWe, 
one unit of 540 MWe  and two units of 1000 MWe each of VVERs are under construction.  

Though, we have not decommissioned any major nuclear facility so far, we have carried out some important 
maintenance/up gradation activities, which are highly relevant to decommissioning. Some of the significant 
activities of this nature carried out in 220 MWe PHWRs are: 

(1) En-masse Coolant Channel Replacement; 
(2) Steam Generator Replacement; 
(3) Replacement of Feeders of Primary Heat Transport System; 
(4) Dilute Chemical Decontamination of Primary Heat Transport System. 

This paper describes salient details of the above activities and also brings out the lessons learnt from them which 
can be applied for decommissioning of nuclear power plants in future. 

A draft safety Guide on regulatory requirements for decommissioning has been prepared recently by the Atomic 
Energy Regulatory Board (AERB) which is in an advanced stage of finalization. This paper also gives the salient 
features of the decommissioning plan of a reference 220 MWe PHWR and important regulatory requirements 
thereof based on this draft safety guide.  

1. Indian nuclear power programme 
Nuclear power was ushered in India on 1969 with Tarapur Atomic Power Station (TAPS) comprising 
of two boiling water reactors. This station was set-up essentially to prove the technical viability of 
operating such units, which were at that time, considered largest in the Indian grid. This also provided 
opportunity to gain valuable experience in operation and maintenance of Nuclear Power Plants(NPP).  
These units have operated satisfactorily. As per the direction of AERB, the operating organization 
carried out comprehensive assessment of safety for further long term operation of units. Based on this 
study, extensive Inspection was done that showed healthiness of all Structures, Systems and 
Components (SSC). All identified upgradation of safety systems has also been completed to bring 
these units on par with current standards. 

Indian nuclear power programme is essentially based on Pressurized Heavy Water Reactor (PHWRs) 
using natural uranium as fuel and heavy water as moderator and coolant. First Unit of this type 
constructed in Rajasthan having capacity of 220 MWe commenced operation in 1973 (RAPS-I) and 
second unit in 1981 (RAPS-2). At present we have twelve PHWRs of this capacity operating at 
various places in India and one unit of 540 MWe. Four more units of 220 MWe and one more unit of 
540 MWe are under construction. Two units each of 1000 MWe of VVER type are also being built.  
We have designed 500 MWe Fast Breeder Reactor. Construction of one prototype unit of this design 
has started.  

2. Decommissioning strategy 
In India, all sites have several units of different ages. Hence, delayed decommissioning option would 
be preferred to minimize the radiation exposure during decommissioning.  This will also give time for 
improvement in tools and development of robotics techniques. Surveillance of the reactor during its 
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safe storage period (about 50 years) would not be a problem as it would be done by staff of other 
similar operating units at site.  

3. Utilization of operation & maintenance experience 
If operating organization has not carried out decommissioning activity earlier, it does not mean that 

operating organization has no knowledge on this subject.  A great deal can be learned from the repairs 
and modifications that have been done. Few examples of major activities whose experience would be 
valuable during decommissioning are described briefly in this paper. In RAPS Unit 2 & both units of 
MAPS (Madras Atomic Power Station) en-masse coolant channel replacement (EMCCR) has been 
successfully carried out. In MAPS, feeders pipe spool (2-7 meters) and all boilers of Primary Heat 
Transport (PHT) system were replaced. Decontamination of Primary Heat Transport (PHT) system is a 
regular feature in RAPS & MAPS. Experience gained from all these activities can be effectively 
utilized in preparing and executing decommissioning plan.  

3.1.  Boiler replacement 
There are four boilers on either side of reactor vessel. Each boiler consists of eleven hairpin heat 
exchanger mounted in parallel on an inlet and outlet heavy water manifold, a steam drum and 
connection to feed water system. There were few failures of these heat exchangers in both units of 
MAPS due to under deposit corrosion on secondary side (light water) near the tube sheet of hot leg of 
boiler. It was decided to replace all these heat exchangers in both units with improved features at the 
time of EMCCR. 

3.2.  Feeder replacement 
Primary Heat Transport system Inlet and Outlet to coolant channels is through carbon steel feeders.  
These feeders are connected to coolant channel assembly (End fitting) by High Pressure Feeder 
Coupling (HPFC). In India and abroad thinning of feeders especially at elbows have been observed 
due to flow assisted corrosion (FAC). In spite of thinning, Feeders had some residual life but so as to 
have its life comparable to new coolant channel assemblies, operating organization decided to replace 
2-7 meters length of all feeders containing thinned elbow in MAPS Unit-1 at the time of EMCCR.  
The new pipe material used (viz. SA 333 Grade-6 with Chromium content of 0.22% to 0.26%) has 
better resistance against FAC. The original pipe material was ASTM A 106 Grade B. Further new 
Elbows are Sch-160 in place of Sch-80.  

3.3.  En-masse coolant channel replacement (EMCCR) 
Early generation 220 MWe Indian PHWRs consists of 306 horizontal coolant channel assemblies each 
of which has 12 nos. of fuel bundles with shielding plugs and sealing plugs at either ends. The 
pressure tube (PT) made of Zircalloy-2 operates in the environment of high neutron flux at high 
temperature & pressure and their properties change during service. The factor which influence and 
limit the life of pressure tubes are the dimensional changes due to thermal creep, irradiation creep and 
growth, corrosion & hydrogen pick-up, cold spot caused at the point of contact of pressure tube and 
calandria tube etc. Health assessment of all coolant channels was ensured by Inservice Inspection and 
safe life of some channels was enhanced by repositioning of Garter Springs. But this can be done 
optimally upto certain time. Finally it is beneficial to do En-masse coolant channel replacement. This 
activity has been carried out in RAPS Unit-2 and both units of MAPS.  This involves going part way 
in the decommissioning path. Before commencement of EMCCR, defuelling, chemical 
decontamination and draining of primary heat transport system is done. Self Elevating Platform was 
used in both vaults for providing comfortable working space for requisite tooling and equipments and 
also providing adequate shielding.  

3.4.  Experience relevant to decommissioning 
Experience relevant to decommissioning gained from operation and maintenance activities can be 
summarized as follows: 

(a) PHT system decontamination; 

(b) Preparation of activity plan (similar to decommissioning plan); 

(c) Waste management plan; 

(d) Designing of automated/ semi automated/ manual tools; 

(e) Setting of limits and conditions on decommissioning activities; 

(f) Training & control of large number of contract workers; 

(g) Full scale mock-up facility for Training and finalization of procedures; 

(h) Preparation and execution of exhaustive Quality Assurance program; 

(i) Radiological coverage; 

(j) Estimation of collective dose consumption; 

(k) Planning for manoeuvering of large equipment through congested areas; 

(l) Regulatory review of such applications.  

4. Decommissioning experience 
Though we have not decommissioned any major nuclear facility but we have decommissioned small 
nuclear facilities like Research Reactor “Zerlina” and an old Thorium plant, which has provided us a 
feel of the decommissioning activities. 

5. Suggested decommissioning scheme of a typical NPP (PHWR Type) 
Based on experience gained so far and on present understanding, attempt has been made to evolve a 
possible decommissioning scheme for a nuclear power plant. As mentioned above we have sites with 
multiunit reactors of different ages, hence delayed decommissioning option would be most suitable. 
This would be performed in three stages as described below. 

5.1. Stage I 
The first stage of decommissioning broadly refers to the period immediately following final shutdown 
of the NPP. However preparation for this stage would have commenced few years before. Approved 
(from Regulatory Body) Decommissioning plan, Quality Assurance Manual, Waste Management 
Scheme, Organization structure for Decommissioning Activity, preparations for all activities identified 
in this stage etc should be ready before commencement of this stage.  

The first major activity is defuelling of reactor. Based on experience of EMCCR, so as to reduce 
tritium intake, PHT water would be substituted with demineralised light water till Isotopic Purity less 
than 10% is achieved. PHT system decontamination would also be done so as to reduce radiation 
fields. Heavy water from Moderator system would also be drained and system filled with light water. 
Technical Specification for operation would be applicable till defuelling is completed. Thereafter 
Technical Specifications prepared for the present stage of activities would become enforceable. All 
systems and components, which are not to be dismantled, would be kept in proper preservation mode. 

All conventional systems, which are identified, as not required for decommissioning work would be 
dismantled and disposed off.  

In parallel to above activities, radiological characterization of reactor components, finalization of 
dismantling tools/techniques, augmentation of waste management facility, detailed safety assessment 
of activities in next stages, plan for spent fuel transfer etc would also be performed. On completion of 
these activities, decommissioning plan for next stages would be submitted for review and approval by 
regulatory body.This stage of decommissioning may take 3-5 years. 

5.2. Stage II 
The activities of this stage may commence immediately after previous stage or there may be a gap of 
about 2-5 years.  

In this stage all radioactive systems external to reactor vault/biological shielding are dismantled and 
disposed off. The conventional systems not required during surveillance period or for next stage are 
also dismantled. 
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safe storage period (about 50 years) would not be a problem as it would be done by staff of other 
similar operating units at site.  
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possible decommissioning scheme for a nuclear power plant. As mentioned above we have sites with 
multiunit reactors of different ages, hence delayed decommissioning option would be most suitable. 
This would be performed in three stages as described below. 

5.1. Stage I 
The first stage of decommissioning broadly refers to the period immediately following final shutdown 
of the NPP. However preparation for this stage would have commenced few years before. Approved 
(from Regulatory Body) Decommissioning plan, Quality Assurance Manual, Waste Management 
Scheme, Organization structure for Decommissioning Activity, preparations for all activities identified 
in this stage etc should be ready before commencement of this stage.  

The first major activity is defuelling of reactor. Based on experience of EMCCR, so as to reduce 
tritium intake, PHT water would be substituted with demineralised light water till Isotopic Purity less 
than 10% is achieved. PHT system decontamination would also be done so as to reduce radiation 
fields. Heavy water from Moderator system would also be drained and system filled with light water. 
Technical Specification for operation would be applicable till defuelling is completed. Thereafter 
Technical Specifications prepared for the present stage of activities would become enforceable. All 
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All conventional systems, which are identified, as not required for decommissioning work would be 
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these activities, decommissioning plan for next stages would be submitted for review and approval by 
regulatory body.This stage of decommissioning may take 3-5 years. 

5.2. Stage II 
The activities of this stage may commence immediately after previous stage or there may be a gap of 
about 2-5 years.  

In this stage all radioactive systems external to reactor vault/biological shielding are dismantled and 
disposed off. The conventional systems not required during surveillance period or for next stage are 
also dismantled. 
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Our experience in decommissioning of small facilities indicates that in case, equipments of both active 
and non-active systems are close-by, first active components should be dismantled and removed to 
reduce collective dose. 

Regulatory Body would give clearance for this stage after thorough review of Safety Assessment 
report, Waste Management plan, Quality Assurance Programme, Technical Specification, ascertaining 
adoption of robotics /remote handling tools for high dose activities. 

During this stage all fuel transfer from fuel storage bay would also be completed and thereafter 
decommissioning of building housing fuel storage bays and systems/equipments located in this 
building would also be executed. This stage may take 2-5 years for completion. 

5.3. Safe storage period 
During the long period (about 50 years, so that activity due to 60Co, 55Fe, 63Ni has decayed.) between 
Stage II and Stage III, the Reactor Building and other buildings housing radioactive materials would 
be under Safe Storage. During this period, a surveillance and maintenance programme would have to 
be implemented to the satisfaction of AERB. Access controls are to be properly implemented to 
prevent unauthorized persons from entering safe enclosure area. The safe storage period should also 
take into account development of safety problems, which could complicate the eventual final 
dismantling stage. (e.g deterioration of supports/equipments/civil structures). 

5.4. Stage III 
During this stage all the equipments/components lying enclosed in reactor vault/biological shields are 
to be dismantled, segmented, if felt necessary and disposed off. This is the most difficult stage and it 
demands use of sophisticated remote operated special purpose tools/manipulators and their satisfactory 
demonstration at mock-up along with mitigating measures during various anticipated contingencies. 

All areas are to be checked for contamination and necessary steps are to be taken to ensure that all 
areas are clean and acceptable by regulatory body. The end state of this stage would be clean site 
suitable for any activity. This would end the regulatory control on the operating organization for this 
site.

5.5. Waste management 
Decommissioning of NPP will invariably involve generation of large amount of radioactive waste 
including some waste that is different in characteristics from normal operational waste. A waste 
management plan which is an important part of overall decommissioning plan, should consider 
different categories of waste produced and aim at reducing its quantum and safe management. The 
following constitute essential elements of such a plan: 

(a) The origin, amount, category and nature of the different types of wastes likely to be generated 
during decommissioning and their potential impact on the workers, public and environment; 

(b) Criteria for segregation of waste materials; 

(c) Waste minimization practices and strategies for possible reuse and recycle of materials, 
equipments and premises; 

(d) Procedures for monitoring radioactivity particularly for the materials to be reused and the 
relevant analytical aspects; 

(e) Details regarding proposed treatment, conditioning, packaging, transportation, storage and 
disposal modes; 

(f) Industrial safety and chemical hazards associated with activities of decontamination, 
dismantling and waste management. 

In India, all sites have adequate land for near surface disposal of low and intermediate level 
radioactive waste generated during normal operation and decommissioning. Conditioning and 
treatment facilities for high level waste are also available and their augmentation work is in progress. 
High level conditioned waste would be stored in suitable retrievable storage facilities till permanent 
disposal facilities are available. 

Spent fuel is likely to be stored in Away from Reactor Fuel storage facilities. Decision at that point of 
time would be taken as to when and where to process the spent fuel for recovery of fuel material.  

6. Regulatory requirements 
Safety Guide specifying regulatory requirements is in an advanced stage of release. Some of the 
important regulatory requirements in brief are given below: 

� During design stage, provisions to facilitate decommissioning are to be identified in the design 
report and  conceptual  decommissioning plan to be submitted for review. 

During operational phase, revised decommissioning plan (based on operational experience and 
changes incorporated in plant) is to be periodically submitted for review. 

Five years before expiry of operating license either an application for extension of the operating 
authorization beyond the design life or application for decommissioning containing the detailed plan 
supported by safety assessment relevant to decommissioning is to be submitted for review. Regulatory 
control of decommissioning will be done by a single overall license, or by separate licenses (for each 
phase) whichever is considered to be most appropriate under the circumstances. Work would be 
commenced only after approval of selected decommissioning option, decommissioning plan, quality 
assurance programme and other submissions related to decommissioning. 

� In case decommissioning is to be carried out in multiple phases/stages, then technical 
specifications for each phase of decommissioning should be prepared and approval obtained. In 
addition, the following submissions are also to be made: 

a) Surveillance and maintenance programme for safety related SSC during the entire 
decommissioning period; 

b) Existing or new systems or programmes necessary for maintaining the installation under proper 
control, such as engineered barriers, ventilation, drainage and safety monitoring to be made; 

c) Systems to be installed or replaced to carry out deferred dismantling; 

d) The frequency at which the above items are to be reviewed; and 

e) Number of staff needed and their qualifications, during the period of deferment 

� Periodic reports are to be submitted and in case of any significant event, the report of the event 
is to be submitted within the specified time limit; 

� Regulatory body inspection team would carry out inspection at specified intervals; 

� All relevant documents and records of decommissioning are to be maintained for an agreed 
period to a specified quality and easy retrieval; 

� Final decommissioning report including final radiological survey is to be submitted. The 
contents of report and radiological survey are specified. 

There are many clauses for ensuring safety such as for waste management, transportation of active 
waste, establishment of emergency planning, safe practices to be observed during decontamination, 
cutting etc. 

7. Conclusion 
In view of enormous relevant decommissioning Operation & Maintenance experience, satisfactory 
execution of en-masse coolant channel replacement, decommissioning experience of small nuclear 
facilities, finalisation of regulatory requirements for decommissioning, we are fully prepared to safely 
carry out decommissioning of any Nuclear power plant at any time.  
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building would also be executed. This stage may take 2-5 years for completion. 
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cutting etc. 
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Some issues relevant to the development of the Armenian NPP decommissioning plan 

A. Gevorgyan 

Department of Atomic Energy, 
Ministry of Energy of RA, 
Yerevan,
Armenia 

Abstract.  In this paper, an attempt was made to describe the decommissioning options and estimate their 
costs for the decision-makers selection. The preferable option that was obtained as the result of the work carried out 
by both the USA PNLL and the TACIS SOGIN was SAFSTOR/DECON (II). The cost of that option for the ANPP 
decommissioning is also comparable with the costs of the decommissioning of other nuclear units in the countries 
operating the same type of reactors.   

The purpose of the development of the decommissioning plan is to identify and evaluate feasible decommissioning 
options for the Armenian NPP (ANPP). So, the purpose of this plan is both to select a preferred option, and to 
provide data and information needed by decision-makers. Relevant work has been carried out since 2000 in the 
frame of the USA DOE and TACTS programs. The work has been implemented by foreign experts and Armenian 
specialists. During program implementation, some important activities have been completed. Much more additional 
information will be needed before final decisions can be made. During the evaluation of alternatives, specific options 
were clearly identified as being much more feasible from an economic standpoint and so some alternatives are not 
recommended to be carried forward. 

The ANPP consists of two power units of WWER-440 (V-270 project) type of reactors having design life-time of 30 
years. Unit 1 of the ANPP was put into operation on 22nd December 1976, Unit 2 - on 5th January 1980.  During the 
1988 Spitak earthquake, the power units of the ANPP remained in operation. Although all the ANPP equipment, as 
well as the protection and control systems continued their stable and safe operation, the Council of Ministers of the 
USSR made a decision to shut the ANPP down, and the power units were stopped in Spring of 1989 without any 
appropriate decommissioning plan.  In April 1993, the Government of Armenia made a decision to restart Unit 2 of 
the ANPP aiming at overcoming the energy crisis broken out after the country had gained its independence. Unit 2 of 
the ANPP was re-commissioned in November 1995 and has been in operation up to now. Unit 1 has remained in a 
stand-still regime since its shutdown. To perform the decommissioning of both power units separately is impossible 
because the two reactors share one reactor building.   

Three fundamental issues were discussed and evaluated during the development of the decommissioning plan: 

� Decontamination and decommissioning of the ANPP systems and structures; 

� Long-term management of spent nuclear fuel; 

� Long-term management of liquid and solid radioactive waste. 

1. Decontamination and decommissioning (D&D) 
In the frame of the USA PNLL program, the following four basic decommissioning strategies were 
considered:

1. Immediate Dismantlement (DECON). In this alternative, the plant is decontaminated and 
dismantled within about 10 years after the plant is permanently shutdown; 

2. Immediate Entombment (ENTOMB). In this alternative, the plant is decontaminated to the extent 
necessary and entombed in place within about 10 years after the plant is permanently shutdown; 

3. Delayed Dismantlement. Two delayed dismantlement alternatives are evaluated. In these options, 
decontamination and dismantlement of the plant is delayed for 50 years after permanent shutdown 
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Three fundamental issues were discussed and evaluated during the development of the decommissioning plan: 

� Decontamination and decommissioning of the ANPP systems and structures; 

� Long-term management of spent nuclear fuel; 

� Long-term management of liquid and solid radioactive waste. 

1. Decontamination and decommissioning (D&D) 
In the frame of the USA PNLL program, the following four basic decommissioning strategies were 
considered:

1. Immediate Dismantlement (DECON). In this alternative, the plant is decontaminated and 
dismantled within about 10 years after the plant is permanently shutdown; 

2. Immediate Entombment (ENTOMB). In this alternative, the plant is decontaminated to the extent 
necessary and entombed in place within about 10 years after the plant is permanently shutdown; 

3. Delayed Dismantlement. Two delayed dismantlement alternatives are evaluated. In these options, 
decontamination and dismantlement of the plant is delayed for 50 years after permanent shutdown 
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allowing significant decay of the radioactivity within the plant systems and structures. During the 
interim storage period, referred to as SAFSTOR, the plant facilities are maintained in a safe, stable 
condition. The options are as follows:

� SAFSTOR/DECON(I). In this alternative, the spent nuclear fuel is moved into dry storage within 
four years after permanent shutdown, allowing shutdown of all plant safety systems and most 
auxiliary systems. Most decontamination and dismantlement of plant systems is delayed for 50 
years. 

� SAFSTOR/DECON(II). In this alternative, the spent nuclear fuel is moved into dry storage about 25 
years after permanent shutdown, requiring continued operation of many of the plant safety and 
auxiliary systems. Decontamination and dismantlement of the plant is then delayed for another 25 
years. 

4. Delayed Entombment. Two delayed entombment alternatives are evaluated.  Similar to the delayed 
dismantlement options, in these options entombment of the plant is delayed for 50 years after 
permanent shutdown. During the SAFSTOR period, plant systems and structures are maintained in 
a safe, stable condition. The options are as follows: 

� SAFSTOR/ENTOMB(I). In this alternative, the spent nuclear fuel is moved into dry storage within 
four years after permanent shutdown, allowing shutdown of all plant safety systems and most 
auxiliary systems. Entombment of the plant is delayed for 50 years. 

� SAFSTOR/ENTOMB(II). In this alternative, the spent nuclear fuel is moved into dry storage about 
25 years after permanent shutdown, requiring continued operation of many of the plant safety and 
auxiliary systems. Entombment of the plant is then delayed for another 25 years. 

The lowest cost alternatives are the ENTOMB and DECON options where decommissioning is completed 
within about 15 years after permanent shutdown. The cost of these alternatives was estimated to be $95 
million and $115 million, respectively. The cost of the SAFSTOR/ENTOMB alternatives ranged from 
$146 million to $225 million depending on how soon the spent nuclear fuel was removed from the reactor 
building and placed into dry storage (between 10 and 25 years, respectively, after permanent shutdown).  
For the same reasons, the cost of the SAFSTOR/DECON alternatives ranged from $166 million to $245 
million.

2. Long-term management of spent nuclear fuel 
The ANPP will have up to 1900 spent nuclear fuel assemblies on site after permanent shutdown of the 
plant by 2016 when its life-time is over. These fuel assemblies will need to be removed from the plant 
prior to decommissioning of the reactor building. A number of alternatives were identified and evaluated 
in this plan, including continued wet storage in the reactor building, interim dry storage at the ANPP site 
or another site within Armenia, and removal of the spent fuel to another country for interim storage and/or 
disposition. Interim dry storage at the ANPP site is the most feasible option for the following reasons: 

� While continued wet storage has a low initial capital cost, relative to the other options, about $5.9 
million, it has a high annual cost of about $4.2 million to continue operating safety and auxiliary 
systems at the plant that would not be needed otherwise.  Over 50 years, this annual cost adds up to 
$209 million. Furthermore, the spent fuel will eventually need to be removed from the reactor 
building before the plant can be completely decommissioned. 

� A dry storage facility for 616 assemblies of spent nuclear fuel is in operation at the ANPP site, and 
it is planned to begin the construction of its second stage soon. Out of the alternatives other than 
continued wet storage, this option has the lowest capital cost ($26 million) and a low annual 
operating cost of about $220 thousand. 

� Implementing dry storage at another site within Armenia has a much higher capital cost ($40 
million, which does not include transportation costs expected to exceed $10 million) than expansion 
of the existing dry storage facility at the ANPP site. Also, since ANPP is the only “nuclear site” 
within Armenia, it makes little sense to move the spent fuel to another site including the associated 
challenges of identifying, evaluating, and selecting an appropriate site (not to mention infrastructure 
upgrades that may be required to access and use the selected site). 

� Transporting the fuel to another country, such as Russia, for interim storage and/or final disposition 
has a significantly higher cost ($90 million for interim storage and $350 million for final 
disposition) than any of other alternatives. 

For these reasons, while all of the alternatives are evaluated and discussed in this plan, expansion of the 
ANPP dry storage facility is the option that is considered to be most feasible at this time. 

3. Long-term radioactive waste management 
All solid and liquid radioactive wastes that have been generated throughout the operational life of the 
ANPP are currently in interim storage on the plant site in various facilities. These wastes include low-
level, medium-level, and high-level solid wastes and liquid radioactive wastes. The volume of this waste 
at the time of permanent shutdown of the plant is projected to be about 12,600 m3, the majority (about 
64%) of which is solid low-level waste. Decommissioning activities are projected to generate another 
48,000 m3 before processing, or about 17,000 m3 after processing. 

Because of the unique characteristics of each class of radioactive waste, each must be processed, interim 
stored, and disposed in uniquely different ways. Furthermore, how the radioactive waste is managed will 
depend upon the decommissioning option being implemented (the alternatives considered are discussed in 
the next section below). In general, however, alternatives considered include: 

� Interim Storage.  Two general alternatives were considered: 1) continued storage of each waste 
class in its current storage facility (which are low-level waste in the low-level waste storage facility, 
medium-level waste in the Special Building, and high-level waste in the reactor building) and 2) 
moving the wastes to the reactor building for interim storage. In addition, for the high-level waste 
only, above-ground vaults (same as used for the spent nuclear fuel) were an alternative evaluated 
for interim storage. Interim storage was assumed to continue for 25 to 50 years after permanent 
shutdown of the plant followed by permanent disposal. 

� Permanent Disposal. Alternatives considered for disposal of the radioactive waste include:  
1) converting the existing low-level waste storage facility to a near-surface disposal vault (expanded 
as necessary to allow disposal of all of the decommissioning waste), 2) constructing a new near-
surface disposal vault facility, and converting the reactor building into a disposal vault (referred to 
as entombment, which is discussed further in the next section below). 

� Processing. Low-level waste was assumed to be compacted where possible and packaged in metal 
boxes.  Liquid waste was assumed to be evaporated.  Medium-level waste was assumed to be over 
packed in high-integrity containers. High-level waste was assumed to be either cut up as necessary 
or encapsulated in place. 

For the same reasons as given above for the spent nuclear fuel, the most feasible solution at this time for 
the processing and long-term storage and/or disposal of the radioactive waste is the option assuming that 
the systems and facilities performing these functions are located at the ANPP site. The cost of radioactive 
waste management was estimated to range from about $20.2 million for the alternative of using the reactor 
building as a disposal facility (entombment) to $39.1 million to dispose of all of the radioactive waste in a 
separate disposal facility located on the ANPP site. 
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allowing significant decay of the radioactivity within the plant systems and structures. During the 
interim storage period, referred to as SAFSTOR, the plant facilities are maintained in a safe, stable 
condition. The options are as follows:

� SAFSTOR/DECON(I). In this alternative, the spent nuclear fuel is moved into dry storage within 
four years after permanent shutdown, allowing shutdown of all plant safety systems and most 
auxiliary systems. Most decontamination and dismantlement of plant systems is delayed for 50 
years. 

� SAFSTOR/DECON(II). In this alternative, the spent nuclear fuel is moved into dry storage about 25 
years after permanent shutdown, requiring continued operation of many of the plant safety and 
auxiliary systems. Decontamination and dismantlement of the plant is then delayed for another 25 
years. 

4. Delayed Entombment. Two delayed entombment alternatives are evaluated.  Similar to the delayed 
dismantlement options, in these options entombment of the plant is delayed for 50 years after 
permanent shutdown. During the SAFSTOR period, plant systems and structures are maintained in 
a safe, stable condition. The options are as follows: 

� SAFSTOR/ENTOMB(I). In this alternative, the spent nuclear fuel is moved into dry storage within 
four years after permanent shutdown, allowing shutdown of all plant safety systems and most 
auxiliary systems. Entombment of the plant is delayed for 50 years. 

� SAFSTOR/ENTOMB(II). In this alternative, the spent nuclear fuel is moved into dry storage about 
25 years after permanent shutdown, requiring continued operation of many of the plant safety and 
auxiliary systems. Entombment of the plant is then delayed for another 25 years. 

The lowest cost alternatives are the ENTOMB and DECON options where decommissioning is completed 
within about 15 years after permanent shutdown. The cost of these alternatives was estimated to be $95 
million and $115 million, respectively. The cost of the SAFSTOR/ENTOMB alternatives ranged from 
$146 million to $225 million depending on how soon the spent nuclear fuel was removed from the reactor 
building and placed into dry storage (between 10 and 25 years, respectively, after permanent shutdown).  
For the same reasons, the cost of the SAFSTOR/DECON alternatives ranged from $166 million to $245 
million.

2. Long-term management of spent nuclear fuel 
The ANPP will have up to 1900 spent nuclear fuel assemblies on site after permanent shutdown of the 
plant by 2016 when its life-time is over. These fuel assemblies will need to be removed from the plant 
prior to decommissioning of the reactor building. A number of alternatives were identified and evaluated 
in this plan, including continued wet storage in the reactor building, interim dry storage at the ANPP site 
or another site within Armenia, and removal of the spent fuel to another country for interim storage and/or 
disposition. Interim dry storage at the ANPP site is the most feasible option for the following reasons: 

� While continued wet storage has a low initial capital cost, relative to the other options, about $5.9 
million, it has a high annual cost of about $4.2 million to continue operating safety and auxiliary 
systems at the plant that would not be needed otherwise.  Over 50 years, this annual cost adds up to 
$209 million. Furthermore, the spent fuel will eventually need to be removed from the reactor 
building before the plant can be completely decommissioned. 

� A dry storage facility for 616 assemblies of spent nuclear fuel is in operation at the ANPP site, and 
it is planned to begin the construction of its second stage soon. Out of the alternatives other than 
continued wet storage, this option has the lowest capital cost ($26 million) and a low annual 
operating cost of about $220 thousand. 

� Implementing dry storage at another site within Armenia has a much higher capital cost ($40 
million, which does not include transportation costs expected to exceed $10 million) than expansion 
of the existing dry storage facility at the ANPP site. Also, since ANPP is the only “nuclear site” 
within Armenia, it makes little sense to move the spent fuel to another site including the associated 
challenges of identifying, evaluating, and selecting an appropriate site (not to mention infrastructure 
upgrades that may be required to access and use the selected site). 

� Transporting the fuel to another country, such as Russia, for interim storage and/or final disposition 
has a significantly higher cost ($90 million for interim storage and $350 million for final 
disposition) than any of other alternatives. 

For these reasons, while all of the alternatives are evaluated and discussed in this plan, expansion of the 
ANPP dry storage facility is the option that is considered to be most feasible at this time. 

3. Long-term radioactive waste management 
All solid and liquid radioactive wastes that have been generated throughout the operational life of the 
ANPP are currently in interim storage on the plant site in various facilities. These wastes include low-
level, medium-level, and high-level solid wastes and liquid radioactive wastes. The volume of this waste 
at the time of permanent shutdown of the plant is projected to be about 12,600 m3, the majority (about 
64%) of which is solid low-level waste. Decommissioning activities are projected to generate another 
48,000 m3 before processing, or about 17,000 m3 after processing. 

Because of the unique characteristics of each class of radioactive waste, each must be processed, interim 
stored, and disposed in uniquely different ways. Furthermore, how the radioactive waste is managed will 
depend upon the decommissioning option being implemented (the alternatives considered are discussed in 
the next section below). In general, however, alternatives considered include: 

� Interim Storage.  Two general alternatives were considered: 1) continued storage of each waste 
class in its current storage facility (which are low-level waste in the low-level waste storage facility, 
medium-level waste in the Special Building, and high-level waste in the reactor building) and 2) 
moving the wastes to the reactor building for interim storage. In addition, for the high-level waste 
only, above-ground vaults (same as used for the spent nuclear fuel) were an alternative evaluated 
for interim storage. Interim storage was assumed to continue for 25 to 50 years after permanent 
shutdown of the plant followed by permanent disposal. 

� Permanent Disposal. Alternatives considered for disposal of the radioactive waste include:  
1) converting the existing low-level waste storage facility to a near-surface disposal vault (expanded 
as necessary to allow disposal of all of the decommissioning waste), 2) constructing a new near-
surface disposal vault facility, and converting the reactor building into a disposal vault (referred to 
as entombment, which is discussed further in the next section below). 

� Processing. Low-level waste was assumed to be compacted where possible and packaged in metal 
boxes.  Liquid waste was assumed to be evaporated.  Medium-level waste was assumed to be over 
packed in high-integrity containers. High-level waste was assumed to be either cut up as necessary 
or encapsulated in place. 

For the same reasons as given above for the spent nuclear fuel, the most feasible solution at this time for 
the processing and long-term storage and/or disposal of the radioactive waste is the option assuming that 
the systems and facilities performing these functions are located at the ANPP site. The cost of radioactive 
waste management was estimated to range from about $20.2 million for the alternative of using the reactor 
building as a disposal facility (entombment) to $39.1 million to dispose of all of the radioactive waste in a 
separate disposal facility located on the ANPP site. 
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There is a strong case to be made for using the reactor building as the final disposal vault for the 
radioactive waste. Not only is it considerably less costly, but it makes little technical sense to move the 
radioactive waste from one area on the ANPP site to another area just a couple of hundred meters away.  
Also, the foundation and structure composing the reactor building is a vastly more robust engineered 
structure for the containment of radioactive waste than the low-level waste disposal facility. 

The total cost of each decommissioning alternative is summarized in Figure 1 (all costs are in constant 
1999 dollars). The total cost includes D&D activities, radioactive waste management, and spent nuclear 
fuel management as discussed above. It can also include the cost of demolition of uncontaminated 
building and structures as shown in the figure, although these facilities can also be reused for other 
purposes depending upon future uses for the ANPP site. The lowest cost alternatives are those that convert 
the reactor building into a disposal facility for radioactive waste and entomb the entire structure in place 
and those that move the spent nuclear fuel into dry storage as soon as possible. Also, while deferring 
decommissioning will substantially increase the total constant dollar cost of decommissioning, it does 
allow time for the accumulation of a decommissioning fund that, with accrued interests, reduces the near 
term financing burden. 

Figure 1.  Estimated Cost of Decommissioning Alternatives (Constant 1999 Dollars) 

4. Comparison with tacis-funded decommissioning cost estimate 

The ANPP decommissioning cost estimate that was calculated through the  EC TACIS program was about 
935M European Currency Units (ECU) which is considered equivalent to the U.S. dollar. This estimate is 
substantially higher than the estimates for any of the decommissioning alternatives evaluated by the USA 
PNNL.

Figure 2 provides a comparison of the cost estimates for the TACIS-funded study and the SAFSTOR(II) 
alternative in this study, which most closely matches the scenario evaluated in the TACIS study.  About 
84% of the difference in the two estimates is in the Final Decommissioning and Dismantlement Phase.  
Since this phase does not begin for at least 50 years and therefore is not as important to near-term 
planning, the focus of this comparison will be on the reasons for the differences in the Planning, Post-
Operation, and SAFSTOR Preparation Phase and in the SAFSTOR Phase. 
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Figure 2. Comparison of Different ANPP Decommissioning Cost Estimates 

Table 1 provides a more detailed break-down of the cost estimates for the two studies, especially for the 
first two decommissioning phases.  The table shows the duration in years of each phase, the total number 
of man-years of Armenian labor assumed for each phase and the average annual cost of this labor, and the 
decommissioning cost for each phase.  Cost is further divided into cost of Armenian labor and direct costs, 
which principally includes technical assistance provided by the industrialized countries and procurements 
of equipment and materials. As can be seen in the table, over 75% of the cost difference in the first two 
decommissioning phases is due to differences in assumptions about the amount of Armenian labor 
required to perform the work and the unit cost of this labor. The major differences in assumptions between 
the two studies is as follows: 

The assumption in this plan is that the staffing level at the plant drops within the first year after permanent 
shutdown to about 580 workers, corresponding to the completion of de-fueling of the reactor core and thus 
eliminating the need for regular maintenance and operation of most safety systems. This staffing level is 
maintained throughout the Deactivation and SAFSTOR Preparation Phase. During the 50-year SAFSTOR 
period, the staffing level is assumed to be maintained at about 130 workers/year. These staffing levels are 
based on a bottoms-up estimate of the number and types of labor needed over time (assumed to be higher 
than for U.S. D&D projects by up to a factor of 2, depending on the decommissioning activity). The 
economic impact of the loss of employment of over 1,000 workers is a socio-economic cost that is not 
addressed in this plan. 

In the TACIS-funded study, the staffing level is assumed to be maintained at 1,900 workers/yr for the first 
5 years after shutdown (about the same as the current plant employment level). This level decreases yearly 
for 5 years to a level of 1,200 workers/yr. Employment levels continue to decrease gradually during the 
SAFSTOR Phase, reaching a low of about 190 workers/year toward the end of the SAFSTOR Phase. 

Athens - Book of Contributed Papers A4.indd   268 2006-11-06   13:33:09



269

0

50

100

150

200

250

300

350

400

Decommissioning Alternative

C
os

t (
$ 

m
ill

io
ns

)

Demolition of Clean Structures
Spent Nuclear Fuel Management
Radioactive Waste Management
D&D Activities

Demolition of Clean Structures 25 25 25 25 25 25

Spent Nuclear Fuel Management 34 34 34 34 34 34

Radioactive Waste Management 39 36 33 21 20 20

D&D Activities 115 245 166 95 225 146

DECON SAFSTOR/ 
DECON(I)

SAFSTOR/ 
DECON(II)

ENTOMB ENTOMB/ 
SAFSTOR(I)

ENTOMB/ 
SAFSTOR(II)

$213 M

$339 M

$258 M

$174 M

$304 M

$225 M

There is a strong case to be made for using the reactor building as the final disposal vault for the 
radioactive waste. Not only is it considerably less costly, but it makes little technical sense to move the 
radioactive waste from one area on the ANPP site to another area just a couple of hundred meters away.  
Also, the foundation and structure composing the reactor building is a vastly more robust engineered 
structure for the containment of radioactive waste than the low-level waste disposal facility. 

The total cost of each decommissioning alternative is summarized in Figure 1 (all costs are in constant 
1999 dollars). The total cost includes D&D activities, radioactive waste management, and spent nuclear 
fuel management as discussed above. It can also include the cost of demolition of uncontaminated 
building and structures as shown in the figure, although these facilities can also be reused for other 
purposes depending upon future uses for the ANPP site. The lowest cost alternatives are those that convert 
the reactor building into a disposal facility for radioactive waste and entomb the entire structure in place 
and those that move the spent nuclear fuel into dry storage as soon as possible. Also, while deferring 
decommissioning will substantially increase the total constant dollar cost of decommissioning, it does 
allow time for the accumulation of a decommissioning fund that, with accrued interests, reduces the near 
term financing burden. 

Figure 1.  Estimated Cost of Decommissioning Alternatives (Constant 1999 Dollars) 

4. Comparison with tacis-funded decommissioning cost estimate 

The ANPP decommissioning cost estimate that was calculated through the  EC TACIS program was about 
935M European Currency Units (ECU) which is considered equivalent to the U.S. dollar. This estimate is 
substantially higher than the estimates for any of the decommissioning alternatives evaluated by the USA 
PNNL.

Figure 2 provides a comparison of the cost estimates for the TACIS-funded study and the SAFSTOR(II) 
alternative in this study, which most closely matches the scenario evaluated in the TACIS study.  About 
84% of the difference in the two estimates is in the Final Decommissioning and Dismantlement Phase.  
Since this phase does not begin for at least 50 years and therefore is not as important to near-term 
planning, the focus of this comparison will be on the reasons for the differences in the Planning, Post-
Operation, and SAFSTOR Preparation Phase and in the SAFSTOR Phase. 
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Figure 2. Comparison of Different ANPP Decommissioning Cost Estimates 

Table 1 provides a more detailed break-down of the cost estimates for the two studies, especially for the 
first two decommissioning phases.  The table shows the duration in years of each phase, the total number 
of man-years of Armenian labor assumed for each phase and the average annual cost of this labor, and the 
decommissioning cost for each phase.  Cost is further divided into cost of Armenian labor and direct costs, 
which principally includes technical assistance provided by the industrialized countries and procurements 
of equipment and materials. As can be seen in the table, over 75% of the cost difference in the first two 
decommissioning phases is due to differences in assumptions about the amount of Armenian labor 
required to perform the work and the unit cost of this labor. The major differences in assumptions between 
the two studies is as follows: 

The assumption in this plan is that the staffing level at the plant drops within the first year after permanent 
shutdown to about 580 workers, corresponding to the completion of de-fueling of the reactor core and thus 
eliminating the need for regular maintenance and operation of most safety systems. This staffing level is 
maintained throughout the Deactivation and SAFSTOR Preparation Phase. During the 50-year SAFSTOR 
period, the staffing level is assumed to be maintained at about 130 workers/year. These staffing levels are 
based on a bottoms-up estimate of the number and types of labor needed over time (assumed to be higher 
than for U.S. D&D projects by up to a factor of 2, depending on the decommissioning activity). The 
economic impact of the loss of employment of over 1,000 workers is a socio-economic cost that is not 
addressed in this plan. 

In the TACIS-funded study, the staffing level is assumed to be maintained at 1,900 workers/yr for the first 
5 years after shutdown (about the same as the current plant employment level). This level decreases yearly 
for 5 years to a level of 1,200 workers/yr. Employment levels continue to decrease gradually during the 
SAFSTOR Phase, reaching a low of about 190 workers/year toward the end of the SAFSTOR Phase. 
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Duration
(years) (man-years) (ECU/man-year) Labor Direct Total

Planning, Post Operation, and 
SAFETOR Preparation 10           16,500         3,940                   65      65      130
SAFSTOR 40           12,400         8,060                   100    45      145
Final Decommissioning and 
Dismantlement 10           NA NA NA NA 660
Total 60           NA NA NA NA 935

Duration
(years) (man-years) ($/man-year) Labor Direct Total

Planning, Post Operation, and 
SAFSTOR Preparation 12           4,200           7,780                   33      63      96
SAFSTOR 50           6,400           7,330                   47      20      67
Final Decommissioning and 
Dismantlement 7             6,600           9,890                   65 22      87
Total 69           17,200         8,420                   145 105    250

Decommissioning Phase

Cost (ECU millions)
TACIS-Funded Study

Preliminary Armenia NPP Decommissioning Plan
Cost ($ millions)

Decommissioning Phase
Armenian Labor

Armenian Labor

Table 1. Detailed Comparison of Different Cost Estimates 

The cost of Armenian labor in this plan was based on actual monthly labor costs for different labor 
categories as negotiated in contracts between Armenian companies and U.S.-based Pacific Northwest 
National Laboratory. These labor costs (in 1999 dollars) were held constant throughout the entire 
decommissioning period. The $/man-year reported in Table 1.1 varies for the three decommissioning 
periods because of different assumptions about the mix of labor categories required to perform the work in 
each phase. 

From 2000 to 2008, the TACIS-funded study assumed the average cost of labor will be doubled for the 
population of the Republic of Armenia as a whole, and will total 400 ECU/month. This average labor cost 
will gradually increase throughout the decommissioning period up to 1,400 ECU/month in the year 2050.   

Estimates of Direct costs are similar for the two studies, especially for the Planning, Post-Operation, and 
SAFSTOR Preparation Phase.   

The PNNL SAFSTOR /DECON (II) decommissioning cost was compared with the same option costs of 
the other countries operating the reactors of WWER- 440 type. The results of that comparison are shown 
in Figures 3 and 4. 

Figure 3. Estimated specific decommissioning costs (SAFSTOR) 

Figure 4. Summarised decommissioning costs (SAFSTOR) 

5. Conclusion 
An important consideration in the decommissioning of the ANPP is whether the ANPP site will be used as 
the final disposal site or, at the very least, long-term interim storage site for spent nuclear fuel and 
radioactive waste.  It makes little technical or economic sense to move these materials away from this site 
to another site in Armenia unless there are long-term performance assessment issues with the site or future 
planned uses for the site preclude this use (this plan assumes the site is acceptable from both points).  
Efforts need to be initiated with the Armenia Nuclear Regulatory Administration (ANRA) to identify the 
regulatory criteria for converting the ANPP site to a long-term interim storage/disposal site and to assess 
the long-term environmental impacts from using the site for this purpose. 

If the ANPP site is an acceptable disposal site for radioactive waste, then using the reactor building as an 
entombment structure makes good technical sense because of its robust engineered barrier features and 
because this option has a substantially lower cost than dismantlement. This issue needs to be worked with 
ANRA to determine the viability and acceptability of entombment and its criteria for implementation. 

It is necessary that ANRA establish the requirements for the decommissioning process. This includes 
establishing the requirements for transitioning from the operating license for the ANPP to a permanent 
shutdown and/or decommissioning license. 

ANPP has generated significant radioactive waste throughout its operating life and will generate large 
additional volumes during decommissioning. The long-term interim storage/disposal of this waste at the 
ANPP site or elsewhere requires establishing and maintaining quality records about the characteristics and 
radioactivity content of the waste. 

The medium-level waste currently kept in interim storage at the ANPP is currently not in an acceptable 
form for long-term interim storage or disposal. This waste should be retrieved and processed as required to 
permit eventual disposal. 
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Total 60           NA NA NA NA 935

Duration
(years) (man-years) ($/man-year) Labor Direct Total

Planning, Post Operation, and 
SAFSTOR Preparation 12           4,200           7,780                   33      63      96
SAFSTOR 50           6,400           7,330                   47      20      67
Final Decommissioning and 
Dismantlement 7             6,600           9,890                   65 22      87
Total 69           17,200         8,420                   145 105    250

Decommissioning Phase

Cost (ECU millions)
TACIS-Funded Study

Preliminary Armenia NPP Decommissioning Plan
Cost ($ millions)

Decommissioning Phase
Armenian Labor

Armenian Labor

Table 1. Detailed Comparison of Different Cost Estimates 

The cost of Armenian labor in this plan was based on actual monthly labor costs for different labor 
categories as negotiated in contracts between Armenian companies and U.S.-based Pacific Northwest 
National Laboratory. These labor costs (in 1999 dollars) were held constant throughout the entire 
decommissioning period. The $/man-year reported in Table 1.1 varies for the three decommissioning 
periods because of different assumptions about the mix of labor categories required to perform the work in 
each phase. 

From 2000 to 2008, the TACIS-funded study assumed the average cost of labor will be doubled for the 
population of the Republic of Armenia as a whole, and will total 400 ECU/month. This average labor cost 
will gradually increase throughout the decommissioning period up to 1,400 ECU/month in the year 2050.   

Estimates of Direct costs are similar for the two studies, especially for the Planning, Post-Operation, and 
SAFSTOR Preparation Phase.   

The PNNL SAFSTOR /DECON (II) decommissioning cost was compared with the same option costs of 
the other countries operating the reactors of WWER- 440 type. The results of that comparison are shown 
in Figures 3 and 4. 

Figure 3. Estimated specific decommissioning costs (SAFSTOR) 

Figure 4. Summarised decommissioning costs (SAFSTOR) 

5. Conclusion 
An important consideration in the decommissioning of the ANPP is whether the ANPP site will be used as 
the final disposal site or, at the very least, long-term interim storage site for spent nuclear fuel and 
radioactive waste.  It makes little technical or economic sense to move these materials away from this site 
to another site in Armenia unless there are long-term performance assessment issues with the site or future 
planned uses for the site preclude this use (this plan assumes the site is acceptable from both points).  
Efforts need to be initiated with the Armenia Nuclear Regulatory Administration (ANRA) to identify the 
regulatory criteria for converting the ANPP site to a long-term interim storage/disposal site and to assess 
the long-term environmental impacts from using the site for this purpose. 

If the ANPP site is an acceptable disposal site for radioactive waste, then using the reactor building as an 
entombment structure makes good technical sense because of its robust engineered barrier features and 
because this option has a substantially lower cost than dismantlement. This issue needs to be worked with 
ANRA to determine the viability and acceptability of entombment and its criteria for implementation. 

It is necessary that ANRA establish the requirements for the decommissioning process. This includes 
establishing the requirements for transitioning from the operating license for the ANPP to a permanent 
shutdown and/or decommissioning license. 

ANPP has generated significant radioactive waste throughout its operating life and will generate large 
additional volumes during decommissioning. The long-term interim storage/disposal of this waste at the 
ANPP site or elsewhere requires establishing and maintaining quality records about the characteristics and 
radioactivity content of the waste. 

The medium-level waste currently kept in interim storage at the ANPP is currently not in an acceptable 
form for long-term interim storage or disposal. This waste should be retrieved and processed as required to 
permit eventual disposal. 
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Abstract. The Australian Nuclear Science and Technology Organisation (ANSTO) has operated the 10MW 
HIFAR research reactor since 1958. In addition to its role in research, the reactor provides radioisotopes for 
medical and industrial use and is a major supplier of NTD silicon for the semi-conductor industry.  It is 
anticipated that HIFAR will finally shut down operations in December 2006. Although ANSTO has successfully 
decommissioned MOATA and undertaken other smaller decommissioning projects the proposed HIFAR 
decommissioning project will be the largest ever undertaken by ANSTO. 

ANSTO faces a number of challenges in HIFAR’s final year of operation. These include: the establishment of a 
modern decommissioning strategy in the absence of a long-term nuclear waste repository management facility or 
waste acceptance criteria for the material generated by the decommissioning; the impact of the impeding closure 
of the facility on staff morale and retention of key staff; and to meet the our customer’s needs up to the final 
closure. 

These challenges are compounded by competition for skilled resources required to commission the new research 
reactor (OPAL) and the need to continue to supply radioisotopes.  

Important “lessons in progress” that will be discussed in this paper include staffing the decommissioning team, 
maintenance of a strong safety culture during final stages of operation, working towards regulatory approval for 
decommissioning and strategies for knowledge retention.  

1. Introduction 
The construction of HIFAR, a research reactor was commenced in June 1955 and the reactor went 
critical on 26th January 1956. The reactor was mainly designed as a material testing reactor with an 
anticipated life of 15 years. It has been operating for 324,000 hours. The total energy generation up to 
1st April 2006 is 3,240,000 Megawatt hours with a maximum neutron flux of 2 x 1014 n/cm2 sec.  The 
fuel has varied from 80% to 19.6% enriched uranium.  Heavy water is used as the moderator and 
coolant with a graphite reflector. 

At present the reactor is used for irradiation of medical and industrial isotopes, neutron beam research, 
NTD silicon production and soil assessment work.   

2. Reason for Decommissioning 
The reactor technology of HIFAR is obsolescent. The facilities on HIFAR have been at their 
maximum capacity for some time. The new pool type reactor (OPAL) is nearing final completion and 
OPAL should move to hot commissioning in July 2006.  There will be a short period of parallel 
operation.  It is planned to close HIFAR around December 2006. 

2.1.  Decommissioning plan 
Preparations for decommissioning commenced 2 years ago with a letter to the Regulator (ARPANSA).   

In July 2005, a reactor management team was formed to prepare a submission for ANSTO’s senior 
management to present to the ANSTO Board with decommissioning options, a scope of work and 
financial estimates. 

After Board agreement a submission was prepared for the approval of the Australian Government with 
the object of gaining the funding commitment for decommissioning HIFAR and associated plant. 

The initial planning stage of the decommissioning process requires significant investment in time and 
manpower. A Strategic Plan is required where the influences of the regulator, the funding body, waste 
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1. Introduction 
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anticipated life of 15 years. It has been operating for 324,000 hours. The total energy generation up to 
1st April 2006 is 3,240,000 Megawatt hours with a maximum neutron flux of 2 x 1014 n/cm2 sec.  The 
fuel has varied from 80% to 19.6% enriched uranium.  Heavy water is used as the moderator and 
coolant with a graphite reflector. 

At present the reactor is used for irradiation of medical and industrial isotopes, neutron beam research, 
NTD silicon production and soil assessment work.   
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The reactor technology of HIFAR is obsolescent. The facilities on HIFAR have been at their 
maximum capacity for some time. The new pool type reactor (OPAL) is nearing final completion and 
OPAL should move to hot commissioning in July 2006.  There will be a short period of parallel 
operation.  It is planned to close HIFAR around December 2006. 

2.1.  Decommissioning plan 
Preparations for decommissioning commenced 2 years ago with a letter to the Regulator (ARPANSA).   

In July 2005, a reactor management team was formed to prepare a submission for ANSTO’s senior 
management to present to the ANSTO Board with decommissioning options, a scope of work and 
financial estimates. 

After Board agreement a submission was prepared for the approval of the Australian Government with 
the object of gaining the funding commitment for decommissioning HIFAR and associated plant. 

The initial planning stage of the decommissioning process requires significant investment in time and 
manpower. A Strategic Plan is required where the influences of the regulator, the funding body, waste 
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management policy, health, safety and environment impacts, knowledge management, human 
resources, and the social impacts are all clearly stated and addressed.  

Lesson: Planning should commence at least 2 years before planned shutdown. 

Early consultation with government departments is required to clarify requirements and boundaries for 
example heritage value, environment issues and regulatory requirements.   

2.2. Strategies for decommissioning 
In accordance with the decommissioning strategies as defined by the IAEA namely: immediate 
dismantling, deferred dismantling or entombment [1]. No action is an unacceptable decommissioning 
strategy for ANSTO Management. 

The preferred option for the HIFAR management team is the immediate dismantling of HIFAR using 
the available HIFAR staff with appropriate knowledge and training. 

The final objective is a clear site with all radioactive material removed. 

However other factors have a much greater influence on the most appropriate decommissioning 
strategy for HIFAR. 

Lesson: Clear “terms of reference” on decommissioning from senior management. 

2.3. Factors influencing the strategic decision [1]

2.3.1. Legal conditions 
Under the Australian Radiation Protection and Nuclear Safety Act (1998) and the Regulations 
(1999)[2], the operating organisation must apply to the regulator for a decommissioning licence for a 
controlled facility.  A controlled facility includes nuclear installations and prescribed radiation 
facilities.  At this time the regulator has a draft for use by its own assessors and for an operating 
organisation to assist in the preparation of an application for a decommissioning facility licence. So 
this is new ground for the regulator as well. 

The following quotation from the draft guideline makes it very clear who has responsibility for 
decommissioning. “The responsibility for the safety of a controlled facility and for demonstrating that 
there is an adequate level of safety rests with the operating organisation, not with ARPANSA. 
Liability remains wholly with the operating organisation.” 

In the draft guidelines ARPANSA [3] has listed 149 expectations when an operating organisation 
makes an application for a decommissioning licence. Compliance with these “expectations” could be 
costly and time consuming to an operating and research organisation when there are limits in funding 
for an application licence. This is the removal of a facility without necessarily any political advantage 
or major interest to the government of the day. 

Regulatory body has a requirement for a safety analysis report (SAR) (Refer RAP). A preliminary 
SAR is required in the application for a licence and a final SAR to reflect the completion of all work 
for each phase.  The SAR is a living document that reflects current appropriate state.    

2.3.2. Funding [4] 

The Australian Government has funded the construction and operation of the HIFAR research reactor.  
This funding support should be continued for the decommissioning of HIFAR however there may be 
some influence on expenditure of the triennial allocation of funds. The timing of funding has become 
an issue and this could delay the decommissioning activities especially the funding for important sub-
projects, fire protection modifications, new air conditioning plant etc.  

Lesson: Campaign for funding 2 years prior to facility closure. 

2.3.3. Waste management position 
ANSTO has a Waste Management Group that has met the existing requirements of site in the handling 
and conditioning of active material.  This group has a separate licence for the handling and 
transportation management of spent fuel.  At present, there is no nuclear waste repository in Australia.  

The Australian Government has a number of proposed locations however the final location and then 
the site preparation is still several years from finalisation.  Hence a deferred dismantling strategy 
becomes the only feasible option.  Licensing of the repository and the waste criteria need to be 
addressed. 

Lesson: For planning purposes the waste criteria of the repository should be clear. 

2.3.4.  Reuse of site and buildings 
The Australian Government has operated the site as a nuclear research facility for over 50 years. The 
construction of OPAL has ensured the site will remain as a nuclear facility for at least another 50 
years. 

Hence the urgency for decommission HIFAR is not great, as there is no plan to re-allocate the use of 
the reactor site and associated facilities at this time. The continued use of the site for nuclear purposes 
could raise the issue of a longer deferment or even entombment.  

2.3.5.  Local economy and social issues 
The ANSTO site and HIFAR are located in the outer metropolitan area, 30 kilometres south of 
Sydney.  In economic terms in particular HIFAR will only have a marginal effect as OPAL becomes 
fully operational.  The final operation of OPAL will maintain the existing site’s employment level.  
This decommissioning project will not have a significant impact on the area so there are no major 
influences on the decommissioning in economic terms. 

As the ANSTO site has been under some negative community pressure over the past 50 years; the 
option of entombment would not be an acceptable strategy to the local community. 

2.3.6.  Issues of safety [5]

There are a number of safety areas that must to be recognised and addressed. Radiation safety, 
contamination safety, industrial safety, environmental safety; all these areas must be addressed 
individually and demonstrate the organisation’s safety culture.  So, the attitudes and practices of all 
those involved in decommissioning should be maintained as an overriding priority.  Therefore the 
decommissioning management will formulate and commit to the safety policy that should be open, 
honest and supportive; where individuals are required to be questioning, rigorous and prudent in their 
approach. 

2.3.7.  Human resources 
As OPAL moves to full operation the number of staff transitioning from HIFAR should be around 
60%.  There will be a loss of some staff through retirement and others working on fixed term 
contracts. The remaining HIFAR staff will be used for the initial phase of decommissioning. There 
may be issues with a deferred decommissioning strategy as the remaining staff with HIFAR operating 
experience reach retirement. 

Lesson: It is essential for the decommissioning team to recognise the need to collect and correlate all 
available facility history and records for the future dismantling team.  

Lesson: Data storage should include both electronic & paper media. 

Lesson: Failure to commence decommissioning will risk a loss of your most experienced and 
knowledgeable staff. 

2.4.  Decision on the strategies 
The major factors on the selection on a decommissioning strategy and plan are summarised in the table 
below and supporting factors discussed. The strategy of entombment is completely dismissed as an 
available option due mainly to the location and ANSTO’s responsibility to the local community and 
future generations.  
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management policy, health, safety and environment impacts, knowledge management, human 
resources, and the social impacts are all clearly stated and addressed.  

Lesson: Planning should commence at least 2 years before planned shutdown. 

Early consultation with government departments is required to clarify requirements and boundaries for 
example heritage value, environment issues and regulatory requirements.   

2.2. Strategies for decommissioning 
In accordance with the decommissioning strategies as defined by the IAEA namely: immediate 
dismantling, deferred dismantling or entombment [1]. No action is an unacceptable decommissioning 
strategy for ANSTO Management. 

The preferred option for the HIFAR management team is the immediate dismantling of HIFAR using 
the available HIFAR staff with appropriate knowledge and training. 

The final objective is a clear site with all radioactive material removed. 

However other factors have a much greater influence on the most appropriate decommissioning 
strategy for HIFAR. 

Lesson: Clear “terms of reference” on decommissioning from senior management. 

2.3. Factors influencing the strategic decision [1]

2.3.1. Legal conditions 
Under the Australian Radiation Protection and Nuclear Safety Act (1998) and the Regulations 
(1999)[2], the operating organisation must apply to the regulator for a decommissioning licence for a 
controlled facility.  A controlled facility includes nuclear installations and prescribed radiation 
facilities.  At this time the regulator has a draft for use by its own assessors and for an operating 
organisation to assist in the preparation of an application for a decommissioning facility licence. So 
this is new ground for the regulator as well. 

The following quotation from the draft guideline makes it very clear who has responsibility for 
decommissioning. “The responsibility for the safety of a controlled facility and for demonstrating that 
there is an adequate level of safety rests with the operating organisation, not with ARPANSA. 
Liability remains wholly with the operating organisation.” 

In the draft guidelines ARPANSA [3] has listed 149 expectations when an operating organisation 
makes an application for a decommissioning licence. Compliance with these “expectations” could be 
costly and time consuming to an operating and research organisation when there are limits in funding 
for an application licence. This is the removal of a facility without necessarily any political advantage 
or major interest to the government of the day. 

Regulatory body has a requirement for a safety analysis report (SAR) (Refer RAP). A preliminary 
SAR is required in the application for a licence and a final SAR to reflect the completion of all work 
for each phase.  The SAR is a living document that reflects current appropriate state.    

2.3.2. Funding [4] 

The Australian Government has funded the construction and operation of the HIFAR research reactor.  
This funding support should be continued for the decommissioning of HIFAR however there may be 
some influence on expenditure of the triennial allocation of funds. The timing of funding has become 
an issue and this could delay the decommissioning activities especially the funding for important sub-
projects, fire protection modifications, new air conditioning plant etc.  

Lesson: Campaign for funding 2 years prior to facility closure. 

2.3.3. Waste management position 
ANSTO has a Waste Management Group that has met the existing requirements of site in the handling 
and conditioning of active material.  This group has a separate licence for the handling and 
transportation management of spent fuel.  At present, there is no nuclear waste repository in Australia.  

The Australian Government has a number of proposed locations however the final location and then 
the site preparation is still several years from finalisation.  Hence a deferred dismantling strategy 
becomes the only feasible option.  Licensing of the repository and the waste criteria need to be 
addressed. 

Lesson: For planning purposes the waste criteria of the repository should be clear. 

2.3.4.  Reuse of site and buildings 
The Australian Government has operated the site as a nuclear research facility for over 50 years. The 
construction of OPAL has ensured the site will remain as a nuclear facility for at least another 50 
years. 

Hence the urgency for decommission HIFAR is not great, as there is no plan to re-allocate the use of 
the reactor site and associated facilities at this time. The continued use of the site for nuclear purposes 
could raise the issue of a longer deferment or even entombment.  

2.3.5.  Local economy and social issues 
The ANSTO site and HIFAR are located in the outer metropolitan area, 30 kilometres south of 
Sydney.  In economic terms in particular HIFAR will only have a marginal effect as OPAL becomes 
fully operational.  The final operation of OPAL will maintain the existing site’s employment level.  
This decommissioning project will not have a significant impact on the area so there are no major 
influences on the decommissioning in economic terms. 

As the ANSTO site has been under some negative community pressure over the past 50 years; the 
option of entombment would not be an acceptable strategy to the local community. 

2.3.6.  Issues of safety [5]

There are a number of safety areas that must to be recognised and addressed. Radiation safety, 
contamination safety, industrial safety, environmental safety; all these areas must be addressed 
individually and demonstrate the organisation’s safety culture.  So, the attitudes and practices of all 
those involved in decommissioning should be maintained as an overriding priority.  Therefore the 
decommissioning management will formulate and commit to the safety policy that should be open, 
honest and supportive; where individuals are required to be questioning, rigorous and prudent in their 
approach. 

2.3.7.  Human resources 
As OPAL moves to full operation the number of staff transitioning from HIFAR should be around 
60%.  There will be a loss of some staff through retirement and others working on fixed term 
contracts. The remaining HIFAR staff will be used for the initial phase of decommissioning. There 
may be issues with a deferred decommissioning strategy as the remaining staff with HIFAR operating 
experience reach retirement. 

Lesson: It is essential for the decommissioning team to recognise the need to collect and correlate all 
available facility history and records for the future dismantling team.  

Lesson: Data storage should include both electronic & paper media. 

Lesson: Failure to commence decommissioning will risk a loss of your most experienced and 
knowledgeable staff. 

2.4.  Decision on the strategies 
The major factors on the selection on a decommissioning strategy and plan are summarised in the table 
below and supporting factors discussed. The strategy of entombment is completely dismissed as an 
available option due mainly to the location and ANSTO’s responsibility to the local community and 
future generations.  
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Factors Immediate 
Dismantling 

Deferred 
Dismantling 

Comments 

National Policy & 
Regulatory Framework 

Acceptable Preferred International influence on 
policy 

Financial Resource Acceptable Preferred Deferring the liability 

Spent Fuel N/A N/A Separately licensed & not a 
factor for decommissioning 

Waste treatment and long 
term storage 

Not available Major factor No immediate waste repository 
(double handling & storage 

problems) 

Health, Safety & 
Environment 

Acceptable Preferred Reduce dose to staff after 
deferral period. 

Knowledge & HR 
management 

Ideal Preferred Human resource available now 

Social Impact Low Low Replaced by OPAL 

    

Table 1. Factors for selection of a decommissioning strategy 

From a risk based (Refer Appendix I & II) approach the major factor influencing the strategy is the 
waste repository.  Without a waste repository the storage and handling of contaminated waste would 
be both expensive and unnecessary.  The acceptance criteria of the repository are unknown and any 
waste conditioning or packing may require re-visiting.  The HIFAR reactor block could remain in its 
present condition for some time with an immediate concentration on the non-contaminated plant and 
equipment. 

The timing of final decommissioning is now subject to the proposed expenditure estimates provided to 
Australian Government for approval.  This degree of flexibility can be addressed in the planning 
process 

3. Decommissioning plan team [Appendix III] 

With a clear strategy plan for decommissioning the decommissioning planning can now be addressed 
with some certainty. 

The following is a list of actions being developed as this paper was under preparation by 
Decommissioning Planning Group:  

� Clearly identify the lines of communication for information; 

� Identify the staff with quality assurance and record keeping responsibilities;  

� Prepare a team structure;  

� Weekly decommissioning planning meetings; 

� Monthly reporting to specialist advisory team; 

� Risk Analysis & Probability Impact Grid [Appendix I & II]. 

4.  Phase A  

4.1. Part 1 major shutdown 
Under the existing operating licence HIFAR management has the authority under the existing 
operating limits and conditions to remove the fuel from the reactor core and remove the spent fuel 
from the reactor building and prepare for transportation overseas. The heavy water can be transferred 
to an appropriate holding tank for temporary storage in readiness for transfer to appropriate flasks for 
transport overseas. 

This is the hold point for a decommissioning licence from the regulator. 

Under Part A it is proposed after a licence is granted; to remove coarse control arms and safety rods 
and store such items until the Hot Cells are available to prepare the items for the repository.  
Following this, it is intended to remove selected rigs for decontamination and/or store. All research 
equipment not required for OPAL will be removed and beam apertures plugged. 

Objective of Part 1 is the removal of all easily stored contaminated items; then provide shielding of all 
potential beam paths to minimise dose to staff working on non-contaminated plant and equipment 
inside the reactor shell. 

4.2. Part 2 Removal of all non-contaminated plant & equipment 
For this part it is proposed to remove all non-contaminated plant and equipment. 

� All existing electrical motors, instruments, monitoring equipment and cabling will be removed 
to reduce the risk of fire; 

� Removal of non-contaminated tanks and pipework to provide a free working space; 

� Identify and remove all redundant non-contaminated equipment and plant. 

The objective for this part is the complete removal of all un-necessary non-contaminated plant and 
equipment. 

4.3.  Part 3 major sub-projects [Appendix III] 
These are the projects required for the care and maintenance period of 5 to 10 years. 

� Upgrade the existing fire monitoring system; 

� Replace the existing ventilation and air condition system; 

� Install a radiation monitoring system, (monitor against change); 

� Replace the existing light and power circuitry (reduce fire risk); 

� Upgrade the active ventilation or extract system; 

� Install a security system; 

� Demolish surplus buildings and structures around reactor building (Cooling towers etc); 

� Prepare maintenance strategy for the care and maintenance period for all the new equipment and 
essential plant required for the final demolition (ie 20 tonne crane etc). 

The objective for this part is the movement to Phase B care and maintenance.   

5. Phase B. Care and maintenance 
This period could be 5 to 10 years from the closure of HIFAR. During this period all systems must be 
maintained and monitored in accordance to the maintenance strategy developed during Phase A.  The 
quality assurance accreditation will audit the process to ensure compliance and oversight by the 
regulator. 
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Factors Immediate 
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Acceptable Preferred Reduce dose to staff after 
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management 

Ideal Preferred Human resource available now 

Social Impact Low Low Replaced by OPAL 

    

Table 1. Factors for selection of a decommissioning strategy 

From a risk based (Refer Appendix I & II) approach the major factor influencing the strategy is the 
waste repository.  Without a waste repository the storage and handling of contaminated waste would 
be both expensive and unnecessary.  The acceptance criteria of the repository are unknown and any 
waste conditioning or packing may require re-visiting.  The HIFAR reactor block could remain in its 
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3. Decommissioning plan team [Appendix III] 

With a clear strategy plan for decommissioning the decommissioning planning can now be addressed 
with some certainty. 

The following is a list of actions being developed as this paper was under preparation by 
Decommissioning Planning Group:  

� Clearly identify the lines of communication for information; 

� Identify the staff with quality assurance and record keeping responsibilities;  

� Prepare a team structure;  

� Weekly decommissioning planning meetings; 

� Monthly reporting to specialist advisory team; 

� Risk Analysis & Probability Impact Grid [Appendix I & II]. 

4.  Phase A  

4.1. Part 1 major shutdown 
Under the existing operating licence HIFAR management has the authority under the existing 
operating limits and conditions to remove the fuel from the reactor core and remove the spent fuel 
from the reactor building and prepare for transportation overseas. The heavy water can be transferred 
to an appropriate holding tank for temporary storage in readiness for transfer to appropriate flasks for 
transport overseas. 

This is the hold point for a decommissioning licence from the regulator. 

Under Part A it is proposed after a licence is granted; to remove coarse control arms and safety rods 
and store such items until the Hot Cells are available to prepare the items for the repository.  
Following this, it is intended to remove selected rigs for decontamination and/or store. All research 
equipment not required for OPAL will be removed and beam apertures plugged. 

Objective of Part 1 is the removal of all easily stored contaminated items; then provide shielding of all 
potential beam paths to minimise dose to staff working on non-contaminated plant and equipment 
inside the reactor shell. 

4.2. Part 2 Removal of all non-contaminated plant & equipment 
For this part it is proposed to remove all non-contaminated plant and equipment. 

� All existing electrical motors, instruments, monitoring equipment and cabling will be removed 
to reduce the risk of fire; 

� Removal of non-contaminated tanks and pipework to provide a free working space; 

� Identify and remove all redundant non-contaminated equipment and plant. 

The objective for this part is the complete removal of all un-necessary non-contaminated plant and 
equipment. 

4.3.  Part 3 major sub-projects [Appendix III] 
These are the projects required for the care and maintenance period of 5 to 10 years. 

� Upgrade the existing fire monitoring system; 

� Replace the existing ventilation and air condition system; 

� Install a radiation monitoring system, (monitor against change); 

� Replace the existing light and power circuitry (reduce fire risk); 

� Upgrade the active ventilation or extract system; 

� Install a security system; 

� Demolish surplus buildings and structures around reactor building (Cooling towers etc); 

� Prepare maintenance strategy for the care and maintenance period for all the new equipment and 
essential plant required for the final demolition (ie 20 tonne crane etc). 

The objective for this part is the movement to Phase B care and maintenance.   

5. Phase B. Care and maintenance 
This period could be 5 to 10 years from the closure of HIFAR. During this period all systems must be 
maintained and monitored in accordance to the maintenance strategy developed during Phase A.  The 
quality assurance accreditation will audit the process to ensure compliance and oversight by the 
regulator. 
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6. Phase C Final dismantling 

6.1.  Part 1. Preparation for dismantling 
It is intended to complete this part before the completion of Phase C. 

Prepare a submission to the regulator detailing the final dismantling strategy. 

Characterize the radiological materials still located within the reactor block.  This material or 
equipment will also include rigs that are either extremely difficult to remove, highly contaminated or 
very active. 

It is proposed to develop a final dismantling concept. 

6.2.  Part 2. Final demolition and restoration to a green field site. 
The method of demolition will be developed over the next 5 to 10 years prior to actually performing 
the task.  It is important not to limit the options available to the Project team of that time. 

It is important that personnel with the specific nuclear knowledge and skills are available at the start of 
the dismantling activity to ensure the knowledge is captured, documented and available for the total 
project time frame.    

The options available range from; 

� ANSTO based specially skilled team to perform the complete process of demolition and 
transport to a waste repository; 

� ANSTO / Contractor based partnership each with specific skilled personnel; 

� International Contractor with the skills and experience supervised by ANSTO. 

7. Conclusions and lessons learnt 
The HIFAR Decommissioning Planning is a continuous work in progress. It was started almost 
immediately with the commencement of the new OPAL reactor.   

The organisational structure and staffing is adapting to meet the various stages of the 
decommissioning process.  So the bedding down of a decommissioning plan has evolved by necessity 
as the closure of HIFAR draws nearer.   

Staff from different areas of ANSTO have been sent to various conferences and training sessions 
around the world to gain experience and make contact with other organisations to build an appropriate 
project team. 

The continual improvement and lessons learnt will continue to evolve. 
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6. Phase C Final dismantling 

6.1.  Part 1. Preparation for dismantling 
It is intended to complete this part before the completion of Phase C. 

Prepare a submission to the regulator detailing the final dismantling strategy. 

Characterize the radiological materials still located within the reactor block.  This material or 
equipment will also include rigs that are either extremely difficult to remove, highly contaminated or 
very active. 

It is proposed to develop a final dismantling concept. 

6.2.  Part 2. Final demolition and restoration to a green field site. 
The method of demolition will be developed over the next 5 to 10 years prior to actually performing 
the task.  It is important not to limit the options available to the Project team of that time. 

It is important that personnel with the specific nuclear knowledge and skills are available at the start of 
the dismantling activity to ensure the knowledge is captured, documented and available for the total 
project time frame.    

The options available range from; 

� ANSTO based specially skilled team to perform the complete process of demolition and 
transport to a waste repository; 

� ANSTO / Contractor based partnership each with specific skilled personnel; 

� International Contractor with the skills and experience supervised by ANSTO. 

7. Conclusions and lessons learnt 
The HIFAR Decommissioning Planning is a continuous work in progress. It was started almost 
immediately with the commencement of the new OPAL reactor.   

The organisational structure and staffing is adapting to meet the various stages of the 
decommissioning process.  So the bedding down of a decommissioning plan has evolved by necessity 
as the closure of HIFAR draws nearer.   

Staff from different areas of ANSTO have been sent to various conferences and training sessions 
around the world to gain experience and make contact with other organisations to build an appropriate 
project team. 

The continual improvement and lessons learnt will continue to evolve. 
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Abstract. In Tanzania, facilities that use radioactive sources is increasing daily. These facilities include: 
medical facilities, industrial facilities and agriculture, teaching and research laboratories in universities and research 
centers. A decommissioning plan is supposed to be in place when these facilities are no longer needed. Unfortunately 
in Tanzania a final shutdown normally occurs before a decommissioning plan is prepared. For example four 60Co 
sources (75 TBq – 1977, 18 GBq 1994, 4.6 TBq – 1972, 74 TBq – 1990) and four 137Cs sources (67 GBq, 69 GBq, 
68 GBq each in 1985 & 78 GBq – 1986) for brachytherapy and teletherapy; two 137Cs (118 TBq – 1974 and 218 TBq 
- 2000) for sterilization and two 241Am/Be sources (370 GBq – 1980 each) for research, were all left unattended for 
more than three years after the shutdown of facilities. These examples of unattended facilities show that it is 
necessary to ensure that planning for decommissioning starts during the initial design of the facility and ends with 
the final release of the facility by the regulatory authority. This paper describes the proposed national strategy to 
meet this noble objective. The proposed national strategy covers: the regulatory framework for safe 
decommissioning of nuclear facilities; incorporation of decommissioning needs at the design stage; 
decommissioning options; planning and safety assessment for decommissioning; facility description; management 
during decommissioning activities and what to be done after completion of decommission activities. 

1. Introduction 
Radioactive sources have diverse applications in Tanzania covering medical, agriculture, industrial, 
research and education. The facilities, which utilize ionizing radiation in Tanzania are regulated by the 
Atomic Energy Act, 2003, and Atomic Energy (protection from ionizing radiation) regulations 2004 [2, 
3]. Under this legislation, the Tanzania Atomic Energy Commission (TAEC) is the sole regulatory 
authority that oversees all practices involving peaceful applications of ionizing radiation. As with any 
industrial process, the end point of a facility lifetime is planned either at the end of their useful life or 
when they are no longer required. Unfortunately in the United Republic of Tanzania the decommissioning 
principles for facilities that use radioactive material or sources are not extensively covered in Atomic 
regulations. Amendment is required to set out the principles of decommissioning or the provision of 
specific regulations for safe management of the decommissioning of facilities, which use radioactive 
material or sources. The amendment or provision of specific regulations will assist in preventing the 
abandonment of facilities after their useful life has ended or when no longer required. The aim of this 
paper is to propose to regulatory authorities and operators to ensure that the decommissioning process for 
medical, industrial, teaching and research facilities where radioactive material and sources are produced, 
received, used and stored is managed in a safe and environmentally acceptable manner. 

2. Regulatory framework for safe decommissioning of nuclear facilities 
The regulatory framework of a country should include provision for the safe decommissioning of facilities 
where radioactive material and sources are produced, received, used and stored [5]. The Atomic Act 
regulates the management of nuclear facilities that use radiation sources in the United Republic of 
Tanzania. Although the decommissioning procedures have not been extensively covered in the recent 
regulations, regulatory authority still have time to make amendments or provisions of specific regulations 
on how regulatory requirements are to be fulfilled during decommissioning activities. Through the 
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2. Regulatory framework for safe decommissioning of nuclear facilities 
The regulatory framework of a country should include provision for the safe decommissioning of facilities 
where radioactive material and sources are produced, received, used and stored [5]. The Atomic Act 
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amendments or specific regulations, the operators should be obligated to facilitate safe decommissioning 
when modifying current regulations. The regulatory authority should consider the following: 

• Protection of the environment and workers engaged in the decommissioning operations and the 
public who may be exposed to radiation from the operation. This can be accomplished by pre-work 
assessment and training mock ups to minimize external exposure and prevent inhalation or 
ingestion during decommissioning operations; 

• The use of remote handling technologies for operational activities; 

• Establishing controls, such as dose constrain and activity limits; 

• Detail processes and procedures for the granting of a license or another type of authorization; 

• Detail on policies and procedures used by the regulatory body for verifying compliance and 
enforcement; 

• The qualification and training acquired for staff personnel participating in the decommissioning 
activities;

• Record keeping and the timing and content of reports that need to be submitted by the operator to 
the regulatory authority after the completion of the decommissioning operation; 

•  Record retention system after decommissioning of the facility. The record shall contain pre-
operational features, operational history and details of any significant modification of the facility; 

• Responsibilities of the operator such as to submit emergency planning, site security, quality 
assurance to the regulatory authority prior to the commencement of decommissioning operations.

3. Incorporation of decommissioning needs at the design stage 
The initial facility design and any subsequent modifications should include consideration of future 
decommissioning requirements [5].  It is recommended to the regulatory authority that, during licensing of 
nuclear facility or any modifications, the following be incorporated:  

The use of smooth and non-absorbed material on work surfaces and flooring and/ or removable or 
strippable coatings in areas likely to become contaminated;  

Provision for easy access to areas of the facility and to equipment to facilitate decontamination and 
dismantling; Provision for adequate access for the manipulation of decontamination and dismantling 
equipment;  

Provision for in situ decontamination of pipes, ducts, tanks etc; Careful selection of materials for use in 
areas where activation can occur, such as in particle accelerators;  

Proper ventilation and drainage systems to prevent or control the spread of contamination during operation 
and decommissioning, and  

Consideration of lessons learned from previous decommissioning activities.  

Although the above mentioned design consideration can significantly ease the decommissiong process, 
proper control of the operation is also important so that spills, accidents and other events, which could 
lead to significant contamination, are minimized. 

4. Selection of decommissioning options 
A specific decommissioning option will, among other things, define the timing and the sequencing of 
decommissioning activities [6]. Decommissioning options can range from immediate dismantling and 
removal of all radioactive material or sources from the facility to a predesignated place or delayed 
decommissioning to take advantage of the natural decay of radionuclides. It must be noted that the 
selected option should be justified by developing the decommissioning plan in compliance with safety 

requirements. In Tanzania, immediate and delayed decommissioning is recommended. Phased 
decommissioning is recommended for countries which have nuclear progammes.

5. Planning and safety assessment for decommissioning  
The decommissioning plan is the key document in the entire decommissioning process [1].  Therefore, the 
decommissioning plan shall be developed for each facility using radioactive material or sources to show 
that decommissioning can be accomplished safely.  Decommissioning plans should be developed in three 
stages during the life of the facility, which are an initial plan, an updated plan, and a final 
decommissioning plan. The initial plan should be prepared during the design stage of the facility. This 
plan is normally required before the regulatory authority will provide an operating license. The primary 
purpose of this plan is to provide basic information of the complexity of the decommissioning process; 
establish the decommissioning funding programme and collection mechanism; document the assumptions 
for the decommissiong process; and establish procedures for the collection of relevant information during 
operation and maintenance. The initial plan is updated periodically during the life of the facility. Updating 
should include information on changes of equipment or processes, changes in legislative requirements, 
changes in radiological monitoring and changes in financial assumptions and improvement of technology.  
The final decommissioning plan is normally prepared before the facility permanently ceases operation.  
Operators of facilities which use radioactive material or sources, have to submit to regulatory authority 
their decommissioning plan. The plan shall include: Physical description of the site and the facility and its 
operational history which includes an inventory of the radioactive and toxic material; objective and 
decommissioning alternatives and selection and justification of the preferred strategy; project management 
and planning which includes resources, organization and responsibilities, review and monitoring 
arrangements, detailed estimates of waste quantities, training and qualification of staff, reporting and 
records, risk and hazard management and scheduling; decommissioning activities to include 
decontamination and dismantling activities; waste management and maintenance programmes; safety 
assessment include dose prediction for tasks and demonstration of ALARA for tasks, non-radiological 
hazard risk, hazard and uncertainty analyses and operating rules and instructions; environmental impact 
assessment including demonstration of compliance with environmental standards and criteria; quality 
assurance progamme, including setting up a quality assurance and/or quality control pgoramme, 
verification of compliance with established quality assurance requirements; radiation protection, safety 
and security programmes, radiation monitoring and protection systems, physical security and material 
control; emergency arrangements, management of safety, justification of safety for workers, the general 
population and the environment; continued surveillance and maintenance programme; final radiation 
survey; demonstration of compliance with the clearance criteria and costs includes cost estimate and 
provision of funds. 

6. Facility description 
The location, layout, dimensions of the facility and the type of facility such as research or medical 
laboratory, should be identified.  Other building or facilities on the site that are not part of the 
decommission activity, but which could be affected by decommissioning activities should be identified. 
The type of construction (for example steel, reinforced concrete) should be provided, a description of the 
roof, existence of basements, building access, description of building layout, schematic diagrams of rooms 
and facility layout, identifying large components; and description of contents and purpose of each room 
and area should be identified. The major equipment and component operated within the building to 
include facility equipment layout, the equipment associated with the facility operation that will require 
decontamination, dismantling or release from control, and the construction material of the equipment or 
system and all the building systems (for example, heating, cooling, ventilation, water, electricity, 
compressed air and cranes) that will be required to remain in operation for the dismantling of facility 
components should be identified before commencement of decommissioning operation. 
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amendments or specific regulations, the operators should be obligated to facilitate safe decommissioning 
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the regulatory authority after the completion of the decommissioning operation; 

•  Record retention system after decommissioning of the facility. The record shall contain pre-
operational features, operational history and details of any significant modification of the facility; 

• Responsibilities of the operator such as to submit emergency planning, site security, quality 
assurance to the regulatory authority prior to the commencement of decommissioning operations.
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decontamination and dismantling activities; waste management and maintenance programmes; safety 
assessment include dose prediction for tasks and demonstration of ALARA for tasks, non-radiological 
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verification of compliance with established quality assurance requirements; radiation protection, safety 
and security programmes, radiation monitoring and protection systems, physical security and material 
control; emergency arrangements, management of safety, justification of safety for workers, the general 
population and the environment; continued surveillance and maintenance programme; final radiation 
survey; demonstration of compliance with the clearance criteria and costs includes cost estimate and 
provision of funds. 

6. Facility description 
The location, layout, dimensions of the facility and the type of facility such as research or medical 
laboratory, should be identified.  Other building or facilities on the site that are not part of the 
decommission activity, but which could be affected by decommissioning activities should be identified. 
The type of construction (for example steel, reinforced concrete) should be provided, a description of the 
roof, existence of basements, building access, description of building layout, schematic diagrams of rooms 
and facility layout, identifying large components; and description of contents and purpose of each room 
and area should be identified. The major equipment and component operated within the building to 
include facility equipment layout, the equipment associated with the facility operation that will require 
decontamination, dismantling or release from control, and the construction material of the equipment or 
system and all the building systems (for example, heating, cooling, ventilation, water, electricity, 
compressed air and cranes) that will be required to remain in operation for the dismantling of facility 
components should be identified before commencement of decommissioning operation. 
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7. Management during decommissioning activities  
In this process the following should be considered: 

• Training of staff should be commensurate with the size, complexity and nature of the 
decommissioning activities to be performed; 

• A clear delineation of authorities and responsibilities for the decommissioning operation amongst 
key personnel; 

• Equipment necessary for radiation protection in relation to decommissioning such as for radiation 
shielding, prevention of personnel contamination and minimization of radioactive materials, 
personnel dosimeters to record doses, monitoring equipment for external dose and surface 
contamination survey, monitoring equipment for airborne radioactive substance in workplace 
should be considered.  Also zoning of areas and records of radiation surveys are needed; 

• Waste minimization strategy should be adopted to minimize exposure to workers; 

• Emergency planning, physical protection and quality assurance should be in place before 
commencement of operation. 

8. What to be done after completion of decommission activities 
On completion of decommissioning, a final decommissioning report should be prepared [5]. The content 
of the report should contain: 

• Description of the facility; 

• Decommissioning objectives; 

• Radiological criteria used as a basis for the removal of regulatory controls from the equipment, 
building or site, or for any other control regime approved by the regulatory authority; 

• Description of the decommissioning activities; 

• Description of any remaining, buildings or equipment not decommissioned or partially 
decontaminated; 

• Description of structures, areas or equipment designated for restricted use; 

• Final radiation survey report; 

• Inventory of radioactive material or sources along with radionuclides present, including amounts 
and types of waste generated during decommissioning and where the waste is presently located in 
storage and/or disposal; 

• Inventory of material, equipment and premises released from regulatory control; 

• Summary of any abnormal events that occurred during decommissioning; 

• Summary of occupational and public doses resulting from the decommissioning; 

• Lessons learned. 

Appropriate records should be retained on completion of decommissioning [4].  These should be held and 
maintained for the purpose such as confirming that the task has been completed in accordance with the 
approved plan and responding to possible liability claims. 

9. Conclusion 
The proposed national strategy for the safe decommissioning of nuclear facilities has been presented. It is 
anticipated that the regulatory authority will accept the recommendations and incorporate the principles of 
decommissioning of nuclear facilities that use radioactive material or sources to the existing regulations or 

provision of specific regulations. The amendments or provision of specific regulations expected to 
guarantee the safe management of the decommissioning of nuclear facilities in the country. 
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Abstract. The Shielding Experimental Reactor reached its first criticality on September 29, 1964. The 
design lifetime is 20 years. Up to now, it has been operating for more than 40 years now. It faces the problems of 
decommissioning. This article briefly introduces its initial decommissioning plan, including decommissioning 
objective, scope, steps and rad-waste treatment and disposal, etc. The article describes current preparatory work 
plan, e.g. actual status investigation, source term survey, research and development of decontamination 
techniques, core internals dismantling plan, development of a decommissioning database etc,. 

1. Introduction 
The Institute of Nuclear and New Energy Technology (INET), Tsinghua University was founded in 
1960 as a top nuclear research and experimental base in China. Over more than forty years, it has 
become a comprehensive research center with multi-disciplinary research, design and engineering 
projects mainly in nuclear technology. 

INET includes seventeen research divisions, four research centers and several workshops. INET’s 
research spans more than ten fields related to nuclear, chemical, environment and energy science, 
involving around 500 faculty and staff members and over 300 graduate students. There is a twin-core 
swimming pool type Shielding Experimental Reactor, a 5MW Nuclear Heating Reactor (NHR-5) and a 
10MW High Temperature Gas-Cooled Reactor (HTR-10).  

The Shielding Experimental Reactor is a swimming-pool type reactor with light water cooling and 
moderating, and beryllium and graphite acting as neutron reflector (see Figure 1 and Figure 2). The 
maximum operational power is 1000kw. The Shielding Experimental Reactor reached its first 
criticality on September 29, 1964. Since then, several modifications have been carried out to improve 
safety and enlarge the utilization area. Now there are two-reactor cores in the Shielding Experimental 
Reactor, #1 core and #2 core respectively, installed in the bottom of a swimming pool made of 
aluminum. The pool contains about 45 tonnes of de-ionized water. The structures of two cores is 
similar. The cores are placed on the bottom of water tank, fuel elements, beryllium and graphite 
inserted in the bottom grids, control rod tube arranged in the fuel element. 

The main cooling system comprises two pumps and four heat-exchangers, shown as Figure 3.The 
primary coolant inlet connects to the 1# core upper chimney, and outlet connect to #2 core bottom tank. 
The heat generated by the core can be removed by free convection at power levels below 50kw and by 
forced convection at power levels over 50kw. The decay heat is removed by free convection.  

There are 9 horizontal channels and 23 vertical holes for irradiation test. Among the irradiation tubes 
mentioned above, the #1 horizontal channel is the largest size available in China (1m x 1m, length x 
width). The main uses of the Shielding Experimental Reactor are as follows: 

(1) Testing the performance of shielding materials and the structure of shielding layer; 

(2) Biology irradiation; 

(3) Reactor physics experiments; 
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maximum operational power is 1000kw. The Shielding Experimental Reactor reached its first 
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aluminum. The pool contains about 45 tonnes of de-ionized water. The structures of two cores is 
similar. The cores are placed on the bottom of water tank, fuel elements, beryllium and graphite 
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The main cooling system comprises two pumps and four heat-exchangers, shown as Figure 3.The 
primary coolant inlet connects to the 1# core upper chimney, and outlet connect to #2 core bottom tank. 
The heat generated by the core can be removed by free convection at power levels below 50kw and by 
forced convection at power levels over 50kw. The decay heat is removed by free convection.  

There are 9 horizontal channels and 23 vertical holes for irradiation test. Among the irradiation tubes 
mentioned above, the #1 horizontal channel is the largest size available in China (1m x 1m, length x 
width). The main uses of the Shielding Experimental Reactor are as follows: 

(1) Testing the performance of shielding materials and the structure of shielding layer; 

(2) Biology irradiation; 

(3) Reactor physics experiments; 
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(4) Neutron transmutation silicon doping; 

(5) Neutron radiography and activation analysis; 

(6) Nuclear heating test; 

(7) Training reactor personnel. 

1# core 2# core Lead plate 

Vertical irradiation holeHorizontal irradiation tube

Figure 1. The reactor cores as arranged in shielding experimental reactor pool 

Figure 2.Bird’s-eye view of the shielding experimental reactor 
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Figure 3. Primary cooling circuit of shielding experimental reactor 

2. The initial decommissioning plan of Shielding experimental reactor 
The decommissioning scope of the Shielding Experimental Reactor includes the reactor body, civil 
structure and auxiliary systems inside reactor building. 

The decommissioning objective is to dismantle the equipment and components of the reactor system 
and auxiliary systems. The reactor building will remain. 

The decommissioning steps are as following as: 

(1) Compiling feasibility report, environmental impact report and safety analysis report; 

(2) Decommissioning plan, including an implementation plan; 

(3) Preparing decommissioning technologies, including staffing, training and equipment; 

(4) Implementing decommissioning: decontaminating, filling water in the vessel in order to 
dismantle the core internals, systems and components; 

(5) Rad-waste treatment and disposal. 

3. The recent preparing work plan for decommissioning  

1.1. Actual status investigation of Shielding experimental reactor 
Due to limited design requirements and safety requirements in 1960’s, there was no specific 
consideration for decommissioning during design, construction and modification of Shielding 
Experimental Reactor. It is also not equipped with specific equipment for decommissioning. To plan 
an effective decommissioning strategy, it is necessary that the actual status of Shielding Experimental 
Reactor should be clear. The essential information includes all previous design drawings, functional 
description, materials, installation methods, component layout, cable layout, pipeline layout, 
transportation modes, amount and place of dismantled components, etc.,. It is complicated and very 
difficult to collect and correlate this information.  

1.2. Source term survey  
The results of the source term survey (radioactive inventory estimation) will aid in preparation of  
decommissioning techniques and methods. It is necessary to prepare the source term survey plan for 
the Shielding Experimental Reactor, to identify radio-nuclides and to measure their distribution. The 
levels of contaminated equipment and components will be determined. 
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Experimental Reactor. It is also not equipped with specific equipment for decommissioning. To plan 
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Reactor should be clear. The essential information includes all previous design drawings, functional 
description, materials, installation methods, component layout, cable layout, pipeline layout, 
transportation modes, amount and place of dismantled components, etc.,. It is complicated and very 
difficult to collect and correlate this information.  

1.2. Source term survey  
The results of the source term survey (radioactive inventory estimation) will aid in preparation of  
decommissioning techniques and methods. It is necessary to prepare the source term survey plan for 
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1.3. Research and development of decontamination techniques 
There are some irradiated parts or contaminated components in the Shielding Experimental Reactor. 
They are used as test items to research and develop different decontamination methods and assess 
decontamination efficiency, and identify secondary effects (including secondary contamination and 
wastes) during the decontamination process. 

1.4. Core internals dismantling plan 
How to dismantle the core internals after removal of the fuel rods is a key problem. Different methods 
are used for different reactors. It is necessary to investigate the core internals assembly, materials, 
accessibility and other factors. 

1.5. Decommissioning database development 
A lot of information will be accumulated during the decommissioning stage. It is necessary to develop 
a dedicated database in order to manage the mass of details. The database, once developed, must be 
maintained diligently. 

4. Summary 
The Tsinghua University INET is working hard to prepare for decommissioning of the Shielding 
Experimental Reactor, including preparation of a decommissioning plan and budget application (cost 
considerations). There are many difficulties, but it is credible that the decommissioning project of the 
Shielding Experimental Reactor will be safe to environment and public alike. 
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Preparation for decommissioning of the Kozloduy Nuclear Power Plant units 1 and 2  

T. Delchevaa, V. Ribarskib, E. Demirevac
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 Republic of Bulgaria 

bKozloduy NPP, 
 Republic of Bulgaria 

cENPROconsult Ltd, 
 Republic of Bulgaria 
Abstract. The first decommissioning strategy of units 1 and 2 of Kozloduy NPP (KNPP) stipulated 3 phases: a 

5 year phase including the post operation activities and preparation of the safe enclosure (SE); a 35 years SE period, 
followed by deferred dismantling. “Updated Decommissioning Strategy for Units 1-4 of Kozloduy NPP” was issued in 
June 2006. The Updated Strategy is based on the so called “Continuous Dismantling” Concept. The updated Strategy 
starts preparatory work earlier and then moves into dismantling work without a significant gap. The aim is to achieve a 
more optimal distribution of the dismantling activities along the time, saving jobs and the existing knowledge of the 
plant personnel during the decommissioning, and ensuring smooth and more effective use of financial and human 
resources and of the available infrastructure for waste treatment. This paper gives general information about the updated 
strategy and activities required for its  implementation. 

1. Introduction 

Figure 1. View of Kozloduy NPP 
The Kozloduy nuclear power plant is situated on the bank of Danube River in the north-west part of Bulgaria 
and consists of 6 units, equipped with pressurized water reactors, Russian type WW�Rs.

Units 1and 2 (with WWER-440) were placed in commercial operation in September 1974 and November 
1975 respectively and were disconnected from the grid in December 2002. Units 3 and 4 (with WWER-440) 
were put in commercial operation in December 1980 and May 1982 respectively. As part of the accession 
agreement to the European Union, the Bulgarian government undertook to shut down Units 3 and 4 by the 
end of 2006. 

Units 1and2 are operated in “E” mode at present. It is envisaged Units 3 and 4 to be operated in “E” mode 
after shutdown until decommissioning permit will be issued by Bulgarian Nuclear Regulatory Authority 
(NRA). This permit is expected in 2011 for Units 1and 2 and 2012 for Units 3 and 4 respectively, when 
defueling of units is to be completed. 
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1.3. Research and development of decontamination techniques 
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a dedicated database in order to manage the mass of details. The database, once developed, must be 
maintained diligently. 

4. Summary 
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considerations). There are many difficulties, but it is credible that the decommissioning project of the 
Shielding Experimental Reactor will be safe to environment and public alike. 
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followed by deferred dismantling. “Updated Decommissioning Strategy for Units 1-4 of Kozloduy NPP” was issued in 
June 2006. The Updated Strategy is based on the so called “Continuous Dismantling” Concept. The updated Strategy 
starts preparatory work earlier and then moves into dismantling work without a significant gap. The aim is to achieve a 
more optimal distribution of the dismantling activities along the time, saving jobs and the existing knowledge of the 
plant personnel during the decommissioning, and ensuring smooth and more effective use of financial and human 
resources and of the available infrastructure for waste treatment. This paper gives general information about the updated 
strategy and activities required for its  implementation. 

1. Introduction 

Figure 1. View of Kozloduy NPP 
The Kozloduy nuclear power plant is situated on the bank of Danube River in the north-west part of Bulgaria 
and consists of 6 units, equipped with pressurized water reactors, Russian type WW�Rs.

Units 1and 2 (with WWER-440) were placed in commercial operation in September 1974 and November 
1975 respectively and were disconnected from the grid in December 2002. Units 3 and 4 (with WWER-440) 
were put in commercial operation in December 1980 and May 1982 respectively. As part of the accession 
agreement to the European Union, the Bulgarian government undertook to shut down Units 3 and 4 by the 
end of 2006. 

Units 1and2 are operated in “E” mode at present. It is envisaged Units 3 and 4 to be operated in “E” mode 
after shutdown until decommissioning permit will be issued by Bulgarian Nuclear Regulatory Authority 
(NRA). This permit is expected in 2011 for Units 1and 2 and 2012 for Units 3 and 4 respectively, when 
defueling of units is to be completed. 
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“Update Decommissioning Strategy for Units 1-4 of Kozloduy NPP” was issued in June 2006. 

Pursuant to the Update Strategy for Continuous Dismantling, the decommissioning of Kozloduy Nuclear 
Power Plant Units 1-4 will be performed in two stages: 

- Stage 1 (2011-2018)- defuelling of units, Safe Enclosure of reactors buildings and dismantling of  
equipment outside of the Safe Enclosure area; 

- Stage 2 (2018-2035) – deferred dismantling of the equipment within Safe Enclosure buildings and 
release of the buildings for other purposes. 

The key features of the updated decommissioning strategy are: 

- Shortened decommissioning period; 

- Even distribution of dismantling activities; 

- Even and more effective use of financial and human resources; 

- Even loading of the existing waste treatment infrastructure; 

- Continuity of hundreds of jobs in decommissioning for decades; 

- Optimal use of existing plant knowledge. 

The key assumptions of the updated decommissioning strategy are: 

- Dry spent fuel storage facility (DSFSF) to be in operation at the beginning of 2009 – all time 
calculations in the Decommissioning Strategy Update are based on this assumption; 

- A new project for treatment and conditioning of borates to be approved and implemented; 

- National waste disposal facility of low and intermediate level waste to be in operation in 2015. 

2. Defuelling process and time-schedule 
Occupied and free capacity of the reactor pools for spent nuclear fuel (SNF) storage at units 1-4 (about 

15/08/2006) 

Table 1 

Spent fuel pool No 1 2 3 4 

Fuel assemblies 305** 321 345 361 

Non-nuclear material 21�+34�+1* 30�+2� 18�

Occupied -total 361 353 363 361 

Vacant locations 3 23 13 13 

Lower
rack 

Full capacity  364 376 376 374 

Fuel assemblies     

Non-nuclear material     

Occupied -total     

Vacant locations 337 352 352 352 

Upper 
rack 

Full capacity  337 352 352 352 

* - non-standard hermetic cartridges with radwaste, produced in 1974. 

** - including 2 non-standard hermetic cartridges with assemblies, since 1974. 

Table 2 

Pools at WSF KV21 
(116/1) 

KV22 
(116/2) 

KV23
(116/3) 

KV24

(117)
Total 

Assemblies 972 1198 1188 1176 4534 

Baskets 36 40 40 40 156 

Vacant locations 6 2 2 2 4*** 

Capacity 42 42 42 42 160*** 

Non-nuclear material:  for units 1 - 4: control rod absorber (�), dummy fuel assemblies (�), 

Occupied and free capacity of the wet storage facility for spent nuclear fuel (SNF) (about 
15/08/2006) 

***  - the total capacity of wet storage facility (WSF) is 168 baskets (up to 42 pcs. in each pool). A licence 
condition requires no baskets to be placed near the lock gates of pools, which reduces the capacity of pools by 2 
pcs. So the actual holding capacity of WSF is limited to a total of 160 baskets. 

The defuelling activities for the reactor pools at units 1-4 assume the DSFSF will be ready and 
commissioned in the beginning of 2009 (as it has been envisaged in the Updated Decommissioning 
Strategy). Taking into account the current estimates for annual transfer of five CONSTOR casks (a total of 
420 SNF assemblies), the defuelling of units 1-4 will be possible adopting the following milestones for SNF 
transfer: 

- Defuelling of upper racks of the pools at units 3 and 4 – 2009; 

- Defuelling of reactor pools at units 1 and 2 – 2010; 

- Defuelling of reactor pools at units 3 and 4 – 2012. 

(providing that two SNF shipments are made to Russia annually and the WSF free capacity needed for the 
normal operation of units 5 and 6 is maintained). 

3. Implementation of the updated decommissioning strategy: 
In compliance with the conceptual schedule of the “Continuous Dismantling” Strategy, for the time period 
when a units are operated in "E" mode, the Category III equipment is envisaged to be dismantled (as per 
system classification done in the Technical Design for Decommissioning of Units 1 and 2 of Kozloduy NPP 
(Report � DECOM-O-97-0005), developed in 2001 under the PHARE Project BG 9809-02-03). 

This equipment after the shut down of the units in 2002 is stored in preserved conditions. The 
implementation of the Updated Strategy will impose to cancel the preservation of equipment and systems. 
Under these circumstances, in order to ensure the implementation of the Updated Strategy, applications for 
changing of the licensed operational conditions for units 1 and 2 were submitted to BNRA at the end of June 
2006. The existing maintenance technologies and procedures will be used for the implementation of the 
activities for the envisaged Category III equipment dismantling. 

In August 2006, the plant initiated marketing for purchasing of some of the equipment, which could allow 
the dismantling and selling of large size components. The Updated Strategy envisages all the preparatory 
activities and the issuance of a permit for the first stage of units 1 and 2 decommissioning to be completed by 
the end of 2010 and by the end of 2012 – for units 3 and 4 respectively.  

Along with the elaboration of the required documentation for issuance of decommissioning permits, a 
number of other preparatory activities are planned to be performed during this period, the most important of 
which are:  

- Acquisition of the installed equipment data for the Decommissioning Project and development of the 
DeMans Data Base; 
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- Radiological Inventory of the Turbine Hall area and equipment;  

- Preparation and implementation of new specific methods and technologies for 
cleaning/decontamination; 

- Taking away of the thermal insulation, burnable and hazardous materials; 

- Preparation of areas and premises for storage of the dismantled equipment until its release from the 
site.

In parallel and along with these a number of technical measures are being implemented or are planned to be 
implemented, which will allow later to implement decommissioning activities such as: 

- Supply of a mobile decontamination and redressing facility; 

- Construction of a system for low level liquid radioactive waste treatment; 

- Construction of a system for treatment of radioactive ion exchange resins, etc. 

The Updated Schedule for the implementation of strategy envisages the following:  

- Development of the Draft Working Plan for dismantling by the end of March 2007;  

- Dismantling of Category III equipment; 

- Supply and installation of equipment for fragmentation and decontamination of potentially 
contaminated equipment. These activities will be carried out during the period 2008 – 2010;  

- .Study and supply of special dismantling tools – by the end of 2010; 

- Dismantling of turbines and the remaining secondary circuit equipment during the period 2011 – 2017; 

- Dismantling of equipment from Auxiliary Buildings 1 and 2 during the period 2016 – 2018. 

After the completion of the First Decommissioning Stage, further activities will be subjected to new 
licensing, and the submission of an application for issuance of � Decommissioning Permit for the Second 
Stage is currently planned for 2018. 

4. Organizational arrangement and staff utilization 
The number of workers at units 1-4 who are within the administrative structure of EP-1 by July 2006 is 1385 
people. The total number of Kozloduy NPP employees is 4915. 

According to the Update Decommissioning Strategy, 770-900 people will be needed for the implementation 
of the activities during the first 10 years after the shut down of Units 3 and 4. 

Due to this issue, a Programme for management of the social consequences resulting from the shut down of 
units 3 and 4 was developed together with participation of the trade unions and staff representatives.  

An analysis was done of the functions which are expected to be affected by the forthcoming transition from 
operation to decommissioning.  

A list of the functions is prepared for the jobs which are going to be eliminated as operational jobs after the 
unloading of the fuel from Units 3 and 4. The staff occupying these jobs, together with the personnel from 
the Technical Support Division -1, will be relocated for implementation of activities for the 
decommissioning preparation. The non-operational personnel who are in common to the four units will 
remain to perform activities for operation and maintenance of equipment and facilities which are in “E” 
mode, dismantling of Category III equipment and removal of hazardous materials, insulation, radioactive 
waste etc. 

Possible changes have been defined for the number of other personnel, which result from changes of the 
scope (increasing or decreasing) of their activities.  

Conditions are provided for the acquisition of information concerning individual long-term preferences for 
each worker/official. A plant internal document has been put in force for consultation of the staff. A schedule 
aimed at consulting of the staff by 2007 at the latest was prepared. 

Construction of new sites at the Training Centre are envisaged for the retraining of the staff affected by 
transfer from the operation to decommissioning activities. 

The currently effective administrative structure of Kozloduy NPP, Plc clearly separates the activities at Units 
1-4 as follows: 

- EP-1 provides operations and maintenance of the units in compliance with the licenses in force;  

- The “Decommissioning” Division – performs the organization and the coordination of the 
decommissioning activities and manages the decommissioning projects, funded by external resources. 

After the closure of Units 3 and 4 and until the time the Decommissioning Permit is issued, the units remain 
under the operational licenses for “E” mode. In compliance with the Updated Strategy, preparatory activities 
for the actual decommissioning are mainly planned in this period. Their implementation will require some 
changes to the existing organizational structure of the plant.  

Several options for organizational, administrative and financial separation of the decommissioning activities 
are proposed in the Updated Strategy. The implementation of any of these options needs in-depth feasibility, 
financial and legal analyses.  

So far it is clear that the organizational and the financial separation of the decommissioning activities will 
need changes to the Bulgarian legislation and therefore these could be practically implemented in a more 
distant future. 

5. Financial aspects 
At present three sources finance the preparation for decommissioning of units 1to 4: 

� Kozloduy NPP`s own contribution to the expenses for: 

- Maintenance of the personal and the operation of units in “E” mode; 

- Management of spent fuel and radioactive waste. 

� National fund “Decommissioning of nuclear facilities”1 for: 

- Development of some projects related to the decommissioning of units, such as 
Development of the DeMans Data Base; Radiological Inventory of units 1-2 and others. 

- Licensing taxes; 

- Co-financing of projects financed by KIDSF2.

� Kozloduy International Decommissioning Support Fund (KIDSF)2 for: 

- Development of the projects and procurement of the equipment related to the 
decommissioning of units, including dry spent fuel storage facility; 

- Maintenance of the Programme Management Unit (PMU).  

                                            
1 The Decommissioning Fund was established in 1995 through the amendment of the Act on Use of Atomic Energy in 
Peaceful Purposes. The actual functioning of the Fund started in 1999 upon approval of the relevant Regulation. NEC 
plc and later Kozloduy NPP plc started payments since 1999. 
Fees are based on the requirements of the Regulation for for assessment, collection, disbursement and control of the 
financial resources and definition of the amount of contributions due to the Nuclear Facilities Decommissioning Fund. 
In part funds come from yearly interests of the Fund Capital. 

2 Kozloduy International Decommissioning Support Fund (KIDSF) established based on the Understanding of 1999 
and Framework Agreement of 2001. KIDSF is administered by EBRD and used for financing or co-financing: 

- Selected projects on technical assistance and the acquisition and installation of equipment necessary to support 
the decommissioning of Kozloduy Units 1 -4  (“nuclear” window) 

- Measures in the energy sector, consequential to the decommissioning and assisting in restructuring and 
upgrading of the energy production, transmission and distribution sectors and improving of the energy 
efficiency (“efficiency” window) 
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1 The Decommissioning Fund was established in 1995 through the amendment of the Act on Use of Atomic Energy in 
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Abstract. Underground cavities at Azgir test site are the unique objects to study and model 
radionuclides migration processes in salt formations effected by nuclear explosions. The uniqueness of the 
cavities is that they are actual repositories (storages) for radioactive wastes (RW) – products of chain reaction 
and radionuclides of induced activity. 

This paper addresses the issues of cleaning of the contaminated soil at the former Azgir nuclear test site in west 
Kazakhstan. Currently, the contamination of the soil at the sites is resulted from repeated (recurrent) 
radionuclides released from trench storages to a day surface due to capillary events. 

Radioactive spots at the sites are the source of secondary radioactive environmental contamination (radionuclide 
transfer by winds and atmospheric precipitation) and radiation hazard for population. Thus, the issue of site 
cleaning was urgent in sanitary-hygienic and socially-ecological terms. Investigations and practical measures for 
radioactive contamination removal from the sites were carried out. They include: contouring the contamination 
areas, determination of radionuclides concentrated in soil, selection of a place and arrangement of radioactive 
soil disposal, radioactive contamination removal from the sites, contaminated soil transportation and disposal to 
the repository, radiation control and determination of soil specific activity at contaminated areas, filling the 
hollow with clean soil, definition of mass and specific activity for the removed soil. Radionuclides concentration, 
mainly the 137Cs as the concentration of other radionuclides were comparatively low (at a level of natural 
background and global fallout) enabled to refer the removed soil (with maximum specific activity of up to     
9000 Bq/kg) to a category of low-activity wastes for which the established intervention level is 104 Bq/kg and 
more. Upon the radiation safety standards which are in force in Kazakhstan, it is assumed to remove 
contaminated soil with specific activity lower than 10000 Bq/kg to near-surface disposal of 10 m depth. 

1. Introduction 
As well known, after nuclear tests in aerospace, atmosphere, on earth and undersea were banned in 
1963, nuclear explosions were successfully continued underground. Herewith, peaceful nuclear 
explosions were conducted along with nuclear weapon tests [1]. A series of underground nuclear 
explosions in East and West Azgir salt dome in West Kazakhstan were performed to develop nuclear-
explosive technology to create large volume multipurpose underground cavities in rock-salt massifs. 
Also there were other tests conducted: decoupling – study of seismic consequences and transuranic 
element production [2].  

2. Situation at the test site areas 
A total of 17 underground explosions of different yield were carried out in 10 boreholes at depth of 
161 to 1491 m within the period from April 22, 1966 to October 24, 1979. The explosions resulted in 
formation of 9 cavities of different volume (from 10 000 to 240 000 m3), the total volume of the 
cavities was 1.2.106 m3, and a cave-in crater of 30 meters depth and 500 meters diameter. �3�. Cave-in 
crater �4� was formed at the site A9. The crater was filled with floodwater and rainwater of 20 000 m3

volume, connected with aquifers, i.e. the reservoir was partially fed by ground waters. 

�1��5 cavities were completely filled with water, �7, �8 and �11 cavities were dry (prospective for 
radioactive waste storage and disposal with total volume of 0.6.106 m3), �10 cavity was partially filled 
with water containing cesium-137 and strontium-90 with concentration of 3·105 and 3·104 Bq/l, 
respectively. �7, �8, �10 and �11 cavities were formed by group explosions – simultaneous 
explosion of several charges. �5 cavity at depth of �1500 m was created to study the stability of 
the repositories under condition of constant backpressure in them [5]. 
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near-surface disposal of radioactive waste and soil 
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Kurchatov, 
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Abstract. Underground cavities at Azgir test site are the unique objects to study and model 
radionuclides migration processes in salt formations effected by nuclear explosions. The uniqueness of the 
cavities is that they are actual repositories (storages) for radioactive wastes (RW) – products of chain reaction 
and radionuclides of induced activity. 

This paper addresses the issues of cleaning of the contaminated soil at the former Azgir nuclear test site in west 
Kazakhstan. Currently, the contamination of the soil at the sites is resulted from repeated (recurrent) 
radionuclides released from trench storages to a day surface due to capillary events. 

Radioactive spots at the sites are the source of secondary radioactive environmental contamination (radionuclide 
transfer by winds and atmospheric precipitation) and radiation hazard for population. Thus, the issue of site 
cleaning was urgent in sanitary-hygienic and socially-ecological terms. Investigations and practical measures for 
radioactive contamination removal from the sites were carried out. They include: contouring the contamination 
areas, determination of radionuclides concentrated in soil, selection of a place and arrangement of radioactive 
soil disposal, radioactive contamination removal from the sites, contaminated soil transportation and disposal to 
the repository, radiation control and determination of soil specific activity at contaminated areas, filling the 
hollow with clean soil, definition of mass and specific activity for the removed soil. Radionuclides concentration, 
mainly the 137Cs as the concentration of other radionuclides were comparatively low (at a level of natural 
background and global fallout) enabled to refer the removed soil (with maximum specific activity of up to     
9000 Bq/kg) to a category of low-activity wastes for which the established intervention level is 104 Bq/kg and 
more. Upon the radiation safety standards which are in force in Kazakhstan, it is assumed to remove 
contaminated soil with specific activity lower than 10000 Bq/kg to near-surface disposal of 10 m depth. 

1. Introduction 
As well known, after nuclear tests in aerospace, atmosphere, on earth and undersea were banned in 
1963, nuclear explosions were successfully continued underground. Herewith, peaceful nuclear 
explosions were conducted along with nuclear weapon tests [1]. A series of underground nuclear 
explosions in East and West Azgir salt dome in West Kazakhstan were performed to develop nuclear-
explosive technology to create large volume multipurpose underground cavities in rock-salt massifs. 
Also there were other tests conducted: decoupling – study of seismic consequences and transuranic 
element production [2].  

2. Situation at the test site areas 
A total of 17 underground explosions of different yield were carried out in 10 boreholes at depth of 
161 to 1491 m within the period from April 22, 1966 to October 24, 1979. The explosions resulted in 
formation of 9 cavities of different volume (from 10 000 to 240 000 m3), the total volume of the 
cavities was 1.2.106 m3, and a cave-in crater of 30 meters depth and 500 meters diameter. �3�. Cave-in 
crater �4� was formed at the site A9. The crater was filled with floodwater and rainwater of 20 000 m3

volume, connected with aquifers, i.e. the reservoir was partially fed by ground waters. 

�1��5 cavities were completely filled with water, �7, �8 and �11 cavities were dry (prospective for 
radioactive waste storage and disposal with total volume of 0.6.106 m3), �10 cavity was partially filled 
with water containing cesium-137 and strontium-90 with concentration of 3·105 and 3·104 Bq/l, 
respectively. �7, �8, �10 and �11 cavities were formed by group explosions – simultaneous 
explosion of several charges. �5 cavity at depth of �1500 m was created to study the stability of 
the repositories under condition of constant backpressure in them [5]. 

Athens - Book of Contributed Papers A4.indd   303 2006-11-06   13:38:06



304

All explosions were designed to be confined, that is without release of radioactive products to the 
surface. However, this was not achieved, which is demonstrated by data on duration of release of 
radioactive inert gases from cavities – from several days to several months, and data on total activity 
of up to 1017�1018 Bq. The total activity in underground cavities was some 0.5�1.0.106 Ci [6]. 

Table 1 presents a detailed specification for underground nuclear explosions and resulting 
underground cavities in salt dome of East and West Azgir.  

The investigation into contamination of ground waters in sediments at A1 site showed that some 
explosive fractures reached the surface, and groundwater was contaminated through the fracture. The 
radius of contamination at the surface was about 300 meters around emplacement borehole A1. In 
technological borehole A2 a clear boundary was kept between radioactive salt brines at the 300 meters 
depth, and the radioactivity of upper salt brine was twice lower than the radioactivity of the lower 
brine. Hydrogeological data obtained after explosions at �3 and �4 sites, showed that aquifers of 
sediments of East Azgir salt dome were isolated and were stagnant, and specific activity of 137CS
recorded up to 2.9 Bq/l, which was more than twice lower than the maximum permissible level. 

Underground cavities at the Azgir test site are unique objects to study and model the radionuclides 
migration processes in salt formations, exposed to the impact from nuclear explosions. The uniqueness 
of the cavities is that they are actual repositories for radioactive waste (RW) – products of chain 
reaction and radionuclides of induced activity. 

Table 1 – Some Parameters of Nuclear Explosions and Condition of Boreholes and Cavities 

Development Boreholes Cavities and Their Condition Technological 
Boreholes 

Investigation 
Boreholes 

From FNC RF documents 
Site index 
(boreholes, 

cavity) 
geogr. 

coordinates 
Degree/min 

of N.L. 
Degree/min. 

of E.L. 

Date of the  
1-st

experiment/ 
years of the 
following 

experiments 
(number of 
explosions) 

� in the 
“light”, mm/ 

depth, m/ 
yield of the 

1-st 
explosion, kt/ 
distance from 
charge: to the 
roof of salt/to 

aquifers 

Duration 
of

radioactive 
gases 

release to 
atmosphere, 

total 
release, 37 

GBq 

�,
m/volume, 
thousand 
m3/total 

activity. �-
radiation in 
cavity, 37 

GBq 

Information 
about 

nuclear 
explosions 

Passport 
of nuclear 
explosions 

location 

Technical 
passport 

for 
reclaimed 

soil

� in 
the“light”, 

mm/
depth, m / 
quantity, 

piece. 

Marking/ 
� casing 

pipes, mm 

�1 / 47 / 
49,75 
 47 / 56,00 

22.04.66 
820/161/1,1 

160/160 
20 days, 
1,9×105 31/14/79 

Filled with 
Water  
(FW) 

FW FW 168/510/16 
�1-1 / 219 
�1-2 / 219
�1-3 / 219 

�2 / 47 / 
54,43 
 47 / 54,58 

01.07.68 / 
75(1) 

77(2) / 78(2) / 
79(1) 

630/597/27 
300/410 

9 days, 
5,4×106 64/140/1500 FW FW FW 630/600/2 �2-1 / 219

�2-2 / 219 

�3 / 47 / 
53,76 
 48 / 07,91 

22.12.71/1976 
(1) 

820/986/64 
730/790 

9 days, 
5.4×106 78/250/420 FW FW FW 820/1000/1  

�4 / 47 / 
52,27 
 48 / 08,25 

29.07.76. 1120/995/58 
745/800 

11 months,
500 70/160/1500 FW FW FW  �4-1 / 219

�4-2 / 219 

�5 / 47 / 
53,29 
 48 / 09,20 

30.09.77. 630/1491/10 
1180/1190 

4 days, 
1,2×105 37/15/130 FW FW FW  �5-1 / 219

�5-2 / 219 

�7 / 47 / 
50,80 
 48 / 07,20 

17.10.78 1120/1040/73 
640/770 

49 days, 
3

70-
100/209/520 dry FW 

partially dry 
820/995/1 
590/931/1 

�8 / 47 / 
55,03 
 48 / 07,36 

17.01.79 1020/1004/65 
670/770 

26 hours,
4×106

36-
76/232/520 dry dry dry 219/913/1  

�9 / 47 / 
51,42 
 48 / 09,62 

18.12.78 920/630/103 
-

16 days, 
200 —/—/270 reservoir reservoir reservoir   

�10 / 47 / 
51,10 
 48 / 08,65 

24.10.79 975/983/33 
680/740 

9 months,
5 62/118/370 dry FW FW

partially 

�11 / 47 / 
52,94 
 48 / 07,20 

14.07.79 1020/983/22 
570/680 

2 months,
40 

36-
50/110/750 dry dry dry   
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All explosions were designed to be confined, that is without release of radioactive products to the 
surface. However, this was not achieved, which is demonstrated by data on duration of release of 
radioactive inert gases from cavities – from several days to several months, and data on total activity 
of up to 1017�1018 Bq. The total activity in underground cavities was some 0.5�1.0.106 Ci [6]. 

Table 1 presents a detailed specification for underground nuclear explosions and resulting 
underground cavities in salt dome of East and West Azgir.  

The investigation into contamination of ground waters in sediments at A1 site showed that some 
explosive fractures reached the surface, and groundwater was contaminated through the fracture. The 
radius of contamination at the surface was about 300 meters around emplacement borehole A1. In 
technological borehole A2 a clear boundary was kept between radioactive salt brines at the 300 meters 
depth, and the radioactivity of upper salt brine was twice lower than the radioactivity of the lower 
brine. Hydrogeological data obtained after explosions at �3 and �4 sites, showed that aquifers of 
sediments of East Azgir salt dome were isolated and were stagnant, and specific activity of 137CS
recorded up to 2.9 Bq/l, which was more than twice lower than the maximum permissible level. 

Underground cavities at the Azgir test site are unique objects to study and model the radionuclides 
migration processes in salt formations, exposed to the impact from nuclear explosions. The uniqueness 
of the cavities is that they are actual repositories for radioactive waste (RW) – products of chain 
reaction and radionuclides of induced activity. 
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�,
m/volume, 
thousand 
m3/total 

activity. �-
radiation in 
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GBq 

Information 
about 

nuclear 
explosions 

Passport 
of nuclear 
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location 

Technical 
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for 
reclaimed 

soil

� in 
the“light”, 

mm/
depth, m / 
quantity, 
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Marking/ 
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FW FW 168/510/16 
�1-1 / 219 
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�2 / 47 / 
54,43 
 47 / 54,58 

01.07.68 / 
75(1) 

77(2) / 78(2) / 
79(1) 

630/597/27 
300/410 

9 days, 
5,4×106 64/140/1500 FW FW FW 630/600/2 �2-1 / 219

�2-2 / 219 

�3 / 47 / 
53,76 
 48 / 07,91 
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(1) 
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730/790 

9 days, 
5.4×106 78/250/420 FW FW FW 820/1000/1  
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50,80 
 48 / 07,20 
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49 days, 
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70-
100/209/520 dry FW 

partially dry 
820/995/1 
590/931/1 

�8 / 47 / 
55,03 
 48 / 07,36 

17.01.79 1020/1004/65 
670/770 

26 hours,
4×106

36-
76/232/520 dry dry dry 219/913/1  

�9 / 47 / 
51,42 
 48 / 09,62 

18.12.78 920/630/103 
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16 days, 
200 —/—/270 reservoir reservoir reservoir   

�10 / 47 / 
51,10 
 48 / 08,65 

24.10.79 975/983/33 
680/740 
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5 62/118/370 dry FW FW
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50/110/750 dry dry dry   
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During the period of Azgir test site active operation, one of the serious consequences of nuclear explosions 
was considerable radioactive contamination of the soil, pipes, equipment and different materials at the 
surface of the technological sites due to different reasons. The RW was referred to the 1st group, total 
volume of the soil was 35 000 m3 and 130 tonnes of metal scrap and materials, total RW activity was ~ 50 Ci. 
Russian organizations removed the radioactive wastes (radioactive soil, materials and metal scrap) from the 
surface and disposed of them in A3 and A10 cavities, and reclaimed the lands which previously were part of 
Azgir test site. Safe termination of nuclear activities at the Azgir test site was implemented by deep (983 m) 
disposal of radioactive wastes of medium and low activity – in rock salt formations.  

3. Radionuclide contamination of soil at the sites 
The issues of consequences of peaceful nuclear explosions in Kazakhstan, including cleaning of territories 
with radioactive contamination where nuclear explosions were carried out, are still unsolved though quite a 
considerable time has passed since the nuclear explosions were conducted. Sites were contaminated during 
technological operations associated with the cavities breaching by drilling the additional boreholes that 
caused release of radioactive gases with the activity of 10.106 Ci �6� to the environment. The report addresses 
the issues of soil decontamination at the former AZGIR test site in the West Kazakhstan. Currently, soil 
cover contamination at the sites is determined by repeated radionuclides releases from trench repositories of 
radioactive wastes to the day surface due to capillary phenomena.  

Radioactive spots at the sites were the sources of secondary radioactive contamination of the environment 
(radionuclides transfer by winds and precipitations) and radiation risk for population, thus, the problem of 
area cleaning is urgent in terms of sanitary and socio-ecological aspects. Research into and practical 
measures on radioactive waste removal at the test site were accomplished along the following directions: 
contouring of contaminated areas, determination of radionuclide concentrations in the soil, selection and 
arrangement of radioactive soil repository, decontamination of the site areas, contaminated soil 
transportation and disposal, radiation control and determination of soil specific activity at the contaminated 
areas (Table 2), backfilling of excavations with clean soil, determination of mass and total activity of the 
removed soil. Radionuclide concentrations, mainly 137Cs as the concentration of other radionuclides is 
comparatively small (at the background level and global fallout) enabled to categorize the excavated soil 
(with maximum total activity up to 9000 Bq/kg) as low-activity waste. The intervention level for the wastes 
is at and above 104 Bq/kg. According to radiation safety standards in Kazakhstan it is planned to remove 
contaminated soil with specific activity less than 10 000 Bq/kg to the near-surface disposal with depth up to 
10m. 

Table 2 – Gamma spectrometry analysis of soil samples, Bq/kg (relative error, %) 

Sites 137Cs 60Co 152Eu U 228Th 40K 154Eu

A1 1(100)+8(70) 8(92)+11(30) 22(33)+31(37 10(100)+23(100) 33(78)+55(57) 15(100)+469(55) 27(38)+31(54) 

A2 5(100)+3741(2) 0+7(56) 1(100)+46(28) 3(100)+36(41) 9(100)+60(76) 15(100)+710(40) 1(100)+47(28) 

A3 6(77)+22(30) 2(100)+6(100) 18(100)+57(34) 1(100)+17(88) 34(68)+100(26) 294(84)+787(33) 16(73)+63(31) 

A4 40(29)+58(20) 7(100) 27(40)+50(21) 1(100)+3(100) 47(53)+63(100) 16(100)+573(43) 44(30)

A5 6(100)+2044(1) 5(100) 2(100)+40(34) 1(100)+4(100) 19(26)+75(36) 15(100)+468(9) 6(34)+35(52) 

A7 +4(100)16(42) 2(100)+12(51) 23(100)+31(38) 1(100)+5(100) 52(38)+61(100) 356(76)+831(35) 17(50)+32(35) 

A8 38(24)+41(25 2(100)+4(100) 29(35)+33(33) 23(47)+26(100) 57(40)+59(100) 580(42)+1193(21) 22(65)+27(57) 

A10 61(21)+7783(3) 2(100) 2(100)+25(34) 1(100)+5(100) 27(11)+63(100) 357(10)+847(31) 2(100)+31(50) 

A11 4(100)+13(50) 3(100)+10(42) 31(30)+39(25) 4(100)+11(100) 89(26)+102(27) 505(55)+870(29) 14(90)+23(62) 

The most contaminated sites are �2 and �10 according to the number of spots as well as to values of 
exposure dose rate (EDR), Fig. 1. Contaminations at sites �1, �2, �3, �5 and �10 with total amount of 
about 200 spots was removed.  

To study the degree of binding of 137Cs with soil particles, experiments are performed for studying 
leachability. Experiments show that not less than 95 % of 137Cs are in bound form, unleachable with 

ammonium – acetated buffered solution [7, 8]. This fact suggests that even with infiltration waters entering 
the storage, 137Cs is not to be leached by ground waters, which excludes its further migration even under 
highly unfavorable conditions. 

4. Methods for decontamination of disturbed lands and radioactive soil removal to near-
surface repositories 

Spots selected for removal were mainly located in soil layer 0÷20 cm. Total area of spots did not exceed 90 
m2. Analysis of stratified samples from local spots showed that most activity was concentrated in top layer of 
0÷15 cm. Maximum concentrations appears in soil layer 5�10 cm, as radionuclides from layer 0�5 cm was 
moved to the environment by wind and washed by rain and melt waters. However one can not exclude 
radioactivity in deeper layers, as excavation and re-disposal (from the trench into selected cavities) were 
performed without proper quality control, which resulted in damage to the soil cover. 
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Figure 1. Radiation Background at �10 Site 

Excavation of radioactive soil (without mechanical means) was executed in 5 cm layers till the EDR value 
recorded at the excavation bottom was at a level lower than 30 µSv/h. In case where EDR values did not 
decrease or increase, soil sampling was stopped at a depth where the backfilling with approximate half-value 
layer of 10 cm made it possible to reach the value of EDR at the surface of 30 µSv/h, Fig.2. 

Contaminated soil samples were transported to the Institute of Nuclear Physics (Almaty city) where 137Cs
content in samples was counted in laboratory by gamma-spectrometry. Bags with contaminated soil were 
tightly placed to the trench with the following size (width × depth × length, m): 1×3×6, Fig.3. After all the 
bags were placed, EDR was measured at the ground surface with open storage and at the surface of all bags. 
The trench was backfilled with clean soil which was excavated during the storage preparation, the thickness 
of the layer was about 1 m in order that EDR at the surface would not exceed 30 µSv/h. The trench cover 
was tamped and overtopped the surface not more than 0.5 m. Benchmarks were fixed at corners of the 
storage to include points for regular monitoring. After excavation and disposal of radioactive soil, newly 
formed excavations were filled with clean soil taken from the trench or transported. The backfilled soil did 
not lie over the relief of the site within 10 cm. The results of EDR measurements performed after liquidation 
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During the period of Azgir test site active operation, one of the serious consequences of nuclear explosions 
was considerable radioactive contamination of the soil, pipes, equipment and different materials at the 
surface of the technological sites due to different reasons. The RW was referred to the 1st group, total 
volume of the soil was 35 000 m3 and 130 tonnes of metal scrap and materials, total RW activity was ~ 50 Ci. 
Russian organizations removed the radioactive wastes (radioactive soil, materials and metal scrap) from the 
surface and disposed of them in A3 and A10 cavities, and reclaimed the lands which previously were part of 
Azgir test site. Safe termination of nuclear activities at the Azgir test site was implemented by deep (983 m) 
disposal of radioactive wastes of medium and low activity – in rock salt formations.  

3. Radionuclide contamination of soil at the sites 
The issues of consequences of peaceful nuclear explosions in Kazakhstan, including cleaning of territories 
with radioactive contamination where nuclear explosions were carried out, are still unsolved though quite a 
considerable time has passed since the nuclear explosions were conducted. Sites were contaminated during 
technological operations associated with the cavities breaching by drilling the additional boreholes that 
caused release of radioactive gases with the activity of 10.106 Ci �6� to the environment. The report addresses 
the issues of soil decontamination at the former AZGIR test site in the West Kazakhstan. Currently, soil 
cover contamination at the sites is determined by repeated radionuclides releases from trench repositories of 
radioactive wastes to the day surface due to capillary phenomena.  

Radioactive spots at the sites were the sources of secondary radioactive contamination of the environment 
(radionuclides transfer by winds and precipitations) and radiation risk for population, thus, the problem of 
area cleaning is urgent in terms of sanitary and socio-ecological aspects. Research into and practical 
measures on radioactive waste removal at the test site were accomplished along the following directions: 
contouring of contaminated areas, determination of radionuclide concentrations in the soil, selection and 
arrangement of radioactive soil repository, decontamination of the site areas, contaminated soil 
transportation and disposal, radiation control and determination of soil specific activity at the contaminated 
areas (Table 2), backfilling of excavations with clean soil, determination of mass and total activity of the 
removed soil. Radionuclide concentrations, mainly 137Cs as the concentration of other radionuclides is 
comparatively small (at the background level and global fallout) enabled to categorize the excavated soil 
(with maximum total activity up to 9000 Bq/kg) as low-activity waste. The intervention level for the wastes 
is at and above 104 Bq/kg. According to radiation safety standards in Kazakhstan it is planned to remove 
contaminated soil with specific activity less than 10 000 Bq/kg to the near-surface disposal with depth up to 
10m. 

Table 2 – Gamma spectrometry analysis of soil samples, Bq/kg (relative error, %) 

Sites 137Cs 60Co 152Eu U 228Th 40K 154Eu

A1 1(100)+8(70) 8(92)+11(30) 22(33)+31(37 10(100)+23(100) 33(78)+55(57) 15(100)+469(55) 27(38)+31(54) 

A2 5(100)+3741(2) 0+7(56) 1(100)+46(28) 3(100)+36(41) 9(100)+60(76) 15(100)+710(40) 1(100)+47(28) 

A3 6(77)+22(30) 2(100)+6(100) 18(100)+57(34) 1(100)+17(88) 34(68)+100(26) 294(84)+787(33) 16(73)+63(31) 

A4 40(29)+58(20) 7(100) 27(40)+50(21) 1(100)+3(100) 47(53)+63(100) 16(100)+573(43) 44(30)

A5 6(100)+2044(1) 5(100) 2(100)+40(34) 1(100)+4(100) 19(26)+75(36) 15(100)+468(9) 6(34)+35(52) 

A7 +4(100)16(42) 2(100)+12(51) 23(100)+31(38) 1(100)+5(100) 52(38)+61(100) 356(76)+831(35) 17(50)+32(35) 

A8 38(24)+41(25 2(100)+4(100) 29(35)+33(33) 23(47)+26(100) 57(40)+59(100) 580(42)+1193(21) 22(65)+27(57) 

A10 61(21)+7783(3) 2(100) 2(100)+25(34) 1(100)+5(100) 27(11)+63(100) 357(10)+847(31) 2(100)+31(50) 

A11 4(100)+13(50) 3(100)+10(42) 31(30)+39(25) 4(100)+11(100) 89(26)+102(27) 505(55)+870(29) 14(90)+23(62) 

The most contaminated sites are �2 and �10 according to the number of spots as well as to values of 
exposure dose rate (EDR), Fig. 1. Contaminations at sites �1, �2, �3, �5 and �10 with total amount of 
about 200 spots was removed.  

To study the degree of binding of 137Cs with soil particles, experiments are performed for studying 
leachability. Experiments show that not less than 95 % of 137Cs are in bound form, unleachable with 

ammonium – acetated buffered solution [7, 8]. This fact suggests that even with infiltration waters entering 
the storage, 137Cs is not to be leached by ground waters, which excludes its further migration even under 
highly unfavorable conditions. 

4. Methods for decontamination of disturbed lands and radioactive soil removal to near-
surface repositories 

Spots selected for removal were mainly located in soil layer 0÷20 cm. Total area of spots did not exceed 90 
m2. Analysis of stratified samples from local spots showed that most activity was concentrated in top layer of 
0÷15 cm. Maximum concentrations appears in soil layer 5�10 cm, as radionuclides from layer 0�5 cm was 
moved to the environment by wind and washed by rain and melt waters. However one can not exclude 
radioactivity in deeper layers, as excavation and re-disposal (from the trench into selected cavities) were 
performed without proper quality control, which resulted in damage to the soil cover. 
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Figure 1. Radiation Background at �10 Site 

Excavation of radioactive soil (without mechanical means) was executed in 5 cm layers till the EDR value 
recorded at the excavation bottom was at a level lower than 30 µSv/h. In case where EDR values did not 
decrease or increase, soil sampling was stopped at a depth where the backfilling with approximate half-value 
layer of 10 cm made it possible to reach the value of EDR at the surface of 30 µSv/h, Fig.2. 

Contaminated soil samples were transported to the Institute of Nuclear Physics (Almaty city) where 137Cs
content in samples was counted in laboratory by gamma-spectrometry. Bags with contaminated soil were 
tightly placed to the trench with the following size (width × depth × length, m): 1×3×6, Fig.3. After all the 
bags were placed, EDR was measured at the ground surface with open storage and at the surface of all bags. 
The trench was backfilled with clean soil which was excavated during the storage preparation, the thickness 
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formed excavations were filled with clean soil taken from the trench or transported. The backfilled soil did 
not lie over the relief of the site within 10 cm. The results of EDR measurements performed after liquidation 

Athens - Book of Contributed Papers A4.indd   307 2006-11-06   13:38:30



308

operations revealed that the radiation situation at sites with radioactive contamination spots was significantly 
improved after the decontamination operations. Value of EDR before the operations was 900 µSv/h, and 
after operation the values varied within 20-30 µSv/h. 

Figure 2. Radiation Survey of Pits 

Figure 3. Depositing of Radioactive Soil in Trench  

5. Conclusion 
Total weight of the excavated radioactive soil was 5060 kg. The average concentration and total activity of 
137Cs in removed soil was 5000 Bq/kg and 3·107Bq. Research and engineering works on cleaning and 
removal of radioactive contamination from the AZGIR test site enabled to improve the radiation situation at 
and near the test site. The operations remove radiation doses from radioactive contaminated soil which 
exceed maximum permissible levels. 
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IAEA-CN-143/04 

Lessons learned: unusual procedures in decommissioning of the Triga Heidelberg II 

B. Juenger-Graf 
DKFZ (German Cancer Research Center), Heidelberg, 
Germany 

Abstract: The TRIGA Heidelberg was operating for 33 years. The operation was 11 years in the 
temporary building of the TRIGA Heidelberg I, another 22 years it was operating in the new building of the 
German Cancer Research Center (DKFZ) named TRIGA Heidelberg II. Since the end of 1999 it is finally shut 
down and the preparation for the decommissioning began with an European announcement of the 
decommissioning work that should be done. We had to check seven offers and had to decide for the best 
approach and company for the decommissioning. We recommend to include a remark in the bidding 
announcement that only three offers would be accepted. 

1. Preparation for decommissioning 
The first step of decommissioning was the return of the spent fuel to the country of origin, the United 
States of America. The handling of the fuel and the casks was performed within the operation license 
based on an announcement of change (see Figure 1).  

�

�
�

Figure 1. Removal of spent fuel 

The return of the fuel was done under a very hard time constraint. Our decision not to cut the Fuel 
Follower Control Rods (FFCR) was the right one, because we didn’t want to have contaminated water.  
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It was very difficult to find an appropriate cask for the FFCR because they were 40 cm longer than the 
TRIGA standard fuel. The TN 6/3 cask we found had to be improved for this transport at the instance 
of the US-Nuclear Regulatory Commission (NRC). We had to install a TRIGA pin instead of a screw 
to handle the FFCR, but we were unable to remove one of the splints, that fixed the screw on top of 
the FFCR. We constructed a new tool for this special case. This was a very important provision to 
reduce the dose rat on the fingers of the operator. There were some aluminum canned fuel elements, 
which were strongly bent and we couldn’t put those in a normal loading unit, therefore we constructed 
a special loading unit with only three holes, one of them was elongated. 

Some other fuel elements were put in the taller TN 6/3 cask. This was necessary because a number of 
elements were severely bent and there was a limitation of 235U in the GNS 16 cask. There had not 
been a dry test of the gripper that was used for loading the GNS 16 cask prior to its use because of 
time constraints. 

The first loading unit slipped out of the gripper into the transport cask. The reason was that the last 
piece of the prolongation of the new gripper was not hollowed out enough. The gripper was repaired 
within two hours. 

2. Licensing of decommissioning 
When the reactor was built, nobody was thinking about the weight of a shielded cask in the reactor 
hall: therefore we had to support the reactor gallery in the area of the truck door caused by the weight 
of the transport casks. 

The licensing process for the decommissioning and dismantling of the TRIGS HD II was a very long, 
drawn out process. Because we were the first decommissioning in the state of Baden-Württemberg we 
had to discuss each step with the authority and the independent experts. Good planning and enough 
time is necessary to keep in touch with the authority and the independent experts. 

3. Decommissioning process 
In dismantling the reactor core and its equipment we first took out all stainless steel components in 
order to keep the dose rate low (see Figure 2). Afterwards we took the reactor core and the reflector 
together from the reactor tank and put it in a radiation shielded cask, which was constructed for that 
special purpose. The water was kept clean without contamination caused by sawing or cutting the 
graphite reflector. We then took out the aluminum tank and began to dismantle the biological shield. 
The hydraulic splitting of the reinforced concrete biological shield was a very good and a quick 
method to break the concrete. We can recommend this method for dismantling reinforced concrete. 

�
Figure 2. Dismantling of reactor 

�

Figure 3 (This picture was taken by Anja Graf, HDB FZKarlsruhe) 

Because we had a Cyclotron and an irradiation facility for cancer patients in the neighbourhood of the 
reactor, we used the hydraulic splitting which could perform the demolition without any noise or 
vibration. For the hydraulic splitting we installed a special sealed containment with its own air 
conditioning and filter systems for dismantling the biological shield  

�

�
�

Figure 4 

After dismantling work was performed (Figure 4) we measured the remaining hole where the reactor 
block was before, by in-situ- gamma spectroscopy and verified the results by core drilling. 

We had installed measurement equipment from the RADOS Company for the measurement for free 
release of each piece and every component that left the reactor hall. 
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�
Figure 5. Research reactor before decommissioning 

�

�
�

Figure 6. Research reactor after decommissiong 
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  R.D. Changrania, Y. Kulkarnib, K. Raj, P.K. Deyb

aPrefre, Barc, Maharashtra, 
  India 

bNuclear Recycle Group, Bhabha Atomic Research Centre, Mumbai. 
  India 

 Abstract. In India during the last 30–35 years, in the back end of fuel cycle covering the entire gamut 
of fuel reprocessing and waste management aspects, a large number of goals have been achieved. Valuable 
experience was gained back in 1977 by successfully undertaking partial decommissioning of a fuel reprocessing 
plant at Trombay, which reslulted in a totoal radiation exposure of 30,000 person�mSv and the generation of 660 
and 890 m3 of liquid and solid radioactive waste respectively. This paper covers the extensive experience gained 
during the decommissioning activities pertaining to the low level liquid effluents system comprising concrete 
structure, a high level liquid waste handling facility of shielded carbon steel boxes and revamping of a 
bituminization facility handling intermediate level radioactive waste. The experience gained in operation and 
maintenance of remote equipment in hot cells and related decommissioning activities will help in planning of 
decommissioning activities in the vitrification cell of the Waste Immobilization Plant (WIP), (Tarapur), which 
will be started in the near future. 

1. Decommissioning of hold up tank  

1.1. Introduction  
During normal reprocessing operations, the Power Reactor Fuel Reprocessing (PREFRE) plant 
generates 4,000–5,000 m3 of low level liquid effluents having beta and alpha activity in the range of 
0.37–37 and 0.037–0.37 Bq/ml respectively. These effluents were segregated as detergent and non-
detergent waste at the source and  collected separately in an underground, cylindrical, re-inforced, 
cement concrete (RCC) tank having two compartments. Due to the chemical nature and activity, 
regenerent waste from the fuel handling area was collected in a separate stainless steel (SS) tank 
housed in one of the compartments.  

The hold up tank (HUT), which has overall dimensions of 7.5 m in diameter × 4 m in height, was 
made from 0.2 m thick concrete duly waterproofed externally and epoxy painted internally. The two 
compartments were rated for safe operating hold up of 45 and 22 m3 with adequate free board volume. 

Stoneware and high density polyethylene (HDPE) drain lines with a total length of 230 m and 27 
inspection chambers encircling the main plant constituted  the low level  effluent ring. This effluent 
ring with HUT and associated pumps and piping were known as low level liquid effluent system of the 
plant. In order to facilitate the new construction in the vicinity of PREFRE plant, it became necessary 
to decommission the HUT after constructing a new hold up tank with a seperate drain ring. 

1.2. Planning 
The major steps in planning for the decommissioning of the HUT were: 

Excavation without disturbing the main plant building and construction of a new RCC hold up tank 
with (SS) lined compartments and installation of assorted pumps with piping; 

Laying a new SS effluent ring around the plant maintaining the required slope; 

Disconnecting the old HDPE and stoneware effluent lines and connecting various input lines from the 
plant to the new ring; 

Performing final connection of the new effluent ring to the new HUT; 

Breaking and removal of old chambers, old effluent line, HUT and removal of debris and 
contaminated soil. Handing over  the site free of any contamination for civil construction. 
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1.3. Demolition of HUT 
The HUT contained about 2–3 m3 of muck at  the bottom with radiation levels of 0.02–0.05 mGy/h. It 
was decided to decontaminate the tank by fluidizing the muck  and pumping the slurry through a filter. 
The filter got clogged very soon. This method was abandoned and the muck  was removed manually 
by scooping and collecting it in buckets. The contents of the buckets were transferred to mild steel 
drums kept on top of the HUT. Finally, the compartments were flushed with water. The drum 
containing muck was reading 0.05 mGy/h on contact.   

After cutting the support legs, the SS tank inside the western compartment was taken out through a 
manhole using a chain pulley block.  The tank had a contact radiation level of 0.02 mGy/h. After 
external decontamination, the tank was sent to an active scrap yard. 

As a next step, the top portion of the HUT was broken using a pneumatic drill and hammer. As the 
structure was strong  with thick reinforcement bars, the progress of the work was slow. After breaking 
the top, the side walls were broken from outside.  Because of this technique, soil around the tank had 
to be excavated up to a distance of 2 m all around the HUT. The large volume of the removed soil was 
frequently checked for contamination so as to segregate contaminated soil from the bulk of 
uncontaminated soil. Except for the surface layer around the HUT and near the inspection chamber for 
input HDPE line, the rest of the soil did not show any detectable contamination.  

To make the soil monitoring simpler, fast and more effective, a lead castle of 5 cm thick shielding was 
provided in a shed near the work site and 0.1 kg soil samples collected in polythene bags were 
checked with an end window Geiger Muller detector inside the shield. This helped in estimating soil 
contamination of a very low level resulting  into effective segregation of inactive soil from active soil. 

Huge blocks of the side walls from the RCC were pulled out using a crane (Fig.1) and were carried by 
a forklift for disposal.  Water accumulated in the excavated portion did not show any detectable alpha 
or beta activity.  

Figure 1. Hut demolition in progress. 

The workers were required to use boiler suits, plant shoes, surgical nose masks, and caps.  Air samples 
collected during the operation did not show any airborne radioactivity. The contractor’s personnel 
engaged for the job were briefed on health physics aspects and also given hands on training for 
protective clothing. They were checked for personal contamination at the monitoring facility 
madeavailable in the nearby area. 

1.4. Demolition of effluent ring with chambers 
The radiation level in the chambers was in the range of 0.01–0.02 mGy/h. The chambers were 
decontaminated using long handled mops. The bottom muck and water were removed before breaking 
the chambers to prevent the spread of contamination. The cement and brick structure of inspection 
chambers was broken using crow bars and hammer. The debris was packed in polythene bags and 
collected in carbon steel (CS) boxes. The contact dose on the boxes was 0.002–0.003 mGy/h. In few 
cases, the soil adjacent to the chambers also had to be removed to the extent of 0.3–0.6 m as it showed 
contamination. The drain lines coming from the plant were either blocked or diverted before their 
dismantling. 

1.5. Radiological data 
The basic strategy adopted for the waste disposal was to treat the debris of the entire tank structure and 
inspection chambers as radioactive waste for disposal in earthen trenches and bulk of the soil free from 
detectable contamination as earth fill  for low lying area within the site boundary. Table 1 shows the 
data of solid waste generated during the decommissioning operations. Beta and alpha activity in the 
muck collected from the HUT showed 5,000 to 8,000 kBq/kg and 1,200 to 1,600 kBq/kg respectively. 
The collective estimated dose to the workers was insignificant. The work execution spanned from 
December 1998 to May 2000. 

Table 1. Generation of solid waste 

Year Volume, m3 Fision Product Activity, 
MBq

1998 52.8 6,466 

1999 437.2 24,566 

2000 443.5 40,811 

Total 933.5 71,843 

2. Decommissioning of air lock cell 

2.1. Introduction 
The air-lock cell (ALC) facility of the Waste Immobilization Plant (WIP), (Tarapur) housed two 
shielded boxes, each measuring 1 m × 1 m × 1.5 m and one fume hood measuring 1 m × 1 m × 1 m. 
The shielded boxes were equipped with a decapping unit, auto-pipetter, electronic balance, infra red 
lamp, etc. for handling of high level liquid waste (HLLW)  and its dilution. The boxes were shielded 
with 50 mm CS plates, four plates at left, right, top surfaces and two plates at bottom. The front side 
was shielded with 100 mm thick lead bricks.  The shielded boxes got heavily contaminated due to 
usage. The radiation field inside the shielded boxes varied from 15 to 100 mGy/h. ALC was having 
general radiation background in the range of 2–5 mGy/h with several spots ranging from                      
5 to 30 mGy/h.

2.3. Job planning 
Experienced staff was drawn to form a multi-disciplinary task force to plan the decommissioning 
activities. The execution of the job was divided into three phases after extensive safety review. A 
rubber station was set up just outside the ALC with all entries into the ALC  regulated under a special 
work permit (SWP) coverage. Periodic checking and decontamination of the area was carried out to 
prevent the spread of contamination. Overshoes, PVC boiler suits, facemasks and fresh airline 
respirators were employed as personnel protective equipment. 

2.4. Phase-I 
A wall of 50 mm carbon steel plate and 50 mm lead brick was erected at the bottom portion of the 
front and left side of the shielded boxes to reduce the radiation shine from the bottom portion. 
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to be excavated up to a distance of 2 m all around the HUT. The large volume of the removed soil was 
frequently checked for contamination so as to segregate contaminated soil from the bulk of 
uncontaminated soil. Except for the surface layer around the HUT and near the inspection chamber for 
input HDPE line, the rest of the soil did not show any detectable contamination.  

To make the soil monitoring simpler, fast and more effective, a lead castle of 5 cm thick shielding was 
provided in a shed near the work site and 0.1 kg soil samples collected in polythene bags were 
checked with an end window Geiger Muller detector inside the shield. This helped in estimating soil 
contamination of a very low level resulting  into effective segregation of inactive soil from active soil. 

Huge blocks of the side walls from the RCC were pulled out using a crane (Fig.1) and were carried by 
a forklift for disposal.  Water accumulated in the excavated portion did not show any detectable alpha 
or beta activity.  

Figure 1. Hut demolition in progress. 

The workers were required to use boiler suits, plant shoes, surgical nose masks, and caps.  Air samples 
collected during the operation did not show any airborne radioactivity. The contractor’s personnel 
engaged for the job were briefed on health physics aspects and also given hands on training for 
protective clothing. They were checked for personal contamination at the monitoring facility 
madeavailable in the nearby area. 

1.4. Demolition of effluent ring with chambers 
The radiation level in the chambers was in the range of 0.01–0.02 mGy/h. The chambers were 
decontaminated using long handled mops. The bottom muck and water were removed before breaking 
the chambers to prevent the spread of contamination. The cement and brick structure of inspection 
chambers was broken using crow bars and hammer. The debris was packed in polythene bags and 
collected in carbon steel (CS) boxes. The contact dose on the boxes was 0.002–0.003 mGy/h. In few 
cases, the soil adjacent to the chambers also had to be removed to the extent of 0.3–0.6 m as it showed 
contamination. The drain lines coming from the plant were either blocked or diverted before their 
dismantling. 

1.5. Radiological data 
The basic strategy adopted for the waste disposal was to treat the debris of the entire tank structure and 
inspection chambers as radioactive waste for disposal in earthen trenches and bulk of the soil free from 
detectable contamination as earth fill  for low lying area within the site boundary. Table 1 shows the 
data of solid waste generated during the decommissioning operations. Beta and alpha activity in the 
muck collected from the HUT showed 5,000 to 8,000 kBq/kg and 1,200 to 1,600 kBq/kg respectively. 
The collective estimated dose to the workers was insignificant. The work execution spanned from 
December 1998 to May 2000. 

Table 1. Generation of solid waste 

Year Volume, m3 Fision Product Activity, 
MBq

1998 52.8 6,466 

1999 437.2 24,566 

2000 443.5 40,811 

Total 933.5 71,843 

2. Decommissioning of air lock cell 

2.1. Introduction 
The air-lock cell (ALC) facility of the Waste Immobilization Plant (WIP), (Tarapur) housed two 
shielded boxes, each measuring 1 m × 1 m × 1.5 m and one fume hood measuring 1 m × 1 m × 1 m. 
The shielded boxes were equipped with a decapping unit, auto-pipetter, electronic balance, infra red 
lamp, etc. for handling of high level liquid waste (HLLW)  and its dilution. The boxes were shielded 
with 50 mm CS plates, four plates at left, right, top surfaces and two plates at bottom. The front side 
was shielded with 100 mm thick lead bricks.  The shielded boxes got heavily contaminated due to 
usage. The radiation field inside the shielded boxes varied from 15 to 100 mGy/h. ALC was having 
general radiation background in the range of 2–5 mGy/h with several spots ranging from                      
5 to 30 mGy/h.

2.3. Job planning 
Experienced staff was drawn to form a multi-disciplinary task force to plan the decommissioning 
activities. The execution of the job was divided into three phases after extensive safety review. A 
rubber station was set up just outside the ALC with all entries into the ALC  regulated under a special 
work permit (SWP) coverage. Periodic checking and decontamination of the area was carried out to 
prevent the spread of contamination. Overshoes, PVC boiler suits, facemasks and fresh airline 
respirators were employed as personnel protective equipment. 

2.4. Phase-I 
A wall of 50 mm carbon steel plate and 50 mm lead brick was erected at the bottom portion of the 
front and left side of the shielded boxes to reduce the radiation shine from the bottom portion. 
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Electrical connections to both the shielded boxes and instruments were removed prior to initiation of 
the work. The following activities were carried out: 

The contaminated drain line with a valve reading 15–20 mGy/h  was cut and removed. 

The dedicated blower used for creating a vacuum in the shielded boxes was isolated and preserved for 
reuse. 

The auto-pipetter could be removed from the side opening of the double door sample transfer port. 
Because of its size,a  quick manual entry was made from the top for the removal of an electronic 
balance. After decontamination, these items were saved for reuse. 

2.5. Phase-II 
The Phase-II work involved dismantling of the shielded boxes, their base structure and fume hood. As 
the shielded box-1 (SB-1) had higher radiation field and crowded layout, initially cutting of shielded 
box-2 (SB-2) was taken to gain experience.  

2.5.1. Dismantling of shielded box-2 
After removing the top angle support by gas cutting, the front upper layers of lead bricks (up to 
window) were removed.  At this stage, both arms of articulated manipulators were removed. Four top 
plates measuring 4 m × 2 m were cut into a desired size and removed through the cell top opening with 
the help of a crane. Similarly, side plates of 2 m × 2 m were also cut and removed. To prevent the 
plates getting attached to each other during gas cutting, metallic spacers were inserted between the 
plates. To set the inner SS box free, it was isolated from the air and water service lines, the transfer 
port connecting to SB and the off gas line. The SS box was cut in such a way that the heavily 
contaminated bottom piece remained as a tray and the upper portion (reading less than 2 mGy/h) 
remained as two separate pieces. Electrode cutting was employed for cutting the SS box. Heavy 
contamination in the bottom tray was fixed by using polymer  prior to its disposal. The viewing 
window was recovered and retained for future use.  

2.5.2. Dismantling of shielded box-1  
Unlike SB-2, this shielded box had a working platform. It also had a drain line with funnel to pour 
unused liquid sample.  This box also had pneumatic sample bottle transfer lines penetrating from the 
back side. In order to retain these lines for their future use, the SS box around these lines was cut to 
make it free. The heavy contamination resulted in a radiation reading of 30–120 mGy/h in the bottom 
tray portion of the SS box. This contamination was fixed using a cement concrete mixture. 

The base structure consisted of CS “I” beams and 50 mm thick plates having hot spots of 50–60 
mGy/h in certain areas . Before cutting the base structure into pieces, the service lines, which were 
found to be welded to the I beams, were required to be isolated and blinded.

2.5.3. Dismantling of fume hood 
All the eight off gas sampling lines were shut down, cut and blinded. All the gas-scrubbing bottles 
were removed. Since the contamination level of the fume hood was not high, it was retrieved and 
retained for future use after decontamination.  

2.6. Phase-III 
After removal of the engineered structures from the ALC, the floor was chipped using a pneumatic 
hammer after wetting the floor to minimize the air activity.  The floor had a radiation levels of 40–50 
mGy/h in a 2 m2 area. To reduce exposure, a 25 mm thick CS plate was used as shielding for the 
workers to stand on and chipping operation was carried out. Five CS plates, part of the support of 
shielded boxes anchored to the floor were removed during floor chipping.  General chipping was 
carried out up to a value of 7.5 cm and area near the hot spots was chipped up to a length of 15–20 cm. 
Air samples were examined for airborne radioactivity and fresh airline respirators were used during 
complete chipping operations. During re-flooring with concrete, 12 mm CS plates and 50 mm lead 

bricks were embedded near the hot spots to bring down the radiation field. Background radiation level 
came down to 0.02–0.05 mGy/h.   

2.6.1. Radiological data 
Phase-II work was started in September 2004 and phase III was completed in July 2005. In this job, 27 
people were employed. Tables 2 and 3 give the data related with generation of solid waste, radiation 
exposure and air activity. 

Table 2. Waste volumes and activity 

 Phase – II  Phase – III  

Waste Category Volume, m3 Activity, GBq Volume, m3 Activity, GBq 

Cat-I 37.3 73.4 19.9 41.22
Cat-II 5.2 135.24 4.9 498.21
Cat-III 4.5 752.95 0.2 277.5
Total 47 961.59 25 816.93

Table 3. Radiation exposure and air activity 

Phase Radiation 
exposure
person�mSv 

Total man�entries Maximum air 
activity�

                      � DAC       � DAC 

Phase - I 2.4 7 - - 

Phase - II 165.7 350 29 86

Phase - III 90 230 31 435

Total 258.1 587 - -

� � and � DAC values are arrived at conservatively taking the total activity due to 90Sr and 241Am 
respectively. 

3. Revamping of intermediate level cell 

3.1. Introduction  
A bituminization plant was erected in the intermediate level (IL) cell of  WIP, (Tarapur) for treatment 
of intermediate level liquid waste (ILLW). The cell measured 4 m × 4 m × 10 m and housed major 
equipment such as wiped film evaporator and associated feed, scrub, condensate tanks. Due to 
problems in the handling of bituminous material, it was decided to replace this process by an ion 
exchange treatment process based on a special resorcinol formaldehyde polycondensate resin [1]. 

3.2. Decontamination and decommissioning 
The radiation level on the process tanks varied from 0.1 to 1.5 mGy/h after removal of the radioactive  
inventory from inside the process equipment and initial washing. Decontamination of equipment was 
then carried out using kerosene as a solvent to remove the bituminous material. To minimise the 
generation of waste kerosene, a vacuum distillation technique [2] was employed to purify the used 
kerosene and recycle the same for reuse. With the average decontamination factor (DF) of 5×103  and 
volume reduction factor of 22, the decontamination campaign ended with only about 0.2 m3 of waste 
kerosene against the use of equivalent of 3.5 m3 fresh kerosene. 
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Electrical connections to both the shielded boxes and instruments were removed prior to initiation of 
the work. The following activities were carried out: 

The contaminated drain line with a valve reading 15–20 mGy/h  was cut and removed. 

The dedicated blower used for creating a vacuum in the shielded boxes was isolated and preserved for 
reuse. 

The auto-pipetter could be removed from the side opening of the double door sample transfer port. 
Because of its size,a  quick manual entry was made from the top for the removal of an electronic 
balance. After decontamination, these items were saved for reuse. 

2.5. Phase-II 
The Phase-II work involved dismantling of the shielded boxes, their base structure and fume hood. As 
the shielded box-1 (SB-1) had higher radiation field and crowded layout, initially cutting of shielded 
box-2 (SB-2) was taken to gain experience.  

2.5.1. Dismantling of shielded box-2 
After removing the top angle support by gas cutting, the front upper layers of lead bricks (up to 
window) were removed.  At this stage, both arms of articulated manipulators were removed. Four top 
plates measuring 4 m × 2 m were cut into a desired size and removed through the cell top opening with 
the help of a crane. Similarly, side plates of 2 m × 2 m were also cut and removed. To prevent the 
plates getting attached to each other during gas cutting, metallic spacers were inserted between the 
plates. To set the inner SS box free, it was isolated from the air and water service lines, the transfer 
port connecting to SB and the off gas line. The SS box was cut in such a way that the heavily 
contaminated bottom piece remained as a tray and the upper portion (reading less than 2 mGy/h) 
remained as two separate pieces. Electrode cutting was employed for cutting the SS box. Heavy 
contamination in the bottom tray was fixed by using polymer  prior to its disposal. The viewing 
window was recovered and retained for future use.  

2.5.2. Dismantling of shielded box-1  
Unlike SB-2, this shielded box had a working platform. It also had a drain line with funnel to pour 
unused liquid sample.  This box also had pneumatic sample bottle transfer lines penetrating from the 
back side. In order to retain these lines for their future use, the SS box around these lines was cut to 
make it free. The heavy contamination resulted in a radiation reading of 30–120 mGy/h in the bottom 
tray portion of the SS box. This contamination was fixed using a cement concrete mixture. 

The base structure consisted of CS “I” beams and 50 mm thick plates having hot spots of 50–60 
mGy/h in certain areas . Before cutting the base structure into pieces, the service lines, which were 
found to be welded to the I beams, were required to be isolated and blinded.

2.5.3. Dismantling of fume hood 
All the eight off gas sampling lines were shut down, cut and blinded. All the gas-scrubbing bottles 
were removed. Since the contamination level of the fume hood was not high, it was retrieved and 
retained for future use after decontamination.  

2.6. Phase-III 
After removal of the engineered structures from the ALC, the floor was chipped using a pneumatic 
hammer after wetting the floor to minimize the air activity.  The floor had a radiation levels of 40–50 
mGy/h in a 2 m2 area. To reduce exposure, a 25 mm thick CS plate was used as shielding for the 
workers to stand on and chipping operation was carried out. Five CS plates, part of the support of 
shielded boxes anchored to the floor were removed during floor chipping.  General chipping was 
carried out up to a value of 7.5 cm and area near the hot spots was chipped up to a length of 15–20 cm. 
Air samples were examined for airborne radioactivity and fresh airline respirators were used during 
complete chipping operations. During re-flooring with concrete, 12 mm CS plates and 50 mm lead 

bricks were embedded near the hot spots to bring down the radiation field. Background radiation level 
came down to 0.02–0.05 mGy/h.   

2.6.1. Radiological data 
Phase-II work was started in September 2004 and phase III was completed in July 2005. In this job, 27 
people were employed. Tables 2 and 3 give the data related with generation of solid waste, radiation 
exposure and air activity. 

Table 2. Waste volumes and activity 

 Phase – II  Phase – III  

Waste Category Volume, m3 Activity, GBq Volume, m3 Activity, GBq 

Cat-I 37.3 73.4 19.9 41.22
Cat-II 5.2 135.24 4.9 498.21
Cat-III 4.5 752.95 0.2 277.5
Total 47 961.59 25 816.93

Table 3. Radiation exposure and air activity 

Phase Radiation 
exposure
person�mSv 

Total man�entries Maximum air 
activity�

                      � DAC       � DAC 

Phase - I 2.4 7 - - 

Phase - II 165.7 350 29 86

Phase - III 90 230 31 435

Total 258.1 587 - -

� � and � DAC values are arrived at conservatively taking the total activity due to 90Sr and 241Am 
respectively. 

3. Revamping of intermediate level cell 

3.1. Introduction  
A bituminization plant was erected in the intermediate level (IL) cell of  WIP, (Tarapur) for treatment 
of intermediate level liquid waste (ILLW). The cell measured 4 m × 4 m × 10 m and housed major 
equipment such as wiped film evaporator and associated feed, scrub, condensate tanks. Due to 
problems in the handling of bituminous material, it was decided to replace this process by an ion 
exchange treatment process based on a special resorcinol formaldehyde polycondensate resin [1]. 

3.2. Decontamination and decommissioning 
The radiation level on the process tanks varied from 0.1 to 1.5 mGy/h after removal of the radioactive  
inventory from inside the process equipment and initial washing. Decontamination of equipment was 
then carried out using kerosene as a solvent to remove the bituminous material. To minimise the 
generation of waste kerosene, a vacuum distillation technique [2] was employed to purify the used 
kerosene and recycle the same for reuse. With the average decontamination factor (DF) of 5×103  and 
volume reduction factor of 22, the decontamination campaign ended with only about 0.2 m3 of waste 
kerosene against the use of equivalent of 3.5 m3 fresh kerosene. 
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4. Revamping of vitrification cell and future plans 
The vitrification cell of WIP, (Tarapur) houses concentration and vitrification process for HLLW. The 
flow sheet consists of equipment like metallic melters, evaporators and various process tanks for feed, 
concentrate, condensate, scrub etc. [3]. The cell is also equipped with various gadgets for remote 
operations such as viewing windows, master slave manipulators, power manipulator, impact wrench, 
in-cell crane and product removal trolley. The thermosyphon evaporator used for waste evaporation 
and fractionator developed corrosion related problems after extensive usage. In parallel, a joule melter 
for vitrification of HLLW has been developed. Therefore, it is planned to revamp and refurbish the 
vitrification cell with a new joule melter and process vessels. The radiation field in the cell varies from 
30–170 mGy/h. The tanks and the cell will be thoroughly decontaminated internally and externally 
before starting decommissoning. Available remote operation equipment will be used to minimise the 
radiation exposure. 

5. Conclusions 
It was possible to decontaminate the compartments of the HUT to a level of no loose contamination 
just by mopping and washing without the necessity of using any chemicals or reagents. 

Soil excavated from around the HUT area did not show any detectable contamination indicating high 
integrity of HUT walls, making concrete a suitable candidate for tank structural material for low level 
liquid effluent system. 

Migration of activity to the nearby soil from some of the inspection chambers was not beyond 30–60 
cm indicating the good absorptive properties of the soil. 

Effective use of sampling helped to segregate the contaminted soil from the bulk of the 
uncontaminated soil. 

Temporary mobile shields can be gainfully used to reduce radiation exposure. Likewise, development 
of job specific remote handling equipment should be given due priority. 

Purification steps employed for used kerosene and reuse of recovered equipment proved to be a 
prudent way of minimizing the generation of waste. 

Like in normal operation and maintenance, planning and training plays an important role in 
decommissioning. With adequate training and supervision, some of the decommissioning activities 
can be successfully outsourced. 
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 Abstract. The International Atomic Energy Agency supported Argentine fellowships to the BR3 
reactor, at the SCK/CEN in Mol, Belgium. During the training program, unique opportunities were offered to 
participate actively in the decommissioning project. This has helped CNEA to better understand and anticipate 
the needs that will be required for future decommissioning of Argentine facilities. The aim of this presentation is 
to show the benefits of such fellowships and also how the lessons learned can be implemented in 
decommissioning projects for developing countries with low economic resources. A fellowship on an actual 
decommissioning project gave us better knowledge and understanding than a theoretical course. The active 
participation in decommissioning activities at the nuclear reactor BR3, together with qualified personnel, offered 
us the opportunity to meet, face and solve different problems that can be encountered in other nuclear facilities. 
The training programme includes: dismantling strategy, radiological measurements, ALARA concept and 
optimisation, cutting techniques, mechanical decontamination and dismantling of contaminated components. As 
the aim of the fellowship was to put knowledge into practice, the dismantling of a tank, the dismantling of 
contaminated loops and mechanical decontamination of concrete blocs were foreseen in the training. 
Comparisons of different cutting tools and different decontamination methods were also carried out. This was 
immediately useful for decommissioning work in the CNEA atomic centre. The “Lessons Learned” during the 
training are described in the paper. 

1. Introduction 
The International Atomic Energy Agency supported Argentine fellowships to the BR3 reactor, at the 
SCK/CEN in Mol, Belgium. The training programme includes: dismantling strategy, radiological 
measurements, ALARA concept, cutting techniques, mechanical decontamination and dismantling of 
contaminated components. The aim of the fellowship was to put knowledge into practice. The 
dismantling of a tank, the dismantling of contaminated loops and mechanical decontamination of 
concrete blocs were foreseen in the training. 

2. Dismantling training 

2.1. Dismantling of a SS tank 
The first period of the fellowship was dedicated to dismantling activities, beginning with the 
dismantling of a stainless steel tank, placed beside the steam generator in the control area of the BR3. 
The aim was to find all the documentation of the component (drawings, reports, flow sheet, etc.), to 
perform the dose and contamination measurements, to decide the way to remove the tank and the tools 
employed to cut it, to estimate the time and the collective dose of the team worker, to write the 
dismantling work instruction, to perform the dismantling and to write the final report. The dismantling 
operation was successfully made following the dismantling work instruction. 

The features of the component were the following: 

Material: Stainless Steel (SS); 

Weight:   749 kg; 

External diameter: ~1 m; 

Height: ~ 6 m. 
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4. Revamping of vitrification cell and future plans 
The vitrification cell of WIP, (Tarapur) houses concentration and vitrification process for HLLW. The 
flow sheet consists of equipment like metallic melters, evaporators and various process tanks for feed, 
concentrate, condensate, scrub etc. [3]. The cell is also equipped with various gadgets for remote 
operations such as viewing windows, master slave manipulators, power manipulator, impact wrench, 
in-cell crane and product removal trolley. The thermosyphon evaporator used for waste evaporation 
and fractionator developed corrosion related problems after extensive usage. In parallel, a joule melter 
for vitrification of HLLW has been developed. Therefore, it is planned to revamp and refurbish the 
vitrification cell with a new joule melter and process vessels. The radiation field in the cell varies from 
30–170 mGy/h. The tanks and the cell will be thoroughly decontaminated internally and externally 
before starting decommissoning. Available remote operation equipment will be used to minimise the 
radiation exposure. 

5. Conclusions 
It was possible to decontaminate the compartments of the HUT to a level of no loose contamination 
just by mopping and washing without the necessity of using any chemicals or reagents. 

Soil excavated from around the HUT area did not show any detectable contamination indicating high 
integrity of HUT walls, making concrete a suitable candidate for tank structural material for low level 
liquid effluent system. 

Migration of activity to the nearby soil from some of the inspection chambers was not beyond 30–60 
cm indicating the good absorptive properties of the soil. 

Effective use of sampling helped to segregate the contaminted soil from the bulk of the 
uncontaminated soil. 

Temporary mobile shields can be gainfully used to reduce radiation exposure. Likewise, development 
of job specific remote handling equipment should be given due priority. 

Purification steps employed for used kerosene and reuse of recovered equipment proved to be a 
prudent way of minimizing the generation of waste. 

Like in normal operation and maintenance, planning and training plays an important role in 
decommissioning. With adequate training and supervision, some of the decommissioning activities 
can be successfully outsourced. 
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Comparisons of different cutting tools and different decontamination methods were also carried out. This was 
immediately useful for decommissioning work in the CNEA atomic centre. The “Lessons Learned” during the 
training are described in the paper. 

1. Introduction 
The International Atomic Energy Agency supported Argentine fellowships to the BR3 reactor, at the 
SCK/CEN in Mol, Belgium. The training programme includes: dismantling strategy, radiological 
measurements, ALARA concept, cutting techniques, mechanical decontamination and dismantling of 
contaminated components. The aim of the fellowship was to put knowledge into practice. The 
dismantling of a tank, the dismantling of contaminated loops and mechanical decontamination of 
concrete blocs were foreseen in the training. 

2. Dismantling training 

2.1. Dismantling of a SS tank 
The first period of the fellowship was dedicated to dismantling activities, beginning with the 
dismantling of a stainless steel tank, placed beside the steam generator in the control area of the BR3. 
The aim was to find all the documentation of the component (drawings, reports, flow sheet, etc.), to 
perform the dose and contamination measurements, to decide the way to remove the tank and the tools 
employed to cut it, to estimate the time and the collective dose of the team worker, to write the 
dismantling work instruction, to perform the dismantling and to write the final report. The dismantling 
operation was successfully made following the dismantling work instruction. 

The features of the component were the following: 

Material: Stainless Steel (SS); 

Weight:   749 kg; 

External diameter: ~1 m; 

Height: ~ 6 m. 
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Before the practical execution of the dismantling of the tank the work place was prepared. 

The preparation consisted of covering the working floor around the tank, up and downstairs with 
plastic, so that no pieces could fall down. Scaffoldings or stairs were used. The operators wore 
protective clothes, double overalls, shoes, gloves, head cover and mask. The cutting tools used were a 
nibbler and a grinder in the cutting workshop. The composition of the dismantling team was one 
supervisor responsible of the work, two operators for cutting the tank and one radiation protection 
technician. 

The SS tank was cut in three pieces with a nibbler and transferred to a workshop for cutting into small 
pieces with a grinder. After this, the small segments were transferred in a 300 litre plastic container to 
the chemical decontamination workshop. The estimated collective dose was compared with the real 
collective dose. 

Figure 1. The SS Tank before dismantling. Figure 2. Cutting the upper part with nibbler. 

2.2. Dismantling of a contaminated loop 
The second period of the fellowship was dedicated to dismantling a contaminated loop. The purpose 
was to remove some pipes, valves and pumps belonging to the loop, in order to allow the further 
dismantling of a glove box, which was situated in the chemistry laboratory.  

The dismantling operations took place in the controlled area just near the glove box room. The 
dismantling working team was composed of: one operator, one supervisor and the health physics 
technician. The workers worn a full-protection mask with cartridge and thick gloves. Before beginning 
the works, the area was carefully cleaned. 

The preparation of the area consisted principally of making space to let the area be easily reachable, 
that meant to move drums, pipes and valves and to put plastic foil on the ground and on the wall in 
order to collect the potential effluents.  

Collecting drums were prepared for effluents and for the produced waste from dismantling. 

Before beginning the cuts, the pipes were drained by opening the valves and the potential liquid 
effluents were collected.  

The cutting of the pipes were performed using an electrical and linear saw; about 14 blades were 
necessary to perform the work (very thick pipes = high pressure sampling).  

The chemical pumps were unbolted from their bases and metal structures. It was forbidden to use the 
grinder for cutting the bolts due to the potential spread of alpha contamination. 

We also used for some pipes hydraulic shears but as some leaks occurred so we stopped using them. 
The dismantled material was put in 200 l. drums. The drums were then weighted and sent to the "hot 
cutting workshop" in order to sort them to reduce their volume.  

Some effluents collected during cutting were analysed and afterwards put into the BR3 collecting 
tanks. The total collective dose was compared with the estimated collective dose. 

Figure 3. Electrical Saw.      Figure 4. Hydraulic Shears. 

Figure 5. Loop before dismantling. 

3.  Mechanical decontamination training 
This period was dedicated to mechanical decontamination of a concrete block, by means of manual 
tools with a diamond disc, following the work instruction. The concrete block was used as a platform 
for two pumps placed in the control area and they were slightly contaminated on some surfaces. The 
decontamination was achieved by removing 5 mm of material using a flex type disc sander with 
diamond sandpaper. The work was performed in a ventilated and filtrated enclosure. Since this kind of 
operation produce considerable dust, the solution was to install a bigger aspirator over the concrete 
block being decontaminated. 

The decontaminated block was evacuated as recyclable industrial concrete. 

The total time to perform the work was 4.5 hours and the team was composed of three persons. The 
concrete block before decontaminated weight was 1910 kg including an iron plate weighing 172 kg. 
The Radiation Control technician measured the contaminated concrete block and the contamination 
results were less than 5 Bq/dm². 

The liberated block (1710 kg) was released as industrial waste and the dust (28 kg) was treated like 
nuclear waste. 
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Figure. 6. The concrete block before decontamination. Figure 7. The block after decontamination. 

4. Benefits of the fellowship 
A fellowship on an actual decommissioning project gave us more knowledge and understanding than 
theoretical course. The active participation in dismantling and decontamination activities at the nuclear 
reactor BR3, together with qualified personnel, offered us the opportunity to meet, face and solve 
different problems that can be encountered in other nuclear facilities. Nowadays, the knowledge 
obtained is being implemented for dismantling activities of some nuclear components in the Argentine 
Atomic Centers. This means following the principal steps in decommissioning activities: storing of 
records and drawings, planning, characterization (radiological measurements), dismantling strategy, 
preparing collective dose estimation, writing the work instruction and writing the final report after the 
decommissioning. 

5. Lessons learned 
The lessons learned during the fellowship at BR3 were very fruitful for me and for my institution, 
since I got a lot of information and knowledge. An active participation in decommissioning activities, 
like a member of the working team, gave me the necessary tools to deploy dismantling work in my 
company. 

Actually, we take into account the lessons learned for the implementation in decommissioning of 
nuclear components with low economic resources. The most important lessons learned are the 
following:

� Consider the experience of other decommissioning projects. Since BR3 has a vast experience 
we can exchange opinions about technologies, tools, strategies, etc, before putting them into 
practice;  

� It is better to use only proven technology, and it is important to check with other operators that 
have used these methods; 

� The deployment preparation operation is often longer than the operation itself; 

� The reliability of the technology is an important factor to consider when we need to select a 
process; 

� The tool and deployment systems must be easily decontaminated; 

� Type and size of secondary waste is very important. 

Related with tools needed for D&D activities we learned the following lessons: 

� Before use of any new tool for dismantling and decontamination operations cold tests have to be 
performed; 

� The grinder could be the most useful cutting tool, but the production of aerosols is a  problem;  

� Hydraulic shears (used for cutting pipes) are efficient but also heavy and not so comfortable to 
handle; 

� The diamond disc grinder works well to remove contaminated surface of concrete blocks, but 
the production of dust is also a problem.   
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Abstract: This paper highlights the important technical and social aspects related to the 
decommissioning process of a facility in São Paulo, Brazil, where monazite ore resultant from the milling of 
heavy sands from Brazilian beaches was processed, both physically and chemically, from 1945 up to July 1992, 
to obtain rare earth oxides.  The decommissioning activities were conducted step by step, on a graded approach 
basis, during 5 years, in spite of an initial judicial decision establishing a period of 12 months for its completion. 
Two major challenges were faced; firstly, to convince the representatives of the Ministry of Justice, based on 
technical arguments, of the need to extend the period of time previously postulated for the clean up of the area 
and, secondly, to define an acceptable site for the storage of (i) the radioactive by-product, rich in uranium and 
thorium, as well as the 228Ra waste, already in storage, (ii) the waste that would be generated during the 
dismantling and decontamination of the plant, and (iii) the waste arising from the decontamination of the local 
soil. Most recently, the Brazilian Justice, the Ministry of Labour and the São Paulo Legislative Power have 
notified the Brazilian Nuclear Energy Commission and the Operator, Brazilian Nuclear Industries, to present 
further evidence to stakeholders that the released site was free from radioactivity and other pollutants, and that 
the storage site imposed no harm to the workers in the surrounding areas. Lessons learned from this process 
points out the importance of the early engagement of all environmental regulatory authorities in the process of 
nuclear decommissioning as well as the need to get the participation of representatives of the local population, 
which might feel affected by the presence (or even the removal of) nuclear facilities in the neighbourhood. 

1. Introduction 
The monazite ore resultant from the milling of heavy sands in Brazil were, processed in a facility built 
in the city of São Paulo, in order to obtain the rare earth oxides. This processing gave rise to a sub-
product rich in uranium (2%) and thorium (20%, in the form thorium hydroxide) as well as a 
radioactive waste containing 228 Ra, named mesothorium. The process was performed from 1995 
through July 1992. 

The Santo Amaro facility (USAM) was composed of 3 specific units: physical treatment of ores; 
chemical treatment of monazite and separation of rare earths. Problems related to the storage of large 
quantities of thorium hydroxide, produced during decades of operation, as well as the need for the safe 
disposal of the mesothorium waste, contributed significantly to the closure of USAM. 

2. The decommissioning process 
The process of decommissioning of the USAM facility (Figure 1) started in October 1993, when the 
operator, Brazilian Nuclear Industries, INB, submitted a decommissioning plan to the Brazilian 
Nuclear Energy Commission, for analysis and approval. 

Due to a judicial decision [1], the decommissioning of the above mentioned facility was scheduled to 
be performed within a period of 12 months. This determination forced the Brazilian Nuclear Energy 
Commission, CNEN, to create a technical working group with the duties of analysing its viability. 
Experts from CNEN in the fields of licensing, waste management, radiological protection and 
environmental impact concluded that the minimum time required for this task would be 30 months, 
counting from the beginning of the effective work of dismantlement and decontamination.  

In March 1994, the technical staff from both the Licensing and Control Superintendence (SLC) and  
Radiation Protection and Dosimetry Institute (IRD) of the Nuclear Safety Directorate of CNEN, 
together with experts from its research institutes, as well as from the operator, INB, met in São Paulo 
and proposed a technically acceptable solution in line with Brazilian Regulation [3,4]. The scope of 
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this proposal was for the existing radioactive material and for the material that would be generated 
during the decontamination and dismantling work,  i.e.:  

(i) the products and by-products stored at USAM;  

(ii) (ii) the waste that would be generated during the dismantling and decontamination of the 
plant;  

(iii) (iii) the waste arising from the decontamination of the local soil. 

One of the sheds of another INB installation, USIN, located at Interlagos, São Paulo, was adapted to 
provisionally store the products and by-products of USAM as well as the radioactive waste from the 
decommissioning activities. This shed was considered to be a radioactive facility and all radiological 
protection requirements established by the Brazilian Radiological Protection Regulation were applied 
to this facility. 

In November 1994, the judge of the public prosecutor's office of the State of São Paulo agreed with 
the technical arguments of CNEN and extended the decommissioning time from 12 to 30 months, as 
suggested by the experts. From March 1994, the decommissioning based on a 30 months planned 
activities was put into force [2]. 

Figure 1. - Santo Amaro Plant USAM  External perimeter. 
During the years of 1994 and 1995, the majority of equipment from the monazite physical treatment 
unit were dismantled. In April 1995, some equipment and debris were auctioned and the equipment 
that could be still used was transferred to other INB units. Radioactive waste such as contaminated 
pavement, small metallic pieces, soil, bricks, etc. were placed in metallic containers and transferred to 
the provisional storage building at USIN. All of the activities carried out by the operator were audited 
and inspected by CNEN. 

During 1996, a revision of the first decommissioning plan was performed and the dismantling of the 
rare earth separation process section was also accomplished. Two new auctions were conducted to sell 
the equipment and material that were cleared from regulatory control. Furthermore, all by-products 
and waste (such as thorium hydroxide, tri-sodium phosphate, mesothorium and the highly 
contaminated cartridge filters) were transferred to USIN. 

A system was built in the area of the chemical treatment of monazite for the decontamination of 
metallic pieces. This system started to operate in December 1996 to decontaminate thousands of 
contaminated pieces from the physical treatment area of the facility (see Figures 2 and 3). 

  Figure 2. Dismantled equipment    Figure 3. Chemical treatment area 

In 1997, the period of time allowed for the decommissioning of the plant was once again extended, to 
allow for the safe dismantling of the chemical treatment unit, the most difficult task. CNEN required 
detailed reports of the planned dismantling activities to be analysed and approved before any action 
was taken. These reports included the radiological procedures that would be followed by the involved 
workers, the estimate of individual doses and the information regarding waste management procedures 
that would be adopted during this critical phase. CNEN also conducted several inspections and audits, 
at least once a month, in order to verify the compliance with the approved procedures.  

In December 1997, INB submitted a comprehensive plan for the demolishing of the USAM buildings 
and some soil samples were sent for laboratory analysis, especially for the determination of existing 
radionuclides and total alpha and beta/gamma activities.  

Furthermore, CNEN required from INB the submission of:  

(i) a detailed decommissioning plan, including waste management and radiological procedures for 
the demolishing of the buildings (floors, walls, sanitary system, water distribution system, etc);  

(ii) procedures that would be adopted for the radiological characterization of the site (depth of soil 
samples, frequency, etc.) and frequency of reports to be submitted to CNEN; 

(iii) the radiological criteria to be used for clearance;  

(iv) (iv) a radioactive waste plan including the necessary and appropriate description of waste 
packages;  

(v) (v) description of the scenarios that would be used for the determination of soil clearance values 
(cut off limit) due to necessity to liberate the area for unconditional use;  

(vi) (vi) radiological procedures for the workers involved in the clean up; and (vii) procedures to 
control and guarantee that the doses on the neighbouring  population would not exceed 1 mSv/a. 

With respect to the protection of the workers, a maximum value of 50 mSv/a was adopted and they 
were obliged to use special garments, masks, gloves and individual dosimeters. 

The evaluation of surface contamination on floors, walls and metallic pieces was based on one 
measurement performed in every 2 m x 2m area by means of wipe tests (to determine removable 
contamination).  

The evaluation of soil contamination, as established by CNEN, was based on the collection and 
analysis of surface subsurface samples 1 m deep taken in every 4 m x 4 m area. Depending on the 
preliminary results, the size of the area from which the contaminated sample was taken was reduced. 
An equivalent limit of 300 cps was also adopted as a clearance value (typical background level of the 
region). Also, a maximum concentration limit of 600 Bq/kg was adopted. 

The clearance values established for floors, walls, materials and equipment are shown in Table 1. 
CNEN also established a maximum concentration limit of 0.6 Bq/g along with the above limits to be 
applied for soils. 

Table 1 Clearance levels for surface contamination 

Surface contamination limits Type of radiation 
Regulatory limit Operational limit 

Alpha 0.3 Bq/cm2 0.25 Bq/cm2

Beta-gamma 3 Bq/cm2 2.5 Bq/cm2

The clearance value adopted for the decontamination of the metallic pieces was approved by CNEN 
with the objective of reducing the amount (volume) of the possible generated waste without imposing 
a negative impact on people and environment. For liquid effluents, a maximum value of 1.5x104

Bq/m3 (15 Bq/l) was established for the mixture, based on the more restrictive radionuclide present in 
the effluent 226 Ra.  
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In 1998, three auctions were held to sell the scrap which had contamination below the established 
limits. The demolishing process was done in three steps: (a) the laboratory areas, workshop and boiler; 
(b) the monazite physical treatment unit and storage shed; and (c) the monazite chemical treatment 
unit. 

In March 1998, CNEN authorised the demolition of the area occupied by the monazite physical 
treatment unit, with the exception of some compartments in the area of thorium crystallisation, since 
contamination levels were above the established clearance levels. Soil contamination in two of these 
compartments was also detected. 

In June 1998, two working areas began to present structural problems, due to the removal of many hot 
spots of walls and floors and  CNEN authorised the complete demolishing of these compartments.  

From June to August 1998, CNEN authorised the complete demolition of two working areas, since 
they presented structural problems due to the removal of many hot spots of walls and floors. The  

administrative building and another working area from the monazite chemical treatment unit were also 
demolished, after specific authorisations were issued by CNEN.  

The radioactive waste generated from these decommissioning steps were placed in metallic boxes and 
metallic containers, transported to another INB installation, (USIN), located in the same city and 
stored in a shed. All the conditioning and transport of the waste were inspected by CNEN. 

The scenarios calculations performed by the Radiological Protection and Dosimetry Institute (IRD), 
based on unconditional use of the area (soil), led to a clearance value of 600 Bq/kg of 226Ra, for soil.

3. The closing of the decommissioning activities 
In December, 1998, experts from IRD conducted a complete radiometric survey of the soil within the 
plant, concluding that the surface clean-up work performed  was sufficient to reduce the superficial 
contamination of the area to the same levels of the natural background of the region. Figure 4 pictures 
the site after the end of the decommissioning activities. A total of 13,000 m2 of constructed area were 
demolished and an area of 16,503 m2 of soil was removed (an average of 50 cm of soil depth, resulting 
in a waste volume of the order of 8,250 m3). Table 2 gives the inventory of the radioactive material 
removed from the site. Table 3 provides a summary of the doses received by the workers. 

Figure 4. Clean area after USAM decommissioning work 

Table 2 Material removed from USAM and stored in shed 

MATERIAL VOLUME 

(m3)

ACTIVITY 

(1012 Bq) 

Thorium Hidroxide 325 5 

228 Ra 39 0.22 

Debris 372 1.5x10-5

Table 3 Radiation doses of workers involved in the decommissioning of USAM 

Effective Dose Number of workers 

>10 mSv 0 

> 5 mSv        and       � 10 mSv 8

> 1 mSv        and       � 5 mSv 46

> 0.1 mSv        and       � 1 mSv 30

Undetectable 50 

4. The judicial process and lessons learned 
After the site was cleared for unrestricted use, a private enterprise started the construction of 
residential blocks of buildings, as shown in Figure 5. However, in January 2003, the Public Ministry 
of the State of São Paulo required a meeting with representatives of CNEN and INB, as well as with 
the local environmental regulatory body (CETESB), among others, to discuss the concern of 
neighbours regarding the presence of radioactivity in the decommissioned site.  

       
Figure 5. Construction of residential blocks of buildings in the cleared site 

In March, 2003, a technical note prepared by a consultant to the Public Ministry reported the presence 
of a contaminated piece of tubing in the site and detected radiation levels above local background in 
some spots, which required the conduction, by CNEN, of one more comprehensive radiological survey 
in the site. No piece of contaminated tubing was found nor radiation levels above natural local 
background were detected. Notwithstanding this fact, in May 2004, the builders notified CNEN that 
the environmental regulatory body, CETESB, was prepared to determine the interruption of the 
construction work unless further investigation regarding the presence of radioactivity at depths of the 
order of 10 metres were conducted. 

In October 2004, a further meeting was required by the Public Ministry of São Paulo, in which 
occasion CNEN gave exhaustive evidence that the site was fully decontaminated and released for 
unconditional use. In this meeting, the environmental body showed its concern with contamination by 
toxic chemical substances other than radioactive and a plan was put forward to clarify this question, to 
be implemented by the former owner of the site, INB, under supervision of CNEN. 
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An analysis of the whole process described in this paper points out the fact that disinformation of the 
pubic and other stakeholders on nuclear issues can impose several difficulties to the otherwise 
relatively simple decommissioning of a former monazite processing plant. 

5. Conclusion 
The Brazilian Nuclear Industries (INB) successfully performed the decommissioning of a monazite 
processing plant in Brazil, over a period of time of approximately 5 years, under close surveillance of 
the Brazilian Nuclear Energy Commission, CNEN.  

Previous to any decommissioning activity, efforts should be made to improve communication on 
radiation matters with members of the public residing in the neighbourhood of nuclear sites as well as 
with other stakeholders.  

Strong consideration should also be given by the nuclear regulatory authority to the follow up of 
compliance with non-radiological requirements established by environmental regulatory bodies, before 
releasing the site for unconditional use. 
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Abstract: On-site nuclear measurements are indispensable at various stages of decommissioning 
projects. This paper will firstly describe the trends that can be drawn up from recent experience in France. A 
technical description of recently developed measurements techniques will be reported, as well as lessons learned 
through in-situ operations. This mainly includes gamma imaging, gamma spectrometry and calculation codes: 
Calculation codes are increasingly used in association with nuclear measurements. The paper will summarise 
how they are generally operated, as well as recent trends in this area. Gamma imaging techniques have been 
operated for almost 10 years in many french decommissioning projects. Typical operations in various plants will 
be described, as well as the main outcomes which can be expected from this technology. Regarding gamma 
spectrometry, the paper will firstly discuss compact CdZnTe probes, which usually fit with decommissioning 
requirements, especially in highly irradiating conditions. Recent achievements in this area will be reported. Low 
level measurements of concrete structures with high resolution gamma spectrometry will also be assessed. These 
items will be illustrated by various examples of recent operations: final control of buildings, radiological 
characterisation of cells, components or vessels in different kinds of shutdown facilities, such as reactors, 
reprocessing plants and waste storage area. Limitations as well as improvement possibilities will be addressed as 
well. The last part of the paper will focus on technical needs that might be identified in this field. 

1. Introduction 
On- site nuclear measurements are indispensable at various stages in a decommissioning project. Prior  
to decommissioning, it is difficult to envisage the proper course of action without a solid basis for 
decision. Experience has often shown that insufficient radiological data can lead to difficulties, 
generally resulting in higher costs. During the decontamination phase, regular measurements ensure 
the effectiveness of the processes implemented to eliminate the radioactivity, and allow updating of 
the radiological status of the facility. At the end of the process, a final measurement is necessary in 
view of the declassification of the premises.  

Nuclear measurement instrumentation is widely commercially available today, especially for surface 
contamination, dose rate measurements and for gamma spectrometry. Many suppliers exist, in most of 
the "nuclear" countries. This instrumentation has been marketed for a long time, basically for radiation 
protection or waste management purposes.  

This paper describes some recent achievements regarding on-site measurements in decommissioning 
operations: gamma imaging, CdZnTe gamma spectrometry, low level high resolution gamma 
spectrometry and user- friendly calculation codes. The equipment and performance will be reported, as 
well as lessons learned through on-site operations.  

Although this new equipment can definitely be of great help to decommissioning projects, new 
techniques should be investigated. This issue will be discussed in the last part of the paper. 

2. Gamma imaging 
Gamma imaging is designed to quickly localize irradiating sources or hot spots. This technique is 
relatively new: the first operational prototypes were developed during the 1990s, mainly for 
decommissioning applications [1]. As the main requirement was to produce a compact unit, the CEA 
initially focused on pinhole gamma cameras that are capable of superimposing a gamma image on the 
corresponding visible-light image. An industrial version, called the Cartogam gamma camera, was 
available in 2000 [2, 3]. 

The operating range extends from 0.1 µGyh to about 5 Gyh for the observation of a 137Cs point source.  
Modeling and experience have shown that the gamma camera can be operated in an ambient dose rate 
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up to a few tens of Gyh, providing that prolonged exposure to point sources producing a few Gyh is 
avoided. As the camera is protected by a Denal collimator and annular shield 2 cm thick, the upper 
limit is much higher for extended sources than for point sources. 

(a) 

Irradiation sources in a 

power reactor circuit 

Acquisition time : 60s 

Dose rate : 0.7 mGyh 

Spectrum : n.a. 

(b) 

Hot spots in a reprocessing 
cell

Acquisition time : 20 s 

Dose rate : 50 mGyh 

Spectrum : mainly 137Cs,
125Sb 

(c) 

Contamination deposit in a 
glovebox

Acquisition time : 300 s 

Dose rate : < 1µGyh 

Spectrum : Pu/Am isotopes 

(d)

Removal of an activated 
component from a reactor vessel  

acqq. Time : 60 s 

dose rate 1 mGyh  

(e) 

Old waste monitoring 

Acquisition time : 30s 

Dose rate : approx. 1 mGyh

(f) 

Same scene as (e) from 

another view point.

Figure 1.:Operation of gamma imaging in different kinds of nuclear plants 

The acquisition time depends on both of the camera settings and the dose rate. It usually ranges 
between 10 seconds and a few minutes. Low level imaging (< 1 µGyh) requires longer durations, up to 
a few tens of minutes.  

In addition to localizing activity concentrations, which remains their primary objective, gamma 
cameras can also be used to estimate the dose rate produced by a source within the field of view. The 
signal analyzed is the net integral of the region corresponding to the source, divided by the acquisition 
time. This requires, however, a known radiation energy and experimental calibration of the system. 
Moreover, as only unscattered radiation from the image is acquired, the dose rate may be 
underestimated in case of thick shields between the source and the camera. This interesting feature is 
fully mature regarding point sources. The related uncertainty remains below +/- 30%, which is 
acceptable. As regards extended sources, dose rate quantification is still on a validation stage; 
however, recent results turn out to be quite encouraging.  

For the last ten years, gamma imaging has been increasingly operated in most types of fuel cycle 
facilities (see Figure1), with different objectives :  

� To obtain a radiological inventory of cells or individual components before or during 
decommissioning; 

� To optimize radiological protection by identifying hot spots that significantly contribute to the 
ambient irradiation; 

� To improve the knowledge of the radiological state of waste. 

Although gamma cameras were not specifically designed for waste monitoring, experience showed 
that gamma images of waste could be useful. As an example, Figure 1e and 1f  show two convergent 
images of the same drums. Obviously, the most irradiating source is located on the bottom of the drum 
which stands at the right side. The experience in this area is limited, but it is likely that compact 
gamma imaging devices can be of great interest in those areas where old radioactive waste need to be 
sorted without requesting bulky equipment.  

Experience has shown that gamma imaging was to be preferably operated in association with other 
compact measurement tools. Figure 2a shows a gamma camera prototype coupled with a visible color 
camera, a dose rate probe as well as a collimated gamma spectrometry probe (CdZnTe) [4]. A  Laser 
pointer mounted on the collimator is aligned with the collimator centerline. This association results in 
a compact device, which can bring about a detailed radiological characterization: The location and 
extent of each hot spot (gamma imaging), the gamma spectrum of each of them (collimated gamma 
spectrometry), the "unscattered" dose rate produced by each hot spot (gamma imaging) as well as 
ambient dose rate. These data can be used as input data of radiation modeling tools, resulting in a 3D 
radiological model [7] (see part 3). 

(a) (b) 

Figure 2. Gamma camera and equipment (a) – CdZnTe compact gamma spectrometry detector 
(b). 

Although the usefulness of gamma imaging has been proven, some drawbacks still need to be 
addressed:  

� The price of equipment, which generally exceeds 150 k€; 

� It requires experienced operators; 

� Gamma imaging can be affected by strong radiation sources outside of the field of view; and  

� The sensitivity does not allow low level operations, such as release measurements or low level 
environmental monitoring. 

3. Gamma spectrometry 

3.1. CdZnTe detectors 
A recent trend regarding gamma spectrometry is the use of compact CdZnTe detector, a 
semiconductor crystal capable of room-temperature operation. These detectors can be used with 
conventional gamma spectrometry electronics to obtain spectra in hard to access or  congested  areas. 
Since 1998, the CEA has extensively qualified these detectors in a variety of environments: 
reprocessing cells, reactors (mainly activation products [5]), and waste monitoring (241Am/137Cs ratio). 
Underwater operations were also successfully carried out [6]. 

CZT detector 

Gamma camera 

Color camera 

Dose rate probe 

Laser 
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Industrial detectors are  now available with volumes ranging from 0.5 mm3 to 1500 cm3.  The smallest 
detectors can be operated in high irradiation fields, up to 10 Gyh (137Cs). Conversely, the biggest 
crystal are suitable for low level measurements, around 1 µGyh (137Cs). Experience showed that these 
probes could meet many requirements related to decommissioning:  

� They are affordable, which enables operation in contaminated areas; 

� Their compacity allows them to be inserted in simple collimators of reasonable size and weight; 

� No cooling is required; and 

� They ensure acceptable spectral resolution (generally less than 2 keV at 662 keV), which is 
compatible with the spectra encountered in dismantling work, usually containing no short-lived 
elements. It should be noticed that the best resolution is reached with the smallest crystals (less 
than 1.5 % at 662 keV).  

Figure 3 shows a comparison between CdZnTe and a Germanium spectra, under similar operating 
conditions. The high resolution of Ge spectrum results in numerous well defined photopeaks. As 
regards CdZnTe spectra, only the main peaks are detected. Table 1 displays the percentages of each 
detected radio-isotopes after spectrum processing. The main isotopes (58Co, 60Co, 110mAg) are detected 
by both detectors. However, only Ge can identify correctly small contributors. Such benchmark 
operations should be followed up in future.  

Figure 3. Gamma spectrometry spectra (dark blue : Ge – pink : CdZnTe). 

Table 1 Results of the above displayed gamma spectra 

Ge

(%) 

± 2�

(%)

CZT 500 

(%) 

± 2�

(%)
58Co 43.7 1.5 44.9 7.2 
60Co 16.1 0.8 14.3 2.9 

110mAg 30.4 1 32.2 4.6 
124Sb 6 0.5 8.6 4.3 
122Sb 0.7 0.2   
54Mn 0.1 0.1   
51Cr 3 0.8   

Despite an acceptable resolution, the use of CdZnTe detectors is subject to one major difficulty, the 
peaks are skewed and therefore require careful spectrum analysis. The resulting uncertainty can be 
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significantly high. Moreover, automatic spectrum detection and analysis cannot be considered reliable, 
and hence not advisable. 

3.2. Low level gamma spectrometry 
When large concrete surfaces or soils have to be monitored to low levels, gamma spectrometry can be 
used. High resolution Ge gamma spectrometry was successfully operated to control the radiological 
state of concrete walls. The objective was to confirm the conventional classification of rooms, i.e. the 
non detection of artificial radioactivity.  

For this purpose, a high purity Ge (40% relative efficiency) was selected. A specific collimator was 
designed, so as to monitor a (2d)² square area when standing d meters away from the wall. Within a 
measuring time of 3 minutes, the detection limit was quite low : below 0.1 Bq.g-1 for both of the 
��emitting artificial radioisotopes to be detected (137Cs and 60Co). Of course, this implies knowing 
ratios between � and non � emitters. The conversion between the measured data and the specific 
activity of the wall is based on the following hypotheses:  

� The remaining activity is supposed to be homogenously distributed within a given deep layer, 2 
cm in this case. This leads to an overestimation in comparison of a more realistic exponentially 
decreasing gradient within the same depth. It should be noticed that any remaining hot spot is 
excluded by scanning the controlled area with a surface contamination meter, with a detection 
limit of 800 Bq; 

� The detected signal is considered to be emitted only by  the (2d)² square observed by the 
collimator, as if the latter was perfect. This also results in an overestimated result.  

An uncollimated measurement may also be carried out. In this case, the spectra analysis is performed 
in the same way as collimated measurements, also leading to an overestimated result. This method 
turned out to be quite effective, as more than 5000 m² of concrete walls were controlled in a nuclear 
reactor building. It is increasingly being considered in other decommissioning projects. 

4. Calculation codes 
Calculation codes and nuclear measurements have been successfully associated for many years. On-
site measurement interpretation requires the measured configuration to be modeled: source geometry, 
shielding (if any), and detector position. By assigning an activity—generally a unit value (1 Bq·cm-2 or 
1 Bq·cm-3)—to the source, the code calculates the dose rate or flux density at the measured data point. 
The actual activity of the measured component is then determined by simple proportionality. In other 
words, the measurement of a standard source is replaced by a calculation, hence the term “numeric 
calibration”[7]. This method was recently adapted to heterogeneously contaminated (or activated) 
components [8].  

User-friendly gamma radiation modeling codes have recently been developed to estimate the dose 
received by an operator (or by a measuring tool) in a 3D environment [9, 10]. This requires a 3D 
radiological model to be defined, using traditional measuring tools (such as dose rates measurement), 
or/and newly developed techniques, such as gamma imaging.  The validity of the model obtained can 
be estimated using simple means, like ambient dose rate measurements, providing that these 
measurements are not used in the input data definition. As a consequence of this trend,  user-friendly 
software is being more widely used in decommissioning projects. Having said this, even if they have 
become increasingly common, calculation codes still require experienced operators  

5. Needs 
In the above sections, some of the major advances in recent years in nuclear measurements were 
highlighted. Some of them have reached an industrial stage. This is the case of gamma imaging, as 
gamma cameras are commercially available now. Low-level gamma spectrometry is also widely 
operated by specialized companies. But technological development in this field is still under way, as 
there are still needs that should be addressed:  

� Regarding gamma imaging, the main development targets are the improvement of the 
sensitivity, and the reduction of background, as well as the reduction of the size of the cameras. 
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Industrial detectors are  now available with volumes ranging from 0.5 mm3 to 1500 cm3.  The smallest 
detectors can be operated in high irradiation fields, up to 10 Gyh (137Cs). Conversely, the biggest 
crystal are suitable for low level measurements, around 1 µGyh (137Cs). Experience showed that these 
probes could meet many requirements related to decommissioning:  

� They are affordable, which enables operation in contaminated areas; 

� Their compacity allows them to be inserted in simple collimators of reasonable size and weight; 

� No cooling is required; and 

� They ensure acceptable spectral resolution (generally less than 2 keV at 662 keV), which is 
compatible with the spectra encountered in dismantling work, usually containing no short-lived 
elements. It should be noticed that the best resolution is reached with the smallest crystals (less 
than 1.5 % at 662 keV).  

Figure 3 shows a comparison between CdZnTe and a Germanium spectra, under similar operating 
conditions. The high resolution of Ge spectrum results in numerous well defined photopeaks. As 
regards CdZnTe spectra, only the main peaks are detected. Table 1 displays the percentages of each 
detected radio-isotopes after spectrum processing. The main isotopes (58Co, 60Co, 110mAg) are detected 
by both detectors. However, only Ge can identify correctly small contributors. Such benchmark 
operations should be followed up in future.  

Figure 3. Gamma spectrometry spectra (dark blue : Ge – pink : CdZnTe). 

Table 1 Results of the above displayed gamma spectra 
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(%) 

± 2�

(%)

CZT 500 

(%) 

± 2�

(%)
58Co 43.7 1.5 44.9 7.2 
60Co 16.1 0.8 14.3 2.9 

110mAg 30.4 1 32.2 4.6 
124Sb 6 0.5 8.6 4.3 
122Sb 0.7 0.2   
54Mn 0.1 0.1   
51Cr 3 0.8   

Despite an acceptable resolution, the use of CdZnTe detectors is subject to one major difficulty, the 
peaks are skewed and therefore require careful spectrum analysis. The resulting uncertainty can be 
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significantly high. Moreover, automatic spectrum detection and analysis cannot be considered reliable, 
and hence not advisable. 

3.2. Low level gamma spectrometry 
When large concrete surfaces or soils have to be monitored to low levels, gamma spectrometry can be 
used. High resolution Ge gamma spectrometry was successfully operated to control the radiological 
state of concrete walls. The objective was to confirm the conventional classification of rooms, i.e. the 
non detection of artificial radioactivity.  

For this purpose, a high purity Ge (40% relative efficiency) was selected. A specific collimator was 
designed, so as to monitor a (2d)² square area when standing d meters away from the wall. Within a 
measuring time of 3 minutes, the detection limit was quite low : below 0.1 Bq.g-1 for both of the 
��emitting artificial radioisotopes to be detected (137Cs and 60Co). Of course, this implies knowing 
ratios between � and non � emitters. The conversion between the measured data and the specific 
activity of the wall is based on the following hypotheses:  

� The remaining activity is supposed to be homogenously distributed within a given deep layer, 2 
cm in this case. This leads to an overestimation in comparison of a more realistic exponentially 
decreasing gradient within the same depth. It should be noticed that any remaining hot spot is 
excluded by scanning the controlled area with a surface contamination meter, with a detection 
limit of 800 Bq; 

� The detected signal is considered to be emitted only by  the (2d)² square observed by the 
collimator, as if the latter was perfect. This also results in an overestimated result.  

An uncollimated measurement may also be carried out. In this case, the spectra analysis is performed 
in the same way as collimated measurements, also leading to an overestimated result. This method 
turned out to be quite effective, as more than 5000 m² of concrete walls were controlled in a nuclear 
reactor building. It is increasingly being considered in other decommissioning projects. 

4. Calculation codes 
Calculation codes and nuclear measurements have been successfully associated for many years. On-
site measurement interpretation requires the measured configuration to be modeled: source geometry, 
shielding (if any), and detector position. By assigning an activity—generally a unit value (1 Bq·cm-2 or 
1 Bq·cm-3)—to the source, the code calculates the dose rate or flux density at the measured data point. 
The actual activity of the measured component is then determined by simple proportionality. In other 
words, the measurement of a standard source is replaced by a calculation, hence the term “numeric 
calibration”[7]. This method was recently adapted to heterogeneously contaminated (or activated) 
components [8].  

User-friendly gamma radiation modeling codes have recently been developed to estimate the dose 
received by an operator (or by a measuring tool) in a 3D environment [9, 10]. This requires a 3D 
radiological model to be defined, using traditional measuring tools (such as dose rates measurement), 
or/and newly developed techniques, such as gamma imaging.  The validity of the model obtained can 
be estimated using simple means, like ambient dose rate measurements, providing that these 
measurements are not used in the input data definition. As a consequence of this trend,  user-friendly 
software is being more widely used in decommissioning projects. Having said this, even if they have 
become increasingly common, calculation codes still require experienced operators  

5. Needs 
In the above sections, some of the major advances in recent years in nuclear measurements were 
highlighted. Some of them have reached an industrial stage. This is the case of gamma imaging, as 
gamma cameras are commercially available now. Low-level gamma spectrometry is also widely 
operated by specialized companies. But technological development in this field is still under way, as 
there are still needs that should be addressed:  

� Regarding gamma imaging, the main development targets are the improvement of the 
sensitivity, and the reduction of background, as well as the reduction of the size of the cameras. 
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Although coded aperture gamma cameras are still on a qualification phase, this new 
configuration is likely to bring about a significant decrease of the detection limits [11, 12]. On 
the other hand, the pixilated prototypes that were recently unveiled might lead to significant 
technological breakthroughs in this area [13].  

� CdZnTe gamma spectrometry is also increasingly becoming more common in decommissioning 
or radiation protection applications, but automatic spectrum processing is not fully reliable yet, 
and should be considered in the forthcoming years. Recently, new scintillation materials 
appeared, such as LaBr3 or LaCl3. Their relevancy in decommissioning operations should also 
be checked; 

� The trend towards calculation codes with 3D interfaces is definitely under way, mainly 
regarding gamma radiation. More interactive and precise systems might be developed by 
applying virtual reality techniques coupled with optimized numeric methods. However, this may 
still require a good knowledge of the radiological conditions (source position and activity) to 
obtain reliable results; 

� Remote alpha imaging was demonstrated to be possible in the last few years. A prototype was 
designed, based on the UV fluorescence of nitrogen under alpha irradiation. Laboratory 
qualifications and on-site tests were successfully carried out [3,14]. This technology could be of 
great interest in the decommissioning of alpha contaminated area such as glove boxes. 
However, it requires to be operated in a complete darkness, which is sometimes rather difficult 
to get. This strong limitation should be addressed in the future;  

� When contaminated or activated concrete walls need to be treated, the knowledge of penetration 
depth of the contamination is often required. This implies samples to be drilled, followed by 
costly and time consuming laboratory analyses. In this area, non-destructive techniques could 
provide a cost-effective alternative. Interesting achievements were already worked out in 137Cs
contaminated soils [15]. As regards concrete, there is no reliable non- destructive technique 
available now, despite some attempts being made. Due to the large amounts of contaminated or 
activated concrete walls in nuclear facilities, this area should be further investigated in the 
future;

� Another area of great interest is sampling. Almost every decommissioning project has to deal 
with sampling, and sampling requires statistical tools. For example, statistical tools should be 
considered to optimize the number of nuclear measurements to be carried out. This would 
probably help when large areas need to be characterized. 

6. Conclusion 
In France, the first decommissioning operations unveiled new technical needs regarding nuclear 
measurements: the location of hot spots, the operation of compact and cheap equipement, the ability to 
monitor large areas. In addition, as calculation codes are closely connected to on-site nuclear 
measurements, such as the need for friendly user software arose.  

As a result, technological development led to new equipment or methods. Many European research 
and development programs on the decommissioning of nuclear installations were conducted, mostly in 
the 1990's. It probably helped the quick development and operation of new techniques, closing the gap 
between research prototypes and operational equipment. For example, gamma imaging was still in its 
infancy 10 years ago. This technology is now mature and industrial equipment has been commercially 
available for more than 5 years. Regarding radiation modeling, new codes with user-friendly interfaces 
are getting increasingly operated, whereas this kind of tool was reserved for experts in the past.  

According to the European commission, at least 200 facilities within the enlarged European Union 
will need to be decommissioned over the next 20 years. Needless to say that developments and 
technological qualification in decommissioning technologies might be followed up, including on-site 
measurement tools. The exchange of information on decommissioning techniques should be extended.  
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Although coded aperture gamma cameras are still on a qualification phase, this new 
configuration is likely to bring about a significant decrease of the detection limits [11, 12]. On 
the other hand, the pixilated prototypes that were recently unveiled might lead to significant 
technological breakthroughs in this area [13].  
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� Another area of great interest is sampling. Almost every decommissioning project has to deal 
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considered to optimize the number of nuclear measurements to be carried out. This would 
probably help when large areas need to be characterized. 
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In France, the first decommissioning operations unveiled new technical needs regarding nuclear 
measurements: the location of hot spots, the operation of compact and cheap equipement, the ability to 
monitor large areas. In addition, as calculation codes are closely connected to on-site nuclear 
measurements, such as the need for friendly user software arose.  

As a result, technological development led to new equipment or methods. Many European research 
and development programs on the decommissioning of nuclear installations were conducted, mostly in 
the 1990's. It probably helped the quick development and operation of new techniques, closing the gap 
between research prototypes and operational equipment. For example, gamma imaging was still in its 
infancy 10 years ago. This technology is now mature and industrial equipment has been commercially 
available for more than 5 years. Regarding radiation modeling, new codes with user-friendly interfaces 
are getting increasingly operated, whereas this kind of tool was reserved for experts in the past.  
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Lessons learned from the decommissioning of the Saxton nuclear experimental 
corporation facility 
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Abstract. The Saxton Nuclear Experimental Corporation (SNEC) Facility, a 23.5 MWt reactor, operated 
from 1962 to 1972. From 1972 to 1974 it was partially decontaminated and placed in a storage condition. By the 
mid-1980’s a decision was made to complete the decontamination and demolition of Saxton support structures. 
Appropriate structural maintenance of these support structures during the shutdown period could have extended 
their life. This lesson learned has direct applicability to owners of other shutdown facilities. The SNEC support 
facility decontamination project occurred during 1987 to 1989. NRC regulatory practice at that time was to 
perform a 100% confirmatory survey following submittal of the licensee’s final survey report. This process took 
several years and building demolition took place in 1992. Since that time NRC rules and practices have changed 
such that decommissioning activities can be accomplished more efficiently. In 1995 the owners made a decision 
to complete the decommissioning of the remainder of the facility which included the steel containment vessel 
(CV) which housed the nuclear system components. A site characterization plan was developed and performed 
based on the remaining nuclear related structures. In 1998, based on published guidance from the NRC, a 
Historical Site Assessment (HSA) was performed which indicated that the adjacent coal-fired facility, which had 
been demolished in 1975, had also been impacted by SNEC Facility operations. Surveys taken in this area 
discovered radiological contamination above site release limits. This discovery added considerable scope and 
cost to the project. The key lesson is to perform an HSA in order to more accurately define project scope before 
hand. The SNEC Facility decommissioning project was a milestone in the current United States 
decommissioning process and these and other lessons learned from SNEC have direct applicability to other 
facilities. 

1. Introduction 
The Saxton Nuclear Experimental Corporation Facility (Saxton) was a pressurized water reactor 
(PWR), which was licensed to operate at 23.5-megawatts thermal power (23.5 MWTh).  The facility 
was a Westinghouse designed Pressurized Water Reactor (PWR) and operated from 1962 to 1972 as a 
research and training facility.  In 1972, the license was amended to possess but not operate the Saxton 
reactor. 

Saxton was built on the east side of the Saxton Steam Generating Station (SSGS) a coal fired electrical 
generation facility owned by the Pennsylvania Electric Company (Penelec), (one of the three utilities 
that owned Saxton). Steam produced by Saxton was fed to one of the turbine-generators in the fossil 
plant to generate electricity. 

The Saxton site consisted of a 0.46 hectare tract deeded from Penelec and was entirely contained 
within the Penelec site that comprises approximately 60 hectares along the Juniata River.  
Approximately 4 hectares surrounding the Saxton property was fenced in around an electrical 
switchyard and a line crew facility still in use by Penelec. 

Located on the Saxton site were: 

• A Containment Vessel (CV) which housed the Reactor Vessel, Primary System, associated 
Auxiliary systems and a fuel storage pool, Two Auxiliary buildings; 

• Two Auxiliary Buildings; 

• The Control and Auxiliary (C&A) Building which housed the control room and reactor services, 
including the health physics and chemistry laboratories, laundry, repair shops, offices, etc.; and, 
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was a Westinghouse designed Pressurized Water Reactor (PWR) and operated from 1962 to 1972 as a 
research and training facility.  In 1972, the license was amended to possess but not operate the Saxton 
reactor. 

Saxton was built on the east side of the Saxton Steam Generating Station (SSGS) a coal fired electrical 
generation facility owned by the Pennsylvania Electric Company (Penelec), (one of the three utilities 
that owned Saxton). Steam produced by Saxton was fed to one of the turbine-generators in the fossil 
plant to generate electricity. 

The Saxton site consisted of a 0.46 hectare tract deeded from Penelec and was entirely contained 
within the Penelec site that comprises approximately 60 hectares along the Juniata River.  
Approximately 4 hectares surrounding the Saxton property was fenced in around an electrical 
switchyard and a line crew facility still in use by Penelec. 

Located on the Saxton site were: 

• A Containment Vessel (CV) which housed the Reactor Vessel, Primary System, associated 
Auxiliary systems and a fuel storage pool, Two Auxiliary buildings; 

• Two Auxiliary Buildings; 

• The Control and Auxiliary (C&A) Building which housed the control room and reactor services, 
including the health physics and chemistry laboratories, laundry, repair shops, offices, etc.; and, 
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• The Radioactive Waste Disposal Facility (RWDF) contained the liquid and solid radioactive 
waste treatment equipment; 

• A pipe tunnel connecting the CV and C&A Building to the RWDF; 

• The filled drum storage bunker which stored packaged radwaste awaiting shipment, and a 

• Refueling Water Storage Tank and Pumphouse which contained borated water for use by the 
safety injection system. 

From 1962 to 1972 three fuel cycles were completed with a total of 1,005.16 effective full power days 
accumulated.  After shutdown in 1972, the facility was placed in a condition equivalent to a status now 
defined by the US Nuclear Regulatory Commission (NRC) as “SAFSTOR”. The nuclear fuel was 
removed from the Containment Vessel (CV) in 1972 and shipped to the Atomic Energy Commission 
(now U.S. Department of Energy) facility at Savannah River, SC., who remains as the owner of the 
fuel. In addition, the highly radioactive control rod blades and the superheated steam test loop 
assemblies were shipped off-site. Following fuel removal, equipment, tanks, and piping located 
outside the CV were removed.  The buildings and structures that supported reactor operations were 
partially decontaminated from 1972 through 1974.  

2. Perspective on contamination at Saxton 
Current NRC requirements for free release of a site is that residual radioactivity that is distinguishable 
from background results in a TEDE to an average member of the critical group that does not exceed 
25mrem/yr (0.25 mSv/yr). These low levels cannot be measured directly. Thus in order to determine 
the release criteria for any specific site, sophisticated analyses need to be performed. 

During decommissioning activities at Saxton radiation levels, with the exception of some areas in the 
containment vessel near the reactor vessel, were very low. The highest radiation levels encounterd 
external to the CV were in the C&A Building and the RWDF. These were less than a 0.1 mSv/hr. In 
general the other areas that were impacted by Saxton activities and required remediation such as the 
SSGS, discharge tunnel and yard area were within the range of the variation in background radiation 
for the site. To determine whether the contamination which existed in these areas originated from 
Saxton required that radiation readings be taken by a detector that looked specifically for the 137Cs
isotope and sending physical samples to off-site laboratories for more detailed analyses. As discussed 
further in this report, although radiological contamination was discovered to exist in many areas of the 
Saxton site these had no noticable impact on either groundwater monitoring or offsite radiation 
monitoring and required remediation as the result of mathematical models. 

3. Monitoring period 
During the period of 1974 to 1986 Saxton was placed in a locked storage condition. Technical 
Specifications required quarterly visits to perform monitoring and radiological surveys. During this 
period little to no maintenance was performed on the Saxton outbuildings and they deteriorated to a 
condition that made them unsafe for entry. In addition large quantities of water had accumulated in the 
pipe tunnel and the basement of the RWDF. This water was slightly contaminated by residual 
radioactivity left in these areas. These conditions required that actions be taken at Saxton to mitigate 
them. 

The first action taken was to discharge the slightly contaminated water. This required coordination 
with both the NRC and the Commonwealth of Pennsylvania. Following this task, a major 
decontamination effort was undertaken in all of the Saxton facilities external to the CV. 

The Saxton structures did not suddenly become unsafe, but deterioration had taken place over a 
number of years. Additionally this deterioration was not tracked and plans were not put in place for 
building decontamination and removal until the buildings had reached an advanced state of 
degeneration. In reviewing this history and in discussions with GPU Nuclear and other industry 
personnel the following recommendations were developed and applied to GPU Nuclear’s other 
shutdown facility, TMI-2 in 1994 when it was placed in monitored storage. These recommendations 
are also applicable to any facility entering a storage condition. 

4. Monitoring period lessons learned  
An ongoing maintenance program needs to be provided to maintain a safe, environmentally sound 
condition. Key components of this program are: 

Maintain ventilation flow in the facility, heated to some extent; 

Maintain humidity control to reduce corrosion; 

Maintain roofs and building outer shell in order to minimize inleakage and prevent building collapse; 

Be cognizant of spalling concrete and prevent rebar exposure/corrosion; 

Minimize groundwater intrusion; 

Ongoing surveillance and maintenance activities should be designed to assist identification of systems 
or components that may be deteriorating; 

Ensure the facility does not release contaminants to the environment (air, soil, surface and/or 
groundwater); 

Lay-up for storage tanks, piping and systems to prevent them from corroding from the inside out and 
creating spills; 

Develop a set of good as built drawings at time of shutdown; 

Remove demineralizer resins and filters; and 

Conduct interviews of long term employees to look for unexpected conditions that may not be 
adequately documented. 

Implementation of these recommendations will help ensure the facility is maintained in a habitable 
condition and that decommissioning planning can be conducted in an orderly fashion. 

5. Outbuilding decontamination and removal 
During the period from late 1986 to 1994 the Saxton Project team removed the water that had 
accumulated in the pipe tunnels and RWDF basement, decontaminated the buildings, performed 
release surveys, supported NRC required confirmation surveys, demolished the buildings and removed 
contaminated soil from the Saxton licensed property. 

The first phase of the decontamination effort was the removal of the groundwater from the pipe tunnel 
and the RWDF basement in order to gain access to these areas. In late 1986, groundwater was pumped 
into one of two 7,500 gallon holding tanks. The water was then sampled and analyzed for radiological 
and water quality characteristics prior to release. Approximately 210,000 gallons of water were 
released. All water was released in accordance with Federal and State regulations. 

The next phase of the decontamination effort involved removal of any remaining components such as 
ventilation ductwork, suspended ceiling tiles, control room consoles, doors, floor drains, etc. All 
materials were surveyed and disposed of either as clean scrap or radioactive waste. After the buildings 
were gutted, more detailed radiological surveys were performed on the floors walls and ceilings to 
locate areas needing further decontamination. 

The C&A Building required the least amount of decontamination, and as expected the RWDF required 
the most. In both buildings, however partial floor removal was required as contamination had 
penetrated completely through the concrete in areas of joints and cracks and some sub-building soil 
remediation was required. Additionally the concrete stairways in the RWDF were decontaminated to 
the point where they had to be replaced with temporary stairs. The pipe tunnel also required extensive 
decontamination. 

The majority of piping remaining in the reactor support buildings following shutdown was present in 
the pipe tunnel and RWDF. These pipes were associated with systems that contained radioactive 
materials. Floor drains and their associated piping were typically removed and disposed of as 
radioactive waste. Decontamination of pipes was performed with pneumatically operated tools with 
interchangeable grinding heads that could be inserted into the pipes. Wire brushes in conjunction with 
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naval jelly were used to remove rust and surface debris. Some materials were sent offsite for 
additional decontamination. 

The RWST and its associated pumphouse were dismantled. Contaminated sections were sent to an 
offsite processor and clean portions were disposed of as scrap. 

A comprehensive final release survey of the C&A and RWDF Buildings and their associated pipe 
tunnels was conducted from October 1988 to June 1989. Several areas were identified as inaccessible 
during the final release survey and designated as demolition hold points and were surveyed during 
dismantlement and demolition. 

This survey consisted of approximately 5000 one meter-squared grids resulting in over 60,000 survey 
measurements. Special surveys (pipes, conduits, holes, expansion joints etc.) were performed in 
approximately 1300 grids resulting in at least 8600 additional measurements. Initial survey results 
showed approximately 7% of grids and 6% of special surveys exceeded the average release criteria. 
These areas received further decontamination and were resurveyed. However, several electrical 
conduits and radwaste system pipes that could be decontaminated these were removed and disposed of 
during demolition.  

The “Final Release Survey of the Reactor Support Buildings” was submitted to the NRC in April of 
1990.  The NRC contracted with Oak Ridge Associated Universities (now the Oak Ridge Institute for 
Science and Education) to perform a confirmatory radiological survey. Their report was issued in June 
1991 over one year from the initial GPU Nuclear submittal. Final NRC approval to demolish these 
buildings was provided in May 1992 more than two years from the initial submittal. Demolition 
occurred from May to October 1992. 

6. Outbuilding decontamination and removal lessons learned 
• Cracks and floor joints in contaminated base slabs will inevitably result in contamination 

reaching the soil underneath. Planning should be conducted based on this assumption 

• Segregating clean from contaminated metal on site is a cost effective way of reducing the cost 
and volume of radioactive waste shipped for processing or disposal. 

• Attempting to decontaminate piping which had carried radioactive fluids is generally not cost 
effective. This material should be sent to an offsite processor. 

7. Final decommissioning 
In 1994 a decision was made to proceed with completing the decommissioning of the Saxton Facility. 
Because of restrictions in the Saxton license, NRC approval was needed before any significant work 
could be done. After consultation with the NRC and based on previous success with phased licensing 
approaches during the TMI-2 Clean-up, a decision was made to submit three requests. The first, 
approved in February 1995, was to allow characterization of the facility. The second, approved in July 
1996, was to allow performance of preparatory work for decommissioning. The third, approved in 
April 1998, was to obtain approval to perform decommissioning activities. The remainder of this paper 
will focus on the Characterization and Final Status Survey activities and lessons learned as they have 
broader applicability than the specific techniques used to decontaminate and dismantle Saxton. 

8. Characterization  
As stated above, Characterization was approved by the NRC in February 1995. A Characterization 
procedure was issued in March 1995. Based on lessons learned from previous decommissioning 
projects extensive concrete sampling inside the CV was specified and carried out. Characterization 
work and offsite analyses of physical samples continued through the end of 1995 and a 
Characterization Report was issued in May of 1996. This report was used in planning the 
decommissioning work at Saxton and to support the ongoing NRC approval process discussed above. 

Based on work progress, the initial License Termination Plan (LTP) for Saxton was developed and 
submitted to the NRC in February 1999. In April 1999 the NRC completed their acceptance review of 
the LTP and concluded there was not sufficient information to initiate a detailed review. It should be 

noted that this was one of the first two LTP’s submitted to the NRC and that the other LTP submitted 
at this time also lacked sufficient information to initiate a detailed review. 

Initial discussions with the NRC following this action indicated the need for Saxton to perform a 
Historical Site Assessment in accordance with the Multi Agency Radiological Survey and Site 
Investigation Manual (MARSSIM) [Reference 1]. This HSA was initiated in April 1999 and a 
preliminary report was issued in June 1999. The report revealed that many areas on the surrounding 
Penelec Property were impacted by Saxton operations and required characterization. The primary 
concern was the realization that the discharge tunnel from the former Saxton Steam Generating Station 
(SSGS) was used to provide dilution flow for radioactive liquid wastes from the Saxton Facility. An 
initial entry was made into the tunnel in July 1999 and revealed that what appeared to be the original 
plant discharge line was still in place. This line was contaminated well in excess of NRC release 
limits. The tunnel was also partially flooded and would require draining and sediment removal before 
more detailed characterization could be performed.  

In addition to the discharge tunnel, several other areas of the site identified in the HSA as requiring 
characterization. This resulted in the need to perform surveys, and if necessary, remediation not only 
in the discharge tunnel but also of the entire SSGS footprint including the basement of the SSGS 
which was buried under approximately 6 m of debris.   

Characterization at Saxton was an ongoing process and lead to a gradual increase in project scope as 
new areas of contamination were found. However because of conflicting priorities, characterization 
continued into 2004 and resulted in the Saxton impacted area growing from 0.46 hectares to 
approximately 14 hectares of which 5.7 hectares required some form of remediation. 

9. Characterization lesson learned 
• A Historical Site Assessment should be completed as the first step. Ideally this will be a living 

document during the Operational Phase, Plant Operations should be mindful of future 
decommissioning activities and thoroughly clean up after any spills. 

• A Groundwater monitoring program is important during operations to provide early detection of 
the deterioration of underground lines, outside tanks, leaks through building cracks, etc. 

• Characterization should be given a high priority, and License Termination Plan preparation 
should be performed as a project with dedicated resources. In the case of Saxton, a small staff 
and competing production priorities prevented this activity from being performed most 
efficiently. Bad news costs more near the end of a project. 

• When performing characterization surveys, scanning and sampling should be performed in close 
proximity in time to each other to ensure as complete a picture as possible is obtained early 
enough not to impact schedules. 

• Members of the Characterization/LTP Team should be part of production planning activities to 
ensure the impact of characterization data on production activities is appropriately reflected in 
the schedule. 

• Characterization efforts should focus on areas were bad news could significantly impact budgets 
and schedules. These high risk areas need to be identified early in the decommissioning process. 

• There is a difference between large area scanning and discrete monitoring. Many times an 
elevated reading in a discrete survey can be an indicator of extensive subsurface contamination. 

• Consideration should be given to the possibility that contaminated material may be shielded 
below ground or behind concrete. 

10. Final status survey 
The process for performing a Final Status Survey (FSS) is contained in the LTP, but the actual 
mechanics evolved for the Saxton site as a result of “lesson’s learned” by the project. The process 
consisted of several phases. 
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During remediation, in process surveys were taken to help ensure all areas were being cleaned 
effectively. Remediation continued until it was likely an area would pass. At the conclusion of this 
iterative process, a walk-down of the area was conducted to ensure that there were no physical 
restraints to performing a final status survey. For example, access requirements were identified, and all 
physical interference and electrical hazards were removed. 

Following the walk-down the area was isolated to prevent re-contamination. The next step was to 
ensure that adequate information about the area or location had been collected so that a FSS survey 
design could be developed for the area. As an example, a review of the available information might 
include whether there were adequate drawings available, or whether there were any existing residual 
elevated areas (hot spots). Elevated areas that challenged release criteria may have had to be addressed 
in a second round of decontamination activities. On the other hand, elevated areas that met specific 
survey design criteria might be allowable depending on their physical size and the level of activity 
present. Therefore, review of decontamination survey documentation and the areas physical 
characteristics are important factors that feed into the survey design process. 

Once a survey design (SD) for a specific area or location has been developed, the document was 
reviewed by at least one other person trained in the MARSSIM process. If approved, a survey request 
(SR) was then developed form the SD  for use by a radiological controls technicians in the field. The 
SR specified radiological survey instrument alarm set points, scan speeds, fixed point survey criteria, 
and sampling requirements. It also designated sampling techniques by referencing selected site 
procedures, and specified count room MDC requirements for any samples taken. After approval, the 
fully developed SR was then used to perform a Final Post-Remediation Survey to give the project 
confidence that the survey unit would pass the actual FSS.  

Following the review of the results of the final post remediation survey, the area would have elevated 
sections decontaminated or be prepared for the performance of the final status survey. Using the 
results of the Post Remediation Survey, the Survey Design would be modified as necessary, and a new 
survey request would be developed to perform the Final Status Survey for the area in question. In 
addition to FSS measurements and samples, Quality Control (QC) measurements and samples were 
performed in accordance with the requirements specified in the FSS SR. The QC measurements were 
taken by an independent but fully qualified survey technician. These additional measurements were 
taken to confirm the results of the FSS work effort.  

Completed survey requests were reviewed by a Radiological Supervisor for completeness and 
compliance with the survey request. Assuming the survey was performed satisfactorily, the results 
were reviewed to ensure the survey passed the requirements for site release in accordance with the 
original SD provisions. When all the surveys for a survey unit were complete a Final Status Survey 
Report for that survey unit was developed, reviewed and submitted to the NRC for approval.  

The entire process was very successful in meeting the requirements specified by the Saxton Final 
Status Survey Plan. In almost all cases, site release criteria were met on the first try. Obtaining NRC 
approval of each FSS report was made relatively simple. Typically, only administrative comments 
were received from the regulator. Most of these comments centered more on how the data was 
presented rather than on the survey process itself. 

11. Final status survey lessons learned 
• Project leaders should work closely with the regulator in the development and execution of 

Final Status Surveys in order to minimize the potential for misunderstandings and rework. 

• Segregate and dispose of potentially contaminated soil from excavations although increasing the 
time to excavate, it decreases the survey time of the excavated material at the end of the process 
and minimizes the need to perform any rework activities. 

• Split the survey and the survey process into smaller packages to not only reduce the amount of 
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• Write simple work instructions based on the more complex survey designs to allow the radiation 
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• Assume nothing with regard to previous site use. Surprises are inevitable especially in older 
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• Look at groundwater pathways. Tritium in groundwater can travel long distances from its 
original point of origin or it may pool in water volumes below historic release points. 

• Survey instruments are weather sensitive and should be tested in all weather conditions (e.g. 
hot/cold, wet/dry). Survey protocols should be modified according to the weathers affect on the 
instrument. 
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Abstract. This paper describes the particularities in the decommissioning process of the Villa Aldama 
Uranium and Molybdenum Extraction Plant, located in Chihuahua State, Mexico. This decommissioning was 
carried out by Fideicomiso de Fomento Minero (FIFOMI) in 1994, when release criteria and radioactive waste 
disposal regulations were not ready. The plant was operated from 1969 to 1971. Its decommissioning generated 
approximately 30 tons of contaminated equipment, because it was not possible to reduce the radioactive 
contamination to levels below the provisional limits established by the authority. There was also a large amount 
of Uranium ore (1,735 tons) and soil and tailings (65,000 tons) that had to be removed from the facility’s site, 
due to the growing population of Villa Aldama. These wastes were moved to an area called Peña Blanca, located 
47 km north from Villa Aldama. Peña Blanca is the site where the uranium mines that fed the Villa Aldama Plant 
are located, The contaminated equipment was disposed in one of the unexploited mines, the soil and tailings in 
an impoundment, and the ore in the exclusion area of the impoundment facility. The Villa Aldama facility 
building was decontaminated below the established limits for unrestricted use, but this was not precisely the case 
for the site’s land where the ore and the tailings were deposited, because some small areas did not comply with 
the criteria for unrestricted use; therefore some actions were necessary, such as covering the soil with a cap of 
inert material, and the establishment of conditions for the use of the land. The paper also describes the radiation 
protection management implemented during activities such as dismantling, decontamination and transport of the 
waste. 

1. Introduction 

In June, 1969, the now extinct Nuclear Energy National Commission and the Mining Development 
Commission, jointly started the operation of an Uranium and Molybdenum Extraction Plant, in the 
vicinity of a small village named Villa Aldama in Chihuahua State. This place was selected because it 
is located close to the two mining sites from which the uranium ore was extracted (about 50 km from 
each site) and because the village provided electric energy, water and labour force. The plant had an 
ore processing capacity of 80 tons per day; however, due to the low profitability, the plant was closed 
in 1971. In its two years of operation, the plant generated 45 tons of the uranium material commonly 
called yellow cake and 35,000 tons of uranium tailings. The tailings were stored within the site, in a 
dam 120 m east of the process building. Over the years the population of Villa Aldama increased at a 
high rate and eventually its category changed from village to city. In 1994, it was determined that the 
facility, the tailings and the unprocessed ore might represent a radiological risk for the growing 
population, and as a consequence, the dismantling and decontamination of the facility was decided; 
followed by the relocation of the tailings, the ore, some contaminated equipment, and a large amount 
of contaminated soil. The decommissioning activities were carried out by the Mining Development 
Trust (Fideicomiso de Fomento Minero) [1]. 

For the decommissioning activities and from a radiological point of view, the site was divided in three 
main zones; Zone I that comprised the uranium tailings dam, where the residual materials were 
deposited after the extraction of the uranium and molybdenum; Zone II that included the uranium 
minerals yard, where the ore that would be processed were deposited, the access roads to the 
processing complex were also part of this zone; and Zone III that included the grind section, the 
processing building, the machine shop and the laboratory. Figure 1 shows the layout of this facility, 
and figure 2 shows two views of the plant, external and internal.      
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Figure 1. Layout of the Villa Aldama plant. 

Figure 2. External and internal views of the facility in 1993. 

2. Criteria applied for decontamination  
Although the plant ceased operations in 1971, the dismantling and decontamination activities started in 
1993, at that time the regulation related with the clearance of contaminated buildings, soil and waste, 
was not ready. However, the Nuclear Safety and Safeguards National Commission, which is the 
Mexican regulatory authority on nuclear and radiological matters, issued a regulatory position [2] 
establishing the needed release criteria as follows: 

(1) The average concentration of 226Ra in 100m2 of land shall not be above the background by more 
than: 

a. 185 mBq/g averaged over the first 15 cm of the soil below the surface; 

b. 555 mBq/g averaged over 15 cm thick layers of soil more than 15 cm below the 
surface. 

(2) For occupied or habitable buildings  

a. The average annual concentrations of 222Rn short lived decay products (including the 
background) shall not exceed 0.02WL; 

b. The exposition rate shall be reduced as reasonable achievable, but shall not be above 
the radioactive background by more than 0.2 USv/h.   

(3) In order to release the facility, equipment and any other components for unrestricted use, they 
needed to comply with the following requirements: 

a. Reasonable efforts for the removal of the residual contamination shall be carried out. 

b. No paint or any other cover shall be applied to contaminated surfaces of equipment or 
structures unless a reasonable effort has been carried out to reduce contamination 
below the applicable limits stated in Table I of the Regulatory Guide 1.86 of the US 
Nuclear Regulatory Commission. This shall be determined by direct measurements, 
and appropriate records shall be generated; 

c. Contamination levels shall be determined in the internal surfaces of process piping, 
drain lines or ducts. This determination shall be carried out by direct measurements in 
appropriate accessible points representative of the contamination levels inside such 
pipes lines or ducts. 

(4) The surfaces of equipment, buildings or lands that are potentially contaminated but that due to 
its size, form, construction or location are not accessible for direct measurements, shall be 
considered to be contaminated above the applicable limits.    

3. Decontamination activities   
For Zone I, the decontamination method consisted of the removal of the tailings with heavy machinery 
and trucks. Due to the fact that the tailings were deposited without a protective cover of any kind, the 
soil under the tailings was contaminated by natural leaching, therefore, the removal of the 
contaminated soil was also required. The decontamination process for Zone II was basically the same 
as that applied for Zone I. For Zone III, the treatment applied was the removal of mineral, tailings, and 
material with high concentration of uranium; after which, the walls, floors and process equipment, 
were decontaminated using high pressure water (hydro-laser). In some cases, however, it was 
necessary to the solvents such as fuel oil and mixed acids instead of water; and in the places where the 
high contamination levels persisted, the use of more aggressive decontamination methods like 
mechanical brushing were applied. The sequence of decontamination activities is shown in Table 1.           

Table 1. Decontamination sequence. 

Activity Start Finish 

Radioprotection  December 1993 March 1997 

Dry and hydro-laser decontamination of mineral storing sheds December 1993 January 1994 

Dry and hydro-laser decontamination of grinding machines  January 17, 1994 January 13, 1994 

Dry and hydro-laser decontamination in the grind area  January 24, 1994 January 30, 1994 

Dry and hydro-laser decontamination in lixiviation area January 31, 1994 February 6, 1994 

Dry and hydro-laser decontamination in yellow cake area February 7, 1994 February 13, 1994 

Dry and hydro-laser decontamination in machine shop area February 14, 1994 February 20, 1994 

Dry and hydro-laser decontamination in laboratory area February 21, 1994 February 27, 1994 

Dry and hydro-laser decontamination in tanks area February 28, 1994 March 6, 1994 

Dry and hydro-laser decontamination and classification in junk area  March 7, 1994 March 13, 1994 

Tanks decontamination with mechanical brush  March 7 1994 March 20, 1994 

Decontamination and in the unload yard and external perimeters of buildings February 14 1994 March 27, 1994 

Conditioning of the impoundment in the Peña Blanca Site (first stage) July 5, 1994 November 11, 
1994 

First stage of the decontamination of the uranium tailings dam (Zone I) July 5, 1994 November 11, 
1994 

Conditioning of the impoundment in the Peña Blanca Site (second stage) December 10, 1996 March 28, 1997 

Second stage of the decontamination of the uranium tailings dam (Zone I) December 10, 1996 March 5, 1997 

The radiological conditions before and after the decontamination processes can be seen in Table 2; as 
can be appreciated, the exposition levels decreased to values between one third and one tenth of their 
original values. Verifications carried out by the regulatory authority in 1997 showed that some areas 
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did not comply with criterion 1 for 226Ra, even after the decontamination, especially a small area in the 
Zone I. The authority required the removal of the soil in that area, and this was referred to as the 
second stage of the decontamination of the uranium tailings dam. After that second stage, 
concentrations of Ra-226 decreased considerably, with a few exceptions for which additional actions 
were required, as will be described in this paper.            

Table 2. Radiological parameters before and after decontamination. 
Radiological conditions 

parameter before after 

Maximum exposition rate on surface  12 mSv/h   3 mSv/h   

Maximum exposition rate at 1 meter 7 mSv/h 1.4 mSv/h 

Average exposition rate on surface  10 mSv/h 1 mSv/h 
Zone I 

Average exposition rate at 1 meter 3 mSv/h 0.8 mSv/h 

Maximum exposition rate on surface 120 mSv/h 10 mSv/h 

Maximum exposition rate at 1 meter 15 mSv/h 5 mSv/h 

Average exposition rate on surface 30 mSv/h 2 mSv/h 
Zone II 

Average exposition rate at 1 meter 3 mSv/h 1 mSv/h 

Maximum exposition rate on surface 40 mSv/h 2 mSv/h 

Maximum exposition rate at 1 meter 20 mSv/h 1 mSv/h 

Average exposition rate on surface 4 mSv/h 0.6 mSv/h 

Average exposition rate at 1 meter 2 mSv/h 0.4 mSv/h 

Maximum contamination  1 734 000 dpm/100 cm2 866 000 dpm/100 cm2

Zone III 

Average contamination 32 640 dpm/100 cm2 4 661 dpm/100 cm2

4. Radioactive waste management 
Before going forward to the waste management description, it is worth to mention the waste receiving 
site, Peña Blanca. This site is located 47 km north of Villa Aldama, and is the final destination for all 
the waste generated from the operation and decommissioning activities of the Villa Aldama Plant. The 
site was selected because it has almost no population, very low agricultural value, and low 
precipitation. It is one of the two sites that holds the now closed uranium mines that fed the Villa 
Aldama Plant, which implies a high natural radioactive background. 

Radioactive waste removed from Zone I consisted of 35 000 tons of uranium tailings; however, given 
that the tailings stayed outdoors for several years (roughly from 1971 to 1993), the contaminants in the 
tailings migrated to the soil below them. As a consequence, an additional amount of 30,000 tons of 
contaminated soil also had to be removed in order to comply with criterion 1. This considerable 
quantity of waste was taken to an impoundment facility in the Peña Blanca site, which was made 
especially for the confinement of the soil and tailings. The impoundment is formed by a compacted 
clay bed 30 cm thick, a compacted layer of uranium tailings and contaminated soil, a clay cover 30 cm 
thick, and an alluvial material cover 60 cm thick. 

Radioactive waste from Zone II consisted of  1,735 tons of uranium ore, that were deposited close to 
the processing facility, waiting to be processed prior to the plant’s closure in 1971. This ore was 
transported back to the place it came from, the Peña Blanca mining site. The ore was deposited in the 
amortizing zone of the impoundment facility, having as barriers the perimeter fence of the facility and 
the characteristics of the site.   

The waste generated from Zone III consisted mainly of dismantled equipment that could not be 
decontaminated below the limits established in criterion 3. The amount of non-decontaminated 
materials reached 30 tons. The decontamination processes that were applied to this equipment 
included acid attack and mechanical brushing. This waste was placed in an unexploited mine gallery 

called Las Margaritas in the Peña Blanca Site. The entrance to the gallery was sealed with bricks and 
concrete after the waste deposition, which can be seen in Figure 3.

Figure 3. Sealed mine gallery Las Margaritas. 

5. Transport and radioprotection 
Aside from the mechanical conditions of vehicles and the regulation requirements, special care was 
taken to avoid spillage of radioactive material on the road during the trips to the Peña Blanca site. This 
was achieved by sealing the rear hatch of the trucks and the top of the cargo box, prior to its departure 
from the Villa Aldama Plant. The vehicles passed a contamination control point for the 
decontamination of the external surfaces and the tires. A radiological verification was also carried out 
on each departing vehicle, which typically showed exposure rate levels of 1 mSv/h in the cabin,          
5 mSv/h on the surface of the cargo box and 2 mSv/h at 1 meter from the box. Measurements of 226Ra
were made along the route from the Villa Aldama Plant to the Peña Blanca site, before and after the 
transport of the whole radioactive material. The differences found were not significant and are 
attributable to statistic fluctuations.  

Radioprotection steps for manipulation and transport of radioactive material were established in 
procedures. Protective equipment that was used included industrial shoes, gloves, cotton overall and 
respiratory protection devices such as masks and air line suits prescribed according to the risk of 
incorporating radioactive material. Taking a shower at the end of a labour day was mandatory, as well 
as whole body monitoring before leaving the facility. The decommissioning activities can be grouped 
into three main activities, decontamination, transport and confinement. Thirteen workers participated 
in the decontamination of the  site, with a resulting collective dose of 12.5 man-mSv. Thirty five 
workers participated in the transport activities, which resulted in the collective dose for this group of 4 
man-mSv. The collective dose for the 10 workers in the confinement group was 27.8 man-mSv. The 
total collective dose for the decommissioning activities was 44.3 man-mSv, which is low considering 
the time span of the whole process. It is worth to mention that neither a radiological incident nor any 
violation of the legal dose limits occurred.         

6. Conditions for the use of the land  
The efforts to remove contamination from the site’s land gave good results; however, there were 
small, isolated areas in which the 226Ra contamination persisted. It was decided to cover the areas with 
a 15 cm thick layer of alluvium. Additionally, the regulatory authority established the following 
conditions [2] for the restricted use of the site’s land and buildings: 

� Agricultural activities and shepherding of animals will not be allowed; 

� The construction of habitation buildings will not be allowed; 

� Drilling for water wells will not be allowed; 

� The minerals yard (Zone II) can only be used as a transit zone as long as the radiation levels are 
limited tolevels slightly above the background levels; 
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Radiological conditions 

parameter before after 
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Zone I 

Average exposition rate at 1 meter 3 mSv/h 0.8 mSv/h 

Maximum exposition rate on surface 120 mSv/h 10 mSv/h 

Maximum exposition rate at 1 meter 15 mSv/h 5 mSv/h 

Average exposition rate on surface 30 mSv/h 2 mSv/h 
Zone II 
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Zone III 

Average contamination 32 640 dpm/100 cm2 4 661 dpm/100 cm2
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called Las Margaritas in the Peña Blanca Site. The entrance to the gallery was sealed with bricks and 
concrete after the waste deposition, which can be seen in Figure 3.

Figure 3. Sealed mine gallery Las Margaritas. 

5. Transport and radioprotection 
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was achieved by sealing the rear hatch of the trucks and the top of the cargo box, prior to its departure 
from the Villa Aldama Plant. The vehicles passed a contamination control point for the 
decontamination of the external surfaces and the tires. A radiological verification was also carried out 
on each departing vehicle, which typically showed exposure rate levels of 1 mSv/h in the cabin,          
5 mSv/h on the surface of the cargo box and 2 mSv/h at 1 meter from the box. Measurements of 226Ra
were made along the route from the Villa Aldama Plant to the Peña Blanca site, before and after the 
transport of the whole radioactive material. The differences found were not significant and are 
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Radioprotection steps for manipulation and transport of radioactive material were established in 
procedures. Protective equipment that was used included industrial shoes, gloves, cotton overall and 
respiratory protection devices such as masks and air line suits prescribed according to the risk of 
incorporating radioactive material. Taking a shower at the end of a labour day was mandatory, as well 
as whole body monitoring before leaving the facility. The decommissioning activities can be grouped 
into three main activities, decontamination, transport and confinement. Thirteen workers participated 
in the decontamination of the  site, with a resulting collective dose of 12.5 man-mSv. Thirty five 
workers participated in the transport activities, which resulted in the collective dose for this group of 4 
man-mSv. The collective dose for the 10 workers in the confinement group was 27.8 man-mSv. The 
total collective dose for the decommissioning activities was 44.3 man-mSv, which is low considering 
the time span of the whole process. It is worth to mention that neither a radiological incident nor any 
violation of the legal dose limits occurred.         

6. Conditions for the use of the land  
The efforts to remove contamination from the site’s land gave good results; however, there were 
small, isolated areas in which the 226Ra contamination persisted. It was decided to cover the areas with 
a 15 cm thick layer of alluvium. Additionally, the regulatory authority established the following 
conditions [2] for the restricted use of the site’s land and buildings: 

� Agricultural activities and shepherding of animals will not be allowed; 

� The construction of habitation buildings will not be allowed; 

� Drilling for water wells will not be allowed; 

� The minerals yard (Zone II) can only be used as a transit zone as long as the radiation levels are 
limited tolevels slightly above the background levels; 
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� Any activity carried out in the property, shall guarantee that the personnel will not stay more 
than 40 hours a week, averaged on an annual basis; 

� In the case that the removal of more equipment from the facility is decided, the criteria 
established by the Nuclear Safety and Safeguards National Commission in the regulatory 
position [2], shall be complied. 

7. Actual state of the former facility 
The responsibility for the property that used to be the plant is now in the hands of the local 
government of Ciudad Aldama. The main processing building is being used as a warehouse for  the 
storage of several types of construction materials destined for municipal public works. The yards of 
the property are being used for several purposes such as municipal vehicles parking, a service station, 
and for the storage of plastic residues that will be recycled. 

Is worth mentioning that the conditions for the use of the land and buildings are still in force and 
verified periodically by the Nuclear Safety and Safeguards National Commission. The last inspection 
[4] to the site in 2004 revealed background radiation levels (around 300 mSv/h) in the yards and in the 
building with the sole exception of a single point in an unused area that formerly belonged to Zone II. 
This point presented a level of 1.4 mSv/h on the surface of the soil, which is still a low value. The 
analysis of a sample collected from that point showed a 226Ra concentration of  65 Bq/k. 

8. Conclusions 
The decommissioning of the Villa Aldama Plant was a relatively satisfactory process. The risk to the 
increasing population of Ciudad Aldama was nearly eliminated, which was the ultimate goal. The 
process was harder and lasted longer than necessary because the lack of regulation and experience at 
national and international level by the time in which the plant was commissioned, derived in some 
situations that had impact on its decommissioning. For instance, during the site selection of the 
facility, major importance was given to operational factors such as easy access to urban services, and 
less relevance was given to demographic projections based on estimations of the future economical 
value of the region. Previsions for avoiding or limiting migration of contaminants to the soil from 
residual materials were not considered. The removal of this additional contamination from the site, 
required extra economic and human resources. If the facility had been located at one of the mining 
sites like Peña Blanca, with previsions for the adequate isolation of residual tailings, no transport of 
wastes resulting from the decommissioning would have been necessary. 
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Abstract. In 1992, the Santo Amaro’s Mill, USAM, in the city of São Paulo, property of the Brazilian 
Nuclear Industry, INB, with approximately 50 years of industrial activities in the processing and production of 
heavy minerals (monazite sands), ended its activities. 

The main factors that contributed to its closure were obsolete technology, inability to adjust to the radiological 
safety standards required by the Brazilian Nuclear Regulatory authority, and finally, its close proximity to the 
heavily populated city of São Paulo. 

The National Nuclear Energy Commission, CNEN, has based its policy, since 1979, on the latest radioprotection 
concepts, and it started to adopt stricter safety standards for the operation of this plant. The decommissioning 
process began in 1993 and ended in 1999. 

This work presents the activities which the Radioprotection and Dosimetry Institute, IRD, has been doing, 
through its regulatory inspections, during the process of decommissioning, and in particular, the performance of 
the occupational radioprotection personnel in evaluating the actions taken by INB during the plant’s 
disassembly. These actions include: 

1) Analysis of the radiological protection plans, monitoring programs, procedures and instrumentation 
control auditing; 

2) Measurements of floors, walls, roofs and pieces of equipment, in order to evaluate the efficiency of the 
applied procedures, and response to raised questions. 

The experience acquired during the different decommissioning stages will become a reference for the next 
decommissioning activities as reviewed by IRD on plants that make up the Brazilian nuclear fuel cycle, nuclear 
power reactors, nuclear research reactors, and whenever necessary, in the plants which utilize Naturally 
Occurring Radioactive Materials (NORM), and Technologically Enhanced Naturally Occurring Radioactive 
Materials (TENORM) such as mining and metal processing residues, coal dust, phosphate residues, uranium 
milling overloads, oil and gas production residues. 

1. History of production 
Thorium is found in nature in several minerals, and its concentration is about 3 to 10 ppm of the 
earth’s crust. 

The production of thorium and rare earths in Brazil originates from monazite of Brazil´s southeast 
beach sands, between the south of Bahia and the north of Rio de Janeiro, where in the plant called 
Heavy Metal Unity – UMP/INB a pretreatment takes place towards the separation of silica, zirconita, 
ilmenita, rutilo and monazite. 

The processing was made in a plant located in the city of São Paulo, known as Santo Amaro’s Mill 
(USAM), which belonged previously to the no longer existent, Nuclemon Minero-Quimica Ltda, and 
nowadays to the Brazilian Nuclear Industry (INB/SP). In an industrial hangar called Monazite 
Physical Treatment Unity (TFM), the impurities of the monazite mineral were removed through a 
physical separation process (electrostatic and electromagnetic separation) in order to obtain zirconita 
and rutilo. Commercialization was made in a granular shape. 

Monazite containing about 64% of rare earth oxides, 5 to 6% of thorium oxide and 0.15% to 0.20% of 
uranium oxide was crushed in the same industrial hangar. In a second hangar, called Monazite 
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Figure 1: USAM aerial view. The small area 
shows the first demolished section (offices) to 
give rise to a condominium. The larger area 
shows the second demolished section (the 
industrial area).

Chemical Treatment Unity (TQM), the monazite fraction was chemically treated with sodium 
hydroxide, commonly known as caustic soda, the final product was filtered and the dissolvable 
(trisodium phosphate) was cristallized, packed and commercialized. The Rare Earths Separation Unity 
(STR), was also located in this hangar which processed TQM’s unsoluble fraction, the rare earths, 
which were dissolved and after filtration, separated from Cake II (thorium and uranium hydroxide), 
and converted into chlorides, carbonites, oxides and  rare eath fluorides. The Cake II was packed and 
sent to specific storehouses. Even though uranium and thorium were considered a strategic reserve, 
there was no specific demand and the whole production was stored. The other byproducts were well 
accepted in the national market. 

The radioactive wastes resulting from the chemical treatment, mesothorium (228Ra), was in the rare 
earths solution, from which it was separated by precipitation and filtration. The Mesothorium Cake 
was stored in Santo Amaros’s Mill (USAM) temporary storehouse, together with Cake II. 

During its operational life, USAM handled, on a montly average, 100 tons of natural monazite, 100 
tons of crushed monazite, 130 tons of rare earth compounds, 300 tons of zirconita, 5 tons of rutilo, 38 
tons of Cake II and 6 tons of mesothorium. 

USAM began operation in 1949 under the name ORQUIMA, while the creation of the National 
Nuclear Energy Commission (CNEN), the Regulatory Authority in the nuclear and radioactive field, 
took place only in 1956, that is, after the beginning of USAM’s activities. Consequently, the USAM 
plant did not go through a formal licensing process, and compliance was not contemplated with 
Regulatory Authority administractive acts, such as plant’s site approval, construction site license (total 
or partial), and authorizations for the use of radioactive materials, initial plant operation, permanent 
plant operation, the cancellation of the authorization for the plant operation, and finally, the 
decommissioning of the plant. 

After 1979, with CNEN’s restructuring, and several institutes being incorporated, among them, the 
Radioprotection and Dosimetry Institute (IRD), the adoption of stricter radiological safety procedures 
was required, such as the elaboration of the Occupational Radiological Protection Plan (ORPP) and 
the Occupational Exposure Plan (OEP) for the Plant. 

USAM was unable to comply with the required occupational radiological safety standards, since the 
plant’s fifty-year old construction would necessitate great improvements in order to implement ORPP 
and OEP effectively. 

Critical points to be mentioned include: Obsolete process and equipment, uncontrollable generation of 
dusty, uncoated tanks and limitations to the Cake II and Mesothorium storage capacity. Due to these 
inadequacies, every time a problem occurred during the removal of material from the plant, a high 
levels of occupational exposures would take place. 

The plant’s site, located in the residential, densely populated area 
of São Paulo’s Capital, the largest city of South America, was a 
decisive factor for the termination of USAM’s activities in 1992. 
Figure 1 shows the area occupied by USAM in 1992. 

After USAM closure, around 530 tons of Cake II e about 73 tons 
of Mesothorium remained stored inside the industrial plant. 

Approximatelly 12 tons of contaminated trisodium phosphate 
cake (FTS) and 25 tons of canvas used for filtering was stored, as 
radioactive waste. 

The Public Ministry of São Paulo State, together with INB, 
established a deadline for the plant decommissioning, with daily 
penalties for lack of fulfilment, and the requirement of quarterly 
reports on the status of decommissioning activities. 

2. Plant decommissioning 
The decommissioning of a plant requires first actions for the permanent shutdown end of its activities. 
The actions needed include the disassembly, decontamination of materials or areas aiming at the 
restoration of equipment or areas and also the safe storage of by-products. The actions taken during 
the decommissioning which did not follow the correct procedures might cause harmful effects to 
humans and the environment, e.g. due to the possible spreading of the contamination, exposure of 
Occupational Exposed Individuals (OEI) and the general public. 

In a formal process, the initial act of decommissioning consists of presenting, by the plant’s operator, 
the Decommissioning Preliminary Plan, which is currently requested by the Regulatory Authority 
during the Plant’s Licensing Process. 

If the Decommissioning Preliminary Plan does not exist, the decommissioning process will be limited 
to the Final Planning, whose goal will be to guide the disassembly, sampling, decontamination of areas 
and equipment, and transportation. 

The procedures adopted for the decommissioning are applied in the following areas: Plant’s 
radiological characterization; Areas classification; Radioactive sources inventory (nuclear materials 
and radioactive sources stored), Transfer of these materials to a local temporary storehouse, 
Establisment and implementation of a Radiological Protection Plan in order to ensure the safety of 
OEI, general public and the environment,  Disassembly of equipment located in uncontrolled areas and 
after proper monitoring and the assurance of no contamination subsequent release for general purpose 
use, Disassembly of equipment located in controlled areas, radiation monitoring and classification of 
those materials, separating  the contamined materials for later decontamination, Development and 
application of a Radioactive Waste Management Program; radiological characterization of materials 
and equipment and their final disposition.  

Even though there were no national specific regulation for decommissioning, and since yhis a pioneer 
activity in the country, the Regulatory Authority, CNEN, instructed INB to develop a Plan, based upon 
international regulations, which covered the following topics: Radiological protection; Criteria for the 
survey of materials, equipment and soil, and the possibility of their release; The transportation of 
radioactive materials;  The Development of Waste Management Program.  

The plan developed by INB was divided as follows: Introduction, Plant Historical Description, Cost 
Estimate, Inventory of Stored Radioactive Material, Reference Norms, Decommissioning 
Organization and Training, Decommissioning Activities and Radiological Protection Procedures. 

The unusual USAM conditions made INB to take strategic measures in order to solve the 
decommissioning problems, so that it started with the disassembly and cleaning of the administrative 
sectors, doing later the decommissioning, monitoring, cleanup, separation and transfer of materials and 
equipment to the TFM and STR units. The division in sectors allowed to execute the tasks more easily, 
since these sectors were dry working areas, so that the decontamination process was much simpler. 

The use of such procedures made it possible to obtain reference parameters facilitating TQM’s  
disassembly and decontamination, without which, due to past operational conditions, more complex 
engineering solutions and greater radiological risks would be required. 

The adopted solution for decommissioning of stored radioactive material included several steps: The 
transfer of the stored radioactive materials to Interlagos Mill (USIN), property of INB, which was 
already equipped to receive them, The transfer of contaminated equipment and other secondary 
wastes, to USIN’s Mill, Separation of contaminated materials in controlled areas until they were 
decontaminated, Selling, through auction, or simply by transfer of the un-contaminated equipment to 
the other company’s branches and Preparation of TQM’s interior for the materials decontamination 
process, in order to reduce the volume of radiactive wastes. 

The radioactive waste remained stored in metallic containers at USIN, while the Government 
established waste management policies to be adopted by CNEN. 

Athens - Book of Contributed Papers A4.indd   358 2006-11-06   13:42:18



359

Figure 1: USAM aerial view. The small area 
shows the first demolished section (offices) to 
give rise to a condominium. The larger area 
shows the second demolished section (the 
industrial area).

Chemical Treatment Unity (TQM), the monazite fraction was chemically treated with sodium 
hydroxide, commonly known as caustic soda, the final product was filtered and the dissolvable 
(trisodium phosphate) was cristallized, packed and commercialized. The Rare Earths Separation Unity 
(STR), was also located in this hangar which processed TQM’s unsoluble fraction, the rare earths, 
which were dissolved and after filtration, separated from Cake II (thorium and uranium hydroxide), 
and converted into chlorides, carbonites, oxides and  rare eath fluorides. The Cake II was packed and 
sent to specific storehouses. Even though uranium and thorium were considered a strategic reserve, 
there was no specific demand and the whole production was stored. The other byproducts were well 
accepted in the national market. 

The radioactive wastes resulting from the chemical treatment, mesothorium (228Ra), was in the rare 
earths solution, from which it was separated by precipitation and filtration. The Mesothorium Cake 
was stored in Santo Amaros’s Mill (USAM) temporary storehouse, together with Cake II. 

During its operational life, USAM handled, on a montly average, 100 tons of natural monazite, 100 
tons of crushed monazite, 130 tons of rare earth compounds, 300 tons of zirconita, 5 tons of rutilo, 38 
tons of Cake II and 6 tons of mesothorium. 

USAM began operation in 1949 under the name ORQUIMA, while the creation of the National 
Nuclear Energy Commission (CNEN), the Regulatory Authority in the nuclear and radioactive field, 
took place only in 1956, that is, after the beginning of USAM’s activities. Consequently, the USAM 
plant did not go through a formal licensing process, and compliance was not contemplated with 
Regulatory Authority administractive acts, such as plant’s site approval, construction site license (total 
or partial), and authorizations for the use of radioactive materials, initial plant operation, permanent 
plant operation, the cancellation of the authorization for the plant operation, and finally, the 
decommissioning of the plant. 

After 1979, with CNEN’s restructuring, and several institutes being incorporated, among them, the 
Radioprotection and Dosimetry Institute (IRD), the adoption of stricter radiological safety procedures 
was required, such as the elaboration of the Occupational Radiological Protection Plan (ORPP) and 
the Occupational Exposure Plan (OEP) for the Plant. 

USAM was unable to comply with the required occupational radiological safety standards, since the 
plant’s fifty-year old construction would necessitate great improvements in order to implement ORPP 
and OEP effectively. 

Critical points to be mentioned include: Obsolete process and equipment, uncontrollable generation of 
dusty, uncoated tanks and limitations to the Cake II and Mesothorium storage capacity. Due to these 
inadequacies, every time a problem occurred during the removal of material from the plant, a high 
levels of occupational exposures would take place. 

The plant’s site, located in the residential, densely populated area 
of São Paulo’s Capital, the largest city of South America, was a 
decisive factor for the termination of USAM’s activities in 1992. 
Figure 1 shows the area occupied by USAM in 1992. 

After USAM closure, around 530 tons of Cake II e about 73 tons 
of Mesothorium remained stored inside the industrial plant. 

Approximatelly 12 tons of contaminated trisodium phosphate 
cake (FTS) and 25 tons of canvas used for filtering was stored, as 
radioactive waste. 

The Public Ministry of São Paulo State, together with INB, 
established a deadline for the plant decommissioning, with daily 
penalties for lack of fulfilment, and the requirement of quarterly 
reports on the status of decommissioning activities. 

2. Plant decommissioning 
The decommissioning of a plant requires first actions for the permanent shutdown end of its activities. 
The actions needed include the disassembly, decontamination of materials or areas aiming at the 
restoration of equipment or areas and also the safe storage of by-products. The actions taken during 
the decommissioning which did not follow the correct procedures might cause harmful effects to 
humans and the environment, e.g. due to the possible spreading of the contamination, exposure of 
Occupational Exposed Individuals (OEI) and the general public. 

In a formal process, the initial act of decommissioning consists of presenting, by the plant’s operator, 
the Decommissioning Preliminary Plan, which is currently requested by the Regulatory Authority 
during the Plant’s Licensing Process. 

If the Decommissioning Preliminary Plan does not exist, the decommissioning process will be limited 
to the Final Planning, whose goal will be to guide the disassembly, sampling, decontamination of areas 
and equipment, and transportation. 

The procedures adopted for the decommissioning are applied in the following areas: Plant’s 
radiological characterization; Areas classification; Radioactive sources inventory (nuclear materials 
and radioactive sources stored), Transfer of these materials to a local temporary storehouse, 
Establisment and implementation of a Radiological Protection Plan in order to ensure the safety of 
OEI, general public and the environment,  Disassembly of equipment located in uncontrolled areas and 
after proper monitoring and the assurance of no contamination subsequent release for general purpose 
use, Disassembly of equipment located in controlled areas, radiation monitoring and classification of 
those materials, separating  the contamined materials for later decontamination, Development and 
application of a Radioactive Waste Management Program; radiological characterization of materials 
and equipment and their final disposition.  

Even though there were no national specific regulation for decommissioning, and since yhis a pioneer 
activity in the country, the Regulatory Authority, CNEN, instructed INB to develop a Plan, based upon 
international regulations, which covered the following topics: Radiological protection; Criteria for the 
survey of materials, equipment and soil, and the possibility of their release; The transportation of 
radioactive materials;  The Development of Waste Management Program.  

The plan developed by INB was divided as follows: Introduction, Plant Historical Description, Cost 
Estimate, Inventory of Stored Radioactive Material, Reference Norms, Decommissioning 
Organization and Training, Decommissioning Activities and Radiological Protection Procedures. 

The unusual USAM conditions made INB to take strategic measures in order to solve the 
decommissioning problems, so that it started with the disassembly and cleaning of the administrative 
sectors, doing later the decommissioning, monitoring, cleanup, separation and transfer of materials and 
equipment to the TFM and STR units. The division in sectors allowed to execute the tasks more easily, 
since these sectors were dry working areas, so that the decontamination process was much simpler. 

The use of such procedures made it possible to obtain reference parameters facilitating TQM’s  
disassembly and decontamination, without which, due to past operational conditions, more complex 
engineering solutions and greater radiological risks would be required. 

The adopted solution for decommissioning of stored radioactive material included several steps: The 
transfer of the stored radioactive materials to Interlagos Mill (USIN), property of INB, which was 
already equipped to receive them, The transfer of contaminated equipment and other secondary 
wastes, to USIN’s Mill, Separation of contaminated materials in controlled areas until they were 
decontaminated, Selling, through auction, or simply by transfer of the un-contaminated equipment to 
the other company’s branches and Preparation of TQM’s interior for the materials decontamination 
process, in order to reduce the volume of radiactive wastes. 

The radioactive waste remained stored in metallic containers at USIN, while the Government 
established waste management policies to be adopted by CNEN. 

Athens - Book of Contributed Papers A4.indd   359 2006-11-06   13:42:19



360

2. CNEN’s role in the decommissioning 
CNEN, supported by its legal authority, controls and regulates the entire nuclear and radioactive 
materials safety process and offers legal advice to the Public Ministry whenever requested. CNEN’s 
Nuclear Safety and Radioprotection Office (DRS), through its two Boards, Licensing and Control 
(CGLC) and the Radioprotection and Dosimetry Institute (IRD), varies the correct application of 
norms, regulations, laws and procedures by the licencee. 

The regulatory process consists of regulatory inspections made by DRS teams, which come from the 
two above mentioned Boards. The CGLC teams originate from two of its Divisions, the Radioactive 
Waste Division (DIREJ) and the Nuclear Power Plant Divison (CODIN), and are responsible for the 
documentation control, regulatory requirements, etc. The IRD team, originate from two other 
Departments, the Environment Impact Assessment Department (SEAIA) and the Nuclear Industry 
Radioprotection Department (SERIN). 

SERIN, during the decommissioning process, is responsible for the analysing and approving of the 
adopted occupational radioprotection procedures and verifies under what conditions these procedures 
are applied to the INB activities. 

SERIN was responsible for the analysis of the documentation included in the Plant Radioprotection 
Plan, that deals with the decommissioning, where the strategies adopted by INB can be found, and the 
operational procedures that to be adopted in each phase of the disassembly and impacts on the 
radiological safety of the occupationally exposed individuals (OEI). 

The purposes of the regulatory inspections were to examine, observe, and to make local measurements 
and testing, as well as to verify the documentation resulting from the application of the procedures 
adopted by the Plant’s radioprotection service. By doing that, it was possible for the inspectors, not 
only to assure compliance with the procedures, but also to verify the records of the monitoring 
program (measurements of dose rates, surface contamination (direct or through the wipe test) and 
aerosols). The training records of the OEI’s and of the radioprotection service group, and their 
performance was evaluated were also verified during normal operations, the tracking of materials, and 
by auditing the records of materials sold as scrap. The OEI’s had their monitoring records audited 
periodically and ttheir doses were below the initially estimated values. 

During the decommissioning phase, the monitoring performed by IRD showed that it would be 
necessary to change provisions for the scrap iron which was accumulated for release. Since the 
equipment serial numbers were lost after the cutting process, whenever the wipe testing showed some 
contamination, it was very difficult to find out which equipment the contaminated piece came from. 
Consequently several pieces of scrap iron had to be monitored again. Therefore it was necessary to 
change the arrangement of the pieces before cutting, so that their serial numbers could be preserved 
(see Figures 2 and 3). 

In the decommissioning process performed by SERIN there were about 4000 analysis of surface 
contamination (through the wipe test) by using � e ���  total counting techniques. From this sampling, 
10% presented contamination. Several direct measurements of surface contamination and dose rates 
were performed. 

Figure 2. Batch for release before the new 
arrangements.

Figure 3. Batch for release after the new 
arrangement. 

The work done by IRD, also included the verification of the accuracy of the instruments utilized in the 
analysis of air sampling filters and wipe tests. This included the calibration of air sampling equipment 
by calibrated standards which are also traced back to these standards; the operational control of the 
laboratory counting systems, which worked under conditions allowing the detection of low levels of 
contamination, and also the use of portable monitoring equipment. 

For economic reasons, the building that was to be released would keep its walls standing, after the 
removal of the main contamination spots. However, the monitoring performed by IRD showed that 
this decision could give rise to a substancial number of future monitorings if it became necessary to 
track all contaminated spots. This would require a  much longer time spent on the contamination 
process, since, in this case, all the existing contamination would have to be removed.

3. NORM 
The main known sources of NORM are: mining and metal processing residues, coal dust, phosphate 
residues, uranium milling overloads, oil and gas production residues and water treatment residues. 

CNEN and, more specifically, the IRD have been working on those areas since the 80’s in order to 
offer to the Public Service information related to the Plants that process minerals containg uranium 
and thorium, and, upon request, to answer questions concerning the activities of such Plants.  

IRD began in 2001 the so-called Milling Project, which is an interdepartmental project, whose goal is 
to evaluate areas that could present radiological problems due to milling and processing of minerals 
containing uranium and thorium. As a consequence, the following industrial cycles were evaluated: 
Coal, Phosphates, Iron, Niobium and Gold. 

The project reached its main goals, such as: scoping specific geographical areas, area surveys 
(underground and surface milling and mineral processing units, characterization of exposure levels 
(environmental and occupational) and documentation (regulatory norms or guides) to be elaborated 
and, if necessary, follow-up inspections.

Concern with respect to underwater oil exploration and production began around 1988, when the 
Brazilian oil company detected radiation levels above the background which were due to oil rig 
incrustation, more specifically, deposits on the inner wall of pipes. In 1989 the first sample of these 
incrustations was taken analysed, where the elements 208Ta, 214Pb,  226Ra, 214Bi and 228Ac were 
identified. Afterwards, several activities were initiated, through various study groups and cooperation 
agreements with IRD’s participation, in order to fully understand the problem in the area of oil 
exploration and production. 

4. Conclusion 
The decommissioning of the first nuclear Brazilian plant was a very important learning experience. 
The problems encountered in the course of the decommissioning process allowed both CNEN and INB 
to find solutions enabling their technicians to face future challenges not only in other nuclear plants 
but also in NORM industries. 

The main measures taken in this work were the following: Revision of the norms and the necessary 
licensing documentation (RAS) based upon experience and international recommendations;  
elaboration of new regulatory norms and guides; training of IRD technicians in decommissioning 
activities through international courses; exchange of experience; acquisition of new equipments; 
training of IRD technicians on IRD’s Quality Management Systems: ISO/IEC 17025 General 
Requirements for Qualification and Calibration Laboratories and COPANT ISO/IEC 17020 General 
Criteria for the Operation of Various Types of Bodies Performing Inspection; and Deepening 
knowledge of national condition through agreements with, companies experienced in NORM’s. 

The works related to USAM’s decommissioning (occupational and environmental) ended in December 
1998, and the end of activities was officially declared on January 2, 1999. Afterwards all the stored 
materials were decontamined and released as crop iron.

Athens - Book of Contributed Papers A4.indd   360 2006-11-06   13:42:28



361

2. CNEN’s role in the decommissioning 
CNEN, supported by its legal authority, controls and regulates the entire nuclear and radioactive 
materials safety process and offers legal advice to the Public Ministry whenever requested. CNEN’s 
Nuclear Safety and Radioprotection Office (DRS), through its two Boards, Licensing and Control 
(CGLC) and the Radioprotection and Dosimetry Institute (IRD), varies the correct application of 
norms, regulations, laws and procedures by the licencee. 

The regulatory process consists of regulatory inspections made by DRS teams, which come from the 
two above mentioned Boards. The CGLC teams originate from two of its Divisions, the Radioactive 
Waste Division (DIREJ) and the Nuclear Power Plant Divison (CODIN), and are responsible for the 
documentation control, regulatory requirements, etc. The IRD team, originate from two other 
Departments, the Environment Impact Assessment Department (SEAIA) and the Nuclear Industry 
Radioprotection Department (SERIN). 

SERIN, during the decommissioning process, is responsible for the analysing and approving of the 
adopted occupational radioprotection procedures and verifies under what conditions these procedures 
are applied to the INB activities. 

SERIN was responsible for the analysis of the documentation included in the Plant Radioprotection 
Plan, that deals with the decommissioning, where the strategies adopted by INB can be found, and the 
operational procedures that to be adopted in each phase of the disassembly and impacts on the 
radiological safety of the occupationally exposed individuals (OEI). 

The purposes of the regulatory inspections were to examine, observe, and to make local measurements 
and testing, as well as to verify the documentation resulting from the application of the procedures 
adopted by the Plant’s radioprotection service. By doing that, it was possible for the inspectors, not 
only to assure compliance with the procedures, but also to verify the records of the monitoring 
program (measurements of dose rates, surface contamination (direct or through the wipe test) and 
aerosols). The training records of the OEI’s and of the radioprotection service group, and their 
performance was evaluated were also verified during normal operations, the tracking of materials, and 
by auditing the records of materials sold as scrap. The OEI’s had their monitoring records audited 
periodically and ttheir doses were below the initially estimated values. 

During the decommissioning phase, the monitoring performed by IRD showed that it would be 
necessary to change provisions for the scrap iron which was accumulated for release. Since the 
equipment serial numbers were lost after the cutting process, whenever the wipe testing showed some 
contamination, it was very difficult to find out which equipment the contaminated piece came from. 
Consequently several pieces of scrap iron had to be monitored again. Therefore it was necessary to 
change the arrangement of the pieces before cutting, so that their serial numbers could be preserved 
(see Figures 2 and 3). 

In the decommissioning process performed by SERIN there were about 4000 analysis of surface 
contamination (through the wipe test) by using � e ���  total counting techniques. From this sampling, 
10% presented contamination. Several direct measurements of surface contamination and dose rates 
were performed. 

Figure 2. Batch for release before the new 
arrangements.

Figure 3. Batch for release after the new 
arrangement. 

The work done by IRD, also included the verification of the accuracy of the instruments utilized in the 
analysis of air sampling filters and wipe tests. This included the calibration of air sampling equipment 
by calibrated standards which are also traced back to these standards; the operational control of the 
laboratory counting systems, which worked under conditions allowing the detection of low levels of 
contamination, and also the use of portable monitoring equipment. 

For economic reasons, the building that was to be released would keep its walls standing, after the 
removal of the main contamination spots. However, the monitoring performed by IRD showed that 
this decision could give rise to a substancial number of future monitorings if it became necessary to 
track all contaminated spots. This would require a  much longer time spent on the contamination 
process, since, in this case, all the existing contamination would have to be removed.

3. NORM 
The main known sources of NORM are: mining and metal processing residues, coal dust, phosphate 
residues, uranium milling overloads, oil and gas production residues and water treatment residues. 

CNEN and, more specifically, the IRD have been working on those areas since the 80’s in order to 
offer to the Public Service information related to the Plants that process minerals containg uranium 
and thorium, and, upon request, to answer questions concerning the activities of such Plants.  

IRD began in 2001 the so-called Milling Project, which is an interdepartmental project, whose goal is 
to evaluate areas that could present radiological problems due to milling and processing of minerals 
containing uranium and thorium. As a consequence, the following industrial cycles were evaluated: 
Coal, Phosphates, Iron, Niobium and Gold. 

The project reached its main goals, such as: scoping specific geographical areas, area surveys 
(underground and surface milling and mineral processing units, characterization of exposure levels 
(environmental and occupational) and documentation (regulatory norms or guides) to be elaborated 
and, if necessary, follow-up inspections.

Concern with respect to underwater oil exploration and production began around 1988, when the 
Brazilian oil company detected radiation levels above the background which were due to oil rig 
incrustation, more specifically, deposits on the inner wall of pipes. In 1989 the first sample of these 
incrustations was taken analysed, where the elements 208Ta, 214Pb,  226Ra, 214Bi and 228Ac were 
identified. Afterwards, several activities were initiated, through various study groups and cooperation 
agreements with IRD’s participation, in order to fully understand the problem in the area of oil 
exploration and production. 

4. Conclusion 
The decommissioning of the first nuclear Brazilian plant was a very important learning experience. 
The problems encountered in the course of the decommissioning process allowed both CNEN and INB 
to find solutions enabling their technicians to face future challenges not only in other nuclear plants 
but also in NORM industries. 

The main measures taken in this work were the following: Revision of the norms and the necessary 
licensing documentation (RAS) based upon experience and international recommendations;  
elaboration of new regulatory norms and guides; training of IRD technicians in decommissioning 
activities through international courses; exchange of experience; acquisition of new equipments; 
training of IRD technicians on IRD’s Quality Management Systems: ISO/IEC 17025 General 
Requirements for Qualification and Calibration Laboratories and COPANT ISO/IEC 17020 General 
Criteria for the Operation of Various Types of Bodies Performing Inspection; and Deepening 
knowledge of national condition through agreements with, companies experienced in NORM’s. 

The works related to USAM’s decommissioning (occupational and environmental) ended in December 
1998, and the end of activities was officially declared on January 2, 1999. Afterwards all the stored 
materials were decontamined and released as crop iron.

Athens - Book of Contributed Papers A4.indd   361 2006-11-06   13:42:29



362

REFERENCES 
[1] Radioproteção Ocupacional no Descomissionamento de uma Instalçao Nuclear – Uma Visão do 

Fiscalizador, CGEN, 1996. 

[2] CNEN NE-1.04 – Licenciamento de Instalações Nucleares, 1984; 

[3] CNEN NE-3.01 – Diretrizes Básicas de Radioproteção, 1988; 

[4] CNEN NN-3.01 – Diretrizes Básicas de Proteção Radiológica, janeiro de 2005; 

[5] Occupational Radiological Aspects Related to the Presence of Natural Radionuclides at 
Extraction and Production Petrolium Facilities, Matta, Luiz; Requirements for the degree of 
Doctor Science, COPPE/UFRJ, 2000. 

   

IAEA-CN-143/34 

Practical experience with tools and equipment used in decommissioning of nuclear 
facilities 

 T. Moser, S. Bauer

Siempelkamp Nukleartechnik GmbH., 
Heidelberg, 
Germany 

Abstract. This paper provides information on the experience gained in planning and performing 
decommissioning and dismantling work for hot cells, research and power reactors as well as storage facilities for 
liquid and solid radioactive waste. 

The contents focus on the preconditions which are to be determined prior to starting decommissioning, in order 
to assure proper planning and safe implementation of decommissioning for nuclear installations. Consideration is 
given, on the one hand, on plant-specific circumstances like clearance conditions, design and material 
characteristics of the primary and secondary systems and, on the other hand, on the availability of feasible waste 
management options. Further attention is paid to the ascertainment of radiological conditions and prerequisites. 

Based on practical experience gained in corresponding project implementations, it will be demonstrated how the 
most favorable tool and equipment selection for component dismantling and efficient protection against 
spreading of contamination can be achieved as a result of pre-determining the plant-specific circumstances. This 
includes a survey and exchange of experience on the processes and tools currently used in the nuclear industry 
for the dismantling of plant components and systems. 

The examples given show that, when a detailed pre-planning of the overall project and the actions are carried 
out, primary and secondary waste production can be minimized and optimum performance with regard to 
radiological safety can be achieved. 

1. Introduction 
To assure safe implementation of a nuclear decommissioning and dismantling project, it is essential 
that sufficient information on current plant conditions and lifetime history is obtained. Based on this 
data, the skilled planning of general project execution as well as of individual processes provides for 
optimal results with respect to safety. A proven measure to do this is using 3D planning tools, which 
allow complex processes and sequences to be delineated in a sufficiently realistic and accurate way. 
The site-specific proportions, reaches and interfaces can thus be visualized to the planning engineer 
and the licensing authorities prior to starting on-site work. Figure 1 shows examples of 3D 
representations. 
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Figure 1: 3D Representation of a remote controlled dismantling tool used in a reactor 

2. Basic criteria for the selection of dismantling tools and equipment 
The following are the main aspects to be considered when selecting the proper tools and auxiliary 
equipment: 

� What are the room conditions inside the plant? 

� What are the dose rates expected at plant components, systems and in the rooms concerned? 

� Where and what magnitude of radioactive contamination is expected?  

� Is there conditioning and waste management equipment available at the site? 

� What to do with the generated radioactive waste? 

� Which systems have to be dismantled and what are the quantities? 

� Is there appropriate measuring equipment available to measure dispersal of contamination? 

� Are additional barriers required to avoid dispersal of contamination? 

3. Selection of dismantling tools and equipment 
Table 1 includes some essential components to be dismantled in a reactor decommissioning project and 
a survey of proven dismantling options. Selection is principally based on the actual dose rate and 
accessibility conditions. 

Table 1. Reactor components and dismantling options 

Dismantling Option 

Component / 
Plant Part 

High-Pressure 
Water Jet 
Cutting

Cable
Sawing Sawing Forcing 

Apart 
Chiselin

g
Nibbling / 
Shearing 

Thermal 
Cutting 

Core Internals Yes Yes Yes No No Yes Yes * 

Reactor Pressure 
Vessel Yes Yes Yes No No No Yes** 

Biological 
Shield Yes Yes Yes Yes Yes No No 

Metal
Components Yes Yes Yes No No Yes Yes 

Remark: * up to 10 m depth under water,  

    ** up to 200 mm depth under water 

4. Practical experience 

Concerning the above dismantling options, some data resulting from practical experience are 
already available. 
The reactor tank and the thermal shield of the Merlin Research Reactor was dismantled using a 
hydraulic disk saw. Tank and shield, which had both been of a sandwich design (19mm aluminum, 
100mm lead, 19mm aluminum), were dismantled each by performing single cuts. The sawing process 
and the qualified sawing equipment used is shown in Fig. 2. 

Figure 2: Remote controlled dismantling of reactor tank and thermal shield using hydraulic sawing 
equipment 

In-tube cutting equipment of simple design was used for cutting jet pipes and other piping material 
with high dose rates.  

    
Figure 3: Inner tube cutting device
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The biological shield of a research reactor was dismantled using remote controlled demolition 
equipment, as shown in Figure 4. 

      
Figure 4:Dismantling of biological shield using remote controlled equipment 

If the dose rates are such that manual separation processes can be used inside a reactor tank, 
demolition by “forcing apart” constitutes a proven technology. This “dry” demolition process has the 
advantage of not producing excessive noise or shock effects in the environment. A typical example 
was the demolition of the biological shield of the TRIGA HD II Research Reactor owned by the 
German Cancer Research Center, as shown in Figure 5. 

      
Figure 5: Manual demolition applying the “forcing apart” process 

5. Containment 
To avoid spreading contamination, the area where demolition and/or dismantling work is being carried 
out must be contained. The size of the containment area is to be adapted to the workplaces concerned 
and the processes applied. A corresponding ventilation system (air change rate approx. 5 to 10 times 
per hour), including filter equipment, provides for retention of dust. For processes with high dust 
production rates, an additional extraction device should be used directly at the place of origination. 
Experience has shown that, when using an intermediate cyclone separator device, the serviceable 
lifetime of the ventilation system filters can considerably be extended. Access and exit areas of the 
containment should be provided with airlock systems. A typical containment enclosure and ventilation 
system are shown in Figure 6. 

                 
Figure 6. Tent construction and air system.

Figure 7 shows filter equipment with dedusting devices and an intermediate cyclone separator. The 
dust gets placed immediately in 200l-drums. 

              
Fig. 7: Ventilation system  with cyclone separator 

6. Waste conditioning 
The selection of the appropriate waste conditioning technique is based on the future waste disposal 
option and the corresponding acceptance criteria. If off-site conditioning facilities can be used, on-site 
size reduction should be limited to a minimum extent. However, for cost reduction purposes, on-site 
separation of radioactive and non-radioactive waste should be performed by using appropriate 
radiological measuring equipment. For long-term temporary storage, the waste is to be dried or 
appropriate measures are to be taken which avoid chemical reactions with subsequent gas formation in 
the waste packages. Pressure build-up in the hermetic waste containers can be avoided by using 
pressure release devices equipped with filters. 

The reactor core of the TRIGA Research Reactor can be serve as an example. This reactor core was 
packed as one piece in a shielded transport container and transferred to a radioactive waste treatment 
facility nearby, where it was compacted. The results can be seen in Figure 8. 

      
Figure 8: Transport cask, core and waste conditioning.  
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Experience has shown that, when using an intermediate cyclone separator device, the serviceable 
lifetime of the ventilation system filters can considerably be extended. Access and exit areas of the 
containment should be provided with airlock systems. A typical containment enclosure and ventilation 
system are shown in Figure 6. 

                 
Figure 6. Tent construction and air system.

Figure 7 shows filter equipment with dedusting devices and an intermediate cyclone separator. The 
dust gets placed immediately in 200l-drums. 

              
Fig. 7: Ventilation system  with cyclone separator 

6. Waste conditioning 
The selection of the appropriate waste conditioning technique is based on the future waste disposal 
option and the corresponding acceptance criteria. If off-site conditioning facilities can be used, on-site 
size reduction should be limited to a minimum extent. However, for cost reduction purposes, on-site 
separation of radioactive and non-radioactive waste should be performed by using appropriate 
radiological measuring equipment. For long-term temporary storage, the waste is to be dried or 
appropriate measures are to be taken which avoid chemical reactions with subsequent gas formation in 
the waste packages. Pressure build-up in the hermetic waste containers can be avoided by using 
pressure release devices equipped with filters. 

The reactor core of the TRIGA Research Reactor can be serve as an example. This reactor core was 
packed as one piece in a shielded transport container and transferred to a radioactive waste treatment 
facility nearby, where it was compacted. The results can be seen in Figure 8. 

      
Figure 8: Transport cask, core and waste conditioning.  
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 Abstract. Since the late 1980s the CEA has been actively implementing methods to benefit from its 
experience in dismantling nuclear facilities. Capitalizing on prior experience—originally to address safety 
requirements—has now acquired greater importance in the CEA with the implementation of project management 
knowledge bases that require better control of performance and cost from initial estimates to completion. 

Changing regulations (waste, radiological protection, safety, etc.) and decommissioning policies in major 
organizations (objectives, funding, deadlines, organization, etc.) significantly influence dismantling projects. 
Experience with knowledge management has shown that the approach consisting in exhaustive project data 
collection often produces large, unwieldy information bases that are difficult to apply to subsequent projects. 
Principles and recommendations can nevertheless be derived, but require detailed analysis of all the aspects of 
dismantling (waste, dosimetry, conventional and nuclear safety, cost, deadlines, physical and radiological 
environment, regulatory provisions, etc.). The wide range of CEA facilities, the different stages in the course of a 
project that often lasts for several decades, changing operators and supervisors, all imply that a given situation 
can be assessed and reconsidered differently depending on the project organization, participants and background. 
Past results can be considered technically satisfactory, but poorly rated in terms of cost or scheduling. 

The current approach consists in focusing more on the relevance of the information conserved, favoring common 
practices emanating from a dedicated center of expertise, and applying suitable processes after discriminating 
between the lessons learned directly from experience and from consolidation of professional knowledge bases. 

1. Introduction 
Since the late 1980s the CEA has been actively implementing knowledge management methods to 
capitalize on its experience in decommissioning nuclear facilities. This approach was initially adopted 
in response to regulatory requirements concerning safety—notably a ministerial order dated August 
10, 1984, regarding the design, construction and operation of basic nuclear installations—and was a 
basic component of the CEA’s quality policy. 

Since 2001, the creation of a dedicated fund and the oversight role of the fund’s board of supervisors 
and the French Court of Auditors (Cour des Comptes: http://www.ccomptes.fr) have heightened the 
CEA’s resolve to implement a project-based management organization for decommissioning at 
industrial scale. This streamlining process has led to a profound reexamination of the role of lessons 
learned from experience, which has become an integral part of methodological framework of 
management. 

2. Background and lessons learned from CEA decommissioning projects 
Since its creation in 1945, the CEA has built and operated nuclear facilities for a variety of activities. 
Beginning in 1958 with the Pu Plant at Fontenay-aux-Roses, and during the 1960s and 1970s, the CEA 
dismantled process development facilities that had since become obsolete: ZOE, CESAR, EL2, 
PEGGY, MINERVE, etc. The decommissioning operations were often carried out by the operating 
personnel as pilot cleanup projects, and identified the initial research and development topics for D&D 
tools and techniques. 

Larger facilities were dismantled during the 1980s: G1, ELAN 2A, EL3, TRITON, MARIUS. The 
CEA ensured project management functions for these operations, and the work was carried out by 
contractors. The decommissioning of these facilities was documented in progress reports or final 
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CEA’s resolve to implement a project-based management organization for decommissioning at 
industrial scale. This streamlining process has led to a profound reexamination of the role of lessons 
learned from experience, which has become an integral part of methodological framework of 
management. 
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Since its creation in 1945, the CEA has built and operated nuclear facilities for a variety of activities. 
Beginning in 1958 with the Pu Plant at Fontenay-aux-Roses, and during the 1960s and 1970s, the CEA 
dismantled process development facilities that had since become obsolete: ZOE, CESAR, EL2, 
PEGGY, MINERVE, etc. The decommissioning operations were often carried out by the operating 
personnel as pilot cleanup projects, and identified the initial research and development topics for D&D 
tools and techniques. 
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reports which, despite their lack of detail, were used to establish guidelines for decommissioning 
policy. 

Work began in 1996 on decommissioning the EL4 reactor at Brennilis to Stage 2. A veritable 
“industrial organization” was set up with the contracting authority represented by a joint CEA-EDF 
entity, and project management assigned to an engineering group. Work began early, and the 
difficulties encountered during contracting highlighted the need for prior specification using 
preliminary design studies to develop a reference scenario that takes into account the technical risks 
inherent in decommissioning projects. 

Following the end of French nuclear testing in 1996, decommissioning was initiated in the enrichment 
plants at Pierrelatte (ARDEMU program) and the UP1 reprocessing plant at Marcoule (CODEM 
program) with—for the first time in a decommissioning project—a methodological framework for 
program management based on BNAE recommendation RG 000 40 (Bureau de Normalisation de 
l’Aéronautique et de l’Espace). The ongoing decommissioning of UP1 is the largest decommissioning 
operation ever undertaken in France. 

The Nuclear Energy Division (DEN) was created when the CEA was reorganized in 2001. Its Legacy 
Assets and Decommissioning Division (DPA) is the contracting authority for decommissioning 
civilian nuclear facilities, with the constitution of a dedicated “civil” reserve fund. In 2004, the 
contracting authority for the decontamination and decommissioning operations in the UP1 plant and 
related facilities was also transferred to the DPA and another dedicated fund was created to ensure 
long-term funding of these operations. 

In 2005, in response to the Court of Auditors report on Decommissioning of Nuclear Facilities and 
Radioactive Waste Management, the CEA General Administrator confirmed that meeting the 
budgetary and scheduling constraints were major priorities. This implies a continual effort to learn 
from previous experience with operations still in progress or already completed, and a firm 
commitment to progress. 

In 2006 the CEA submitted its 10-year decommissioning plan to the French Nuclear Regulatory 
Authority, for an assessment of the relevance of its decontamination and decommissioning strategy, its 
liquid and solid waste management policy, and the technical feasibility of scenarios for completely 
decommissioning nuclear facilities. This report includes a comprehensive assessment of the lessons 
learned from the experience of the last twenty years. 

3. Centralized documentation 
The first steps taken by the CEA in the context of applying the experience gained from 
decommissioning nuclear facilities concerned the consolidation of relevant documents. 

In 1991, the Nuclear Facility Decommissioning Unit (UDIN) created a documentary reserve at 
Marcoule, which has been enriched as work progresses, as well as by additional documents from 
abroad. It was originally compiled from the standpoint of the lead contractor’s liability. 

Over the last fifteen years it has become clear that managing the lessons learned from experience must 
focus more on the relevance of the data conserved, and that two approaches to documentary holdings 
must be distinguished: 

1) Direct retrieval of stored data similar or comparable to a given operational situation and context 
(environment, regulations, etc) to provide additional background for operational decision-
making; 

2) Consolidation of a methodological framework: field work is systematically reviewed, enriched, 
updated and sometimes used to revise the “prescribed” references (technical and methodological 
framework, quality, training, etc.). 

These two aspects are complementary, and the first often enriches the second. 

4. D&D cost assessment 
From 1986 to 1990 the NEA (the OECD’s Nuclear Energy Agency: 
(http://www.nea.fr/html/nea/flyeren.html) had already noted the magnitude of decommissioning cost 
variations from one project to another, and attempted to determine to what extent these variations 
could be attributed to political, institutional, technical and economic factors. 

These studies showed the importance of updating cost figures to reflect the rapid evolution of 
decommissioning techniques in the 1980s. They revealed that the significant variations observed were 
due to physical differences between the facilities themselves, the strategy and hypotheses adopted for 
the projects, national decommissioning and waste management policies, social considerations and the 
implementation schedule. They also highlighted the fact that the main cost differences for similar 
operations arise from the estimated manpower requirements and from the quantities of waste 
produced. 

This analysis is corroborated by the lessons learned from ten years of evaluations by the CEA, which 
demonstrate the importance of the quality of the physical and radiological inventories that directly 
determine the waste production, but also of the scenario studies, not only for specifying the working 
time but also with regard to the issues of waste removal and treatment. 

The CEA and COGEMA have developed a quantitative methodology for capitalizing on prior 
experience, “ETE-EVAL”, capable of simulating the cost of a decommissioning project based on the 
design ratios computed for previous projects (ratios for quantities of work, waste production, task 
duration, etc). This parameterized methodology uses the inventory data to produce cost estimates 
(within 50%) to update the 30-year decommissioning plan for CEA facilities, or during the startup 
phase of a decommissioning project. 

To enhance the reliability of inventory management, the CEA has also developed a methodology for 
ensuring the traceability of facility data and for managing hypotheses when not all the zones are 
accessible. Configuration management of the physical and radiological inventories allows the system 
to respond to all the stages in the lifetime of a decommissioning project, from the cost estimate to the 
comprehensive examination of decommissioning scenarios and their implementation. 

5. Structuring and collection of quantitative data 
The first quantitative results of experience were acquired in order to predict decommissioning costs. 
Beginning in 1993, various studies initially funded by the OECD/NEA led to the development of a 
methodology for collecting data on decommissioning costs and integrated doses from data sheets, and 
subsequently to the creation of the first computer database “DB-COST and DB-TOOLS” (http://ec-
db.net/). 

In preparing the first fact sheets the advantages of organizing operations by operational data sheets 
(fiches techniques d’opération: FTO) quickly became apparent, leading the CEA in 1995 to begin 
developing a program known as REXDIN to automate the generation and collection of FTOs. The 
quantitative approach to experience feedback is based on day-to-day recording of detailed values 
(costs, task durations, waste production, dosimetry, etc.) for individual tasks in order to reuse the 
compiled data when specifying new projects. The application thus also constitutes a qualitative 
experience feedback tool, capable of recording the operating procedures applied to carry out 
decommissioning operations. The function used to generate ratios and technical coefficients for entry 
into DB-COST or the cost assessment databases has not yet been implemented, however. 

Because of its proximity to the project task flowsheet, this program was subsequently proposed for use 
as an ongoing project management aid, but with little success because of the poorly-suited user 
interface. The initial experience with REXDIN revealed certain limits to large-scale deployment of 
this method: 

• The perceived awkwardness of managing the project data collection structure (initial data entry 
and updates) and of the day-to-day data entry process: this complexity can no doubt be 
simplified and made more user-friendly, but it is also a consequence of the exhaustiveness and 
level of detail of the compiled data; 
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• The lack of a general tool for using all the REXDIN data bases that would make the results 
directly applicable at an operational level: the data are currently processed manually, one 
database after another, and no suitable query module is available; 

• The absence of any means for converting REXDIN values into ratios that can be integrated into 
the ETE-EVAL database, which would constitute a major application for the REXDIN data. 

The lessons learned from applying quantitative experience feedback over the last fifteen years show 
that a policy of computerized centralization of all project data very quickly reaches its limits if no 
effort was made when selecting the technological options to ensure data continuity and database 
migration, and to organize the resources and means for processing such a large number of records. 
This approach must also be targeted on operations of major technical value (pilot projects). 

During the data collection phase the success of this approach also assumes the software application is 
acceptable to the project team. The repetitive data entry inherent in this type of application requires a 
carefully designed user interface. It is also indispensable to ensure an immediate benefit for the 
project, for example by providing assistance for generating progress statistics for management 
indicators. 

6. Decommissioning project organization 
Until the late 1990s, decommissioning projects showed the adverse effects of the priority assigned to 
CEA research programs. Civilian decommissioning projects at that time suffered from insufficient 
human and financial resources, whereas the end of French nuclear testing allowed a redeployment of 
the personnel assigned to those programs, and thus accelerated defense-related decommissioning 
projects. 

The projects were carried out according to the volume of available funding, with no well-defined 
sequencing and without clearly established contractual objectives; each CEA center implemented its 
own specific organization, which was not necessarily consistent from one project to another; the unit 
in charge of the project was often also responsible for operating the facility. At each stage of the 
project, the absence of a formal design review and of clear specification requirements was liable to 
lead over time to major changes in the scenarios, extended deadlines and final cost overruns that were 
difficult to justify for lack of traceability, although the actual needs may have changed in the interim. 
The wide range of CEA facilities, the lifetime of a project that often extends over several decades, 
turnover of operators and supervisors, all imply that a given situation can be assessed and reconsidered 
differently depending on the project organization, participants and background. Past results can be 
considered technically satisfactory, but poorly rated in terms of cost or scheduling. 

On the basis of its accumulated experience the CEA decided to set up an organizational system 
founded on agreed objectives according to a single methodological framework of project management. 
This approach—applicable at every stage in the lifetime of a decontamination and decommissioning 
project, and consistent with applicable statutory or regulatory provisions and quality assurance 
standards—defines the administrative processes related to conventional and nuclear safety, and 
specifies the contractual process, procurement strategy and industrial organization. The 
methodological framework for tracking the technical and economic progress of decommissioning 
projects is now being integrated into the CEA management software, and will be deployed for all DEN 
projects by the end of 2007. 

Recent experience with projects managed according to this approach demonstrates the very beneficial 
effect on improving the clarity and understanding of the objectives and milestones for all concerned at 
every level of the project (including the contracting firms), and on mitigating the effects of the 
inevitable turnover in the management structures over periods of a decade or more. 

7. CEA knowledge management for the future 
Marcoule has become the center of expertise for decommissioning and for evaluating the lessons 
learned from experience in support of the CEA’s major D&D operations. It has been assigned a range 
of missions: 

• Review and synthesize the methodological, technical and organizational experience acquired; 

• Implement tools for cost assessment of future projects based on the lessons learned from 
experience; 

• Maintain a level of technical expertise and specify generic methods in the areas of teleoperation, 
tooling, and measurements; 

• Propose and monitor actions for the development and qualification of suitable techniques and 
tools for decommissioning projects and tasks. 

The CEA is currently proceeding with a complete revision of its decommissioning review system; 
value analysis was implemented: 

• To assess the need for further capitalization on prior experience in the field of 
decommissioning, based on current experience; 

• To define procedures for compiling the experience and expertise of specialists, or the 
information contained in project documents and databases; 

• To define the organizational setup required, the retrieval procedures, and the resources 
necessary for capitalizing and disseminating useful lessons learned from experience and for 
active decommissioning knowledge management. 

One of the lessons learned from the previous generation of the CEA’s decommissioning knowledge 
management system was the importance of ensuring the relevance of the information to be conserved. 
Knowledge cannot be completely reduced to archived data, however, and hands-on experience 
remains irreplaceable. Implementing a single unified methodological framework for decommissioning 
project management has already made it possible to organize a center of expertise consolidating a 
broad range of interests. The expectations are high, and with the CEA committed to demonstrating 
industrial and technical expertise in decontamination and decommissioning activities, it is now 
indispensable to produce technical standards to harmonize decontamination and decommissioning 
practices in the field and to document generic CEA requirements for contracting firms. 

How can a young project manager be trained in a few months? What will be the requirements for 
projects that will not be completed before 2030? Information technologies will no doubt provide a 
partial solution, but mutual assistance, information exchanges, networks of relations, and sharing of 
ideas and practices will always be essential. 

You cannot teach people anything; you can only help them discover it within themselves.
— Galileo Galilei (1564–1642) 
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directly applicable at an operational level: the data are currently processed manually, one 
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• The absence of any means for converting REXDIN values into ratios that can be integrated into 
the ETE-EVAL database, which would constitute a major application for the REXDIN data. 
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considered technically satisfactory, but poorly rated in terms of cost or scheduling. 
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founded on agreed objectives according to a single methodological framework of project management. 
This approach—applicable at every stage in the lifetime of a decontamination and decommissioning 
project, and consistent with applicable statutory or regulatory provisions and quality assurance 
standards—defines the administrative processes related to conventional and nuclear safety, and 
specifies the contractual process, procurement strategy and industrial organization. The 
methodological framework for tracking the technical and economic progress of decommissioning 
projects is now being integrated into the CEA management software, and will be deployed for all DEN 
projects by the end of 2007. 

Recent experience with projects managed according to this approach demonstrates the very beneficial 
effect on improving the clarity and understanding of the objectives and milestones for all concerned at 
every level of the project (including the contracting firms), and on mitigating the effects of the 
inevitable turnover in the management structures over periods of a decade or more. 

7. CEA knowledge management for the future 
Marcoule has become the center of expertise for decommissioning and for evaluating the lessons 
learned from experience in support of the CEA’s major D&D operations. It has been assigned a range 
of missions: 

• Review and synthesize the methodological, technical and organizational experience acquired; 

• Implement tools for cost assessment of future projects based on the lessons learned from 
experience; 

• Maintain a level of technical expertise and specify generic methods in the areas of teleoperation, 
tooling, and measurements; 

• Propose and monitor actions for the development and qualification of suitable techniques and 
tools for decommissioning projects and tasks. 

The CEA is currently proceeding with a complete revision of its decommissioning review system; 
value analysis was implemented: 

• To assess the need for further capitalization on prior experience in the field of 
decommissioning, based on current experience; 

• To define procedures for compiling the experience and expertise of specialists, or the 
information contained in project documents and databases; 

• To define the organizational setup required, the retrieval procedures, and the resources 
necessary for capitalizing and disseminating useful lessons learned from experience and for 
active decommissioning knowledge management. 

One of the lessons learned from the previous generation of the CEA’s decommissioning knowledge 
management system was the importance of ensuring the relevance of the information to be conserved. 
Knowledge cannot be completely reduced to archived data, however, and hands-on experience 
remains irreplaceable. Implementing a single unified methodological framework for decommissioning 
project management has already made it possible to organize a center of expertise consolidating a 
broad range of interests. The expectations are high, and with the CEA committed to demonstrating 
industrial and technical expertise in decontamination and decommissioning activities, it is now 
indispensable to produce technical standards to harmonize decontamination and decommissioning 
practices in the field and to document generic CEA requirements for contracting firms. 

How can a young project manager be trained in a few months? What will be the requirements for 
projects that will not be completed before 2030? Information technologies will no doubt provide a 
partial solution, but mutual assistance, information exchanges, networks of relations, and sharing of 
ideas and practices will always be essential. 

You cannot teach people anything; you can only help them discover it within themselves.
— Galileo Galilei (1564–1642) 
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Abstract. In Germany a broad range of facility types are actually being decommissioned. The variety of 
facilities includes SUR-100 educational reactors (to be dismantled within some days) as well as commercial 
power plants, lab-based pilot plants for fuel reprocessing and commercial fuel element manufacturing plants. 
The actual decommissioning and dismantling projects comprise 19 power and prototype reactors, 33 research 
reactors and 11 fuel cycle facilities which are being or have been decommissioned. The lack of a facility for the 
disposal of decommissioning waste lead to a reduction of disposal volume for waste with negligible heat 
generation. Compared to the derived disposal volume for reference reactors in the nineties, actual 
decommissioning projects will lead to slightly reduced waste volumes. This is achieved by improved compaction 
and packaging technologies as well as improvements in pre-dismantling sampling and measurements, the latter 
leading to more precise nuclide vectors and thus a better separation of materials for clearance. It has been shown 
that the German regulatory framework is applicable to any type of nuclear facilities located in Germany, 
however, nuclear facility-specific boundary conditions have to be taken into consideration, such as specific 
nuclide vectors; contaminations of systems, buildings, soil and groundwater; limitations in space and others. This 
includes radiation protection measures, clearance options and dismantling technologies as well as waste 
conditioning and interim storage. 

1. Introduction 
During the last twenty years, a whole variety of nuclear installations have entered its decommissioning 
phase in Germany. This comprises all six German prototype reactors, several commercial power 
reactors, more than thirty research reactors and critical assemblies as well as several fuel cycle 
facilities, comprising of commercial fuel manufacturing for high-temperature reactors and light water 
reactors, laboratory and pilot plants for fuel reprocessing. 

There are different reasons for decommissioning of the installations. The prototype reactors as well as 
most of the research reactors were shut down when their research programmes were accomplished or 
fuel options were abandoned (liquid fuels, high enriched uranium (HEU) fuels, thorium (Th) fuels). 

For commercial power reactors the main reasons for decommissioning were the end of the technical 
lifetime, the economic non-feasibility of replacement measures, the abandoning of fuel options and 
reactor lines (Th fuels, high temperature reactor (HTR), breeders) and the exhaustion of the energy 
production rights granted by the phase-out agreement between the government and the utilities. The 
phase-out agreement will lead to a stepwise shut-down of the commercial power reactors until the year 
2021 (based on estimations under current conditions). 

The fuel cycle facilities were shut down because of the abandoning of fuel cycle options (reprocessing, 
mixed oxide (MOX)-fuel, Th-fuel, HTR fuel) or the technical end of their lifetime and the non-
fulfilment of modern safety requirements. The latter was the result of an amendment of the Atomic 
Energy Act [1] requiring the re-licensing of the fuel cycle facilities. 
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The German nuclear installations which are being decommissioned or which have been completely 
decommissioned can be seen in Table 1. 

Table 1. Overview of German nuclear installations in decommissioning or decommissioned 

Type of facility  In the process of 
decommissioning 

Fully removed or 
released from 
regulatory control 

Reactors with electrical power generation 
(nuclear power plants, prototype reactors) 

17 reactor units 2 reactor units 

Research reactors  >1 MW thermal power 
(incl. Nuclear ship Otto Hahn)  

8 reactors  

Research reactors < 1 MW 4 21 
Fuel cycle facilities (commercial 
production and reprocessing of fuel 
assemblies, research and prototype 
facilities) 

6 5 

2. Licensing process 
Decommissioning of nuclear installations requires a license according to the Atomic Energy Act [1]. 
As Germany is governed in a federal system, there are authorities on the federal (Bund) as well as on 
the federal states (Länder) level. The competent authority for licensing is the respective Länder 
ministry. The federal authorities evaluate expediency and lawfulness of the license draft. This ensures 
the implementation of the licensing in a uniform manner in all Länder. Figure 1 shows an overview of 
the licensing process.  
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Figure 1.Overview of the licensing process for decommissioning in Germany 

3. Strategy selection 
As surface disposal of radioactive waste is not considered in Germany, entombment is not a strategy 
for decommissioning in Germany. The decommissioning strategy (immediate or deferred dismantling) 
is selected by the operator. This decision is not influenced by the licensing authorities as long as the 
licensing requirements of the Atomic Energy Act [1] are met. At present, immediate dismantling is the 
predominant strategy. It allows the operator to benefit from the knowledge of the plant personnel and 
allows a socially acceptable decrease of workforce. Only two of the actual 19 power reactors are in 
safe enclosure at the present time.  

Currently a new strategy is being planned, combining the advantages of the two others. The reactor is 
dismantled immediately, but major large components such as the reactor pressure vessel or steam 
generators are removed as a whole and stored for decay during several years outside the plant. This 

allows dismantling of the remaining systems and buildings, but requires a storage facility for large 
components. Dismantling of large components as a whole has been licensed recently. 

4. Dismantling and decontamination 
The technical issues of decommissioning – decontamination and dismantling techniques – are solved 
to a large extend. Of course, there is still some potential for optimisation regarding cost, timescale, 
waste amount and radiological protection. 

A broad range of cutting technologies have been developed or adapted for decommissioning purposes 
(e.g. dry wire cutting, plasma cutting). Special emphasis must be given to techniques with low 
production of aerosols, such as nibblers for metal cutting or on techniques that can be adapted for 
underwater use. The example of the WAK reprocessing pilot plant shows, that clear limits for the use 
of semi-remote controlled or full remote controlled techniques and structured planning can reduce the 
dose to workers significantly. 

Decontamination technologies have been adapted and are widely automated (e.g., automated shaving 
devices for walls, floor and ceiling). 

Further technological efforts have been undertaken in the field of clearance and data management. 
Buildings and ambient areas are usually measured by collimated gamma spectroscopy. Clearance 
measurement devices with an adequate shielding and multiple detectors are used by default for the 
release of bulk material. 

5. Cost aspects and funding  
The “polluter pays” principle is the basis of the German system for the funding of decommissioning. 
The decommissioning of commercial nuclear power plants (NPP) is funded by provisions built up 
during the first 25 years of the operational phase of the plant [2]. These provisions amount up to about 
30 billion EUR [3] for all commercial German power plants. Provisions also cover the liabilities of 
commercial fuel element fabrication.The decommissioning of non-commercial installations is financed 
by the annual budgets of Bund (Federal) and Länder (federal states). These installations comprise the 
reactors in Greifswald and Rheinsberg, most of the prototype reactors and most of the research 
reactors as well as the prototype reprocessing plant WAK (a substantial part of the decommissioning 
cost of the latter has been covered by an industry financed fund). Figure 2 shows the progression of 
the total cost estimations for the decommissioning of the listed installations to be covered by the 
federal government. The total decommissioning expenses are estimated to 5.8 billion EUR, the 
remaining billion EUR is paid for by third parties (industry and Länder). The cost estimations rose by 
about 15% within the last six years. This is partially because of normal price increase, and because of 
occurrence of unforeseen difficulties. The figure does not include disposal costs or mining and milling 
projects. 

Figure 2. Estimated total federal expenses for decommissioning of research facilities based on budget plans of 
the years 1999-2005 (this comprises the federal part of the projects KKR, KGR, WAK, FR 2, KKN, KNK II, 
MZFR, HDB, HDR, AVR, THTR-300, SNR-300, Asse, TRIGA, Maren, FZJ; approx. another billion EUR is paid 
for by third parties; does not include disposal; the actual cash-flow is about 250 Mio EUR per year) [4] 
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6. Doses during decommissioning 
Doses during decommissioning of nuclear installations are not negligible. Nevertheless, they tend to 
be slightly lower than during operation (with maintenance inspections). The collective dose during 
decommissioning is usually below 300 man mSv/a. For smaller research reactors (such as TRIGA 
types) the total collective dose to workers is usually between 50 and 100 man mSv. The following 
figure shows mean individual doses for the decommissioning projects (commercial NPPs and 
prototype reactors) carried out at present. To have comparable values, the time scale is specified in 
years since final shut-down. The values themselves are a weighted mean (by manpower) of the mean 
individual doses. It shows that mean doses in general tend to be below 2 mSv/a and at least the doses 
of the plant personnel decrease continuously during the decommissioning phase. The sudden rise in 
the mean doses of the external personnel reflects the dismantling of core components and biological 
shielding by specialised workforce. 

Figure 3. Weighted mean (by manpower) of mean individual doses to plant and external personnel of 
major decommissioning projects (prototype and commercial nuclear power plants) 

7. Waste amounts and management 
As no large NPPs in Germany have been completely dismantled, the estimation of the waste amounts 
is at present derived by studies. The controlled area of a large PWR (1,200 MWe) has a total mass of 
about 156,500 Mg. During the dismantling of the controlled area of this NPP about 143,000 Mg of 
concrete rubble will arise. Nearly all concrete parts will be released and reused (after the removal of 
surface contamination, if necessary). Only 600 Mg of concrete will have to be disposed as radioactive 
waste. Equipment and components amount to nearly 13,500 Mg. From these materials about 3,000 Mg 
will have to be disposed as radioactive waste. 9,800 Mg will be released for reuse after 
decontamination and clearance. About 700 Mg should be released for disposal in a conventional 
landfill.  

Decontamination is essential in order to minimise radioactive waste. Scrap metal, building rubble etc. 
is generally decontaminated (as applicable) by means of abrasive blasting, chemical decontamination 
or with special methods like needle guns. They are then subjected to a clearance procedure outlined in 
Section 29 of the Radiation Protection Ordinance [5], which results in a final measurement and a 
clearance decision. The segregation between radioactive and non-radioactive substances is based on 
the requirements laid down in the German Radiation Protection Ordinance [5]. The ordinance provides 
quantitative data for individual radionuclides for various management options. Materials with 
radionuclide levels below the limits given in Annex III, table 1 of the ordinance can be released from 
nuclear regulatory control and handled as non-radioactive material. Otherwise, if the given criteria are 
not met, material is to be handled as radioactive waste. Typically only a few percent (approx. 2-3%) of 
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the total mass arising during decommissioning are disposed as radioactive waste. The waste mostly 
contains rather low activity levels. 

The high cost for the disposal in geological repositories makes large efforts in waste minimisation 
beneficial. While only a few nuclide fingerprints (or nuclide vectors) have been used in past 
decommissioning projects, newer projects tend to use much more nuclide fingerprints (up to several 
hundred). This is achieved by sampling and measurement campaigns during the post-operational 
phase. Each nuclide fingerprint covers a rather small part of the plant. Thus the exact characterisation 
of the respective batch allows to distinguish during release measurements much sharper for each 
fraction whether release is possible or not. 

As a repository is currently not available in Germany, decommissioning waste has to be stored for the 
time being. The interim storage facility will remain on site after the decommissioning has been 
completed. There are several options to solve the storage problem. One solution is to use existing 
buildings like at the Würgassen NPP. Here, the reactor trip system and the residual heat removing 
system building (RTS/RHR-building) and the existing low level waste storage building are used. In 
this case the license for the storage facility is usually covered by the decommissioning license. 
Nevertheless, the storage facility has to meet the requirements valid at the time, when the 
decommissioning license is granted. This may cause the need for a general refurbishment of existing 
buildings. Additional backfitting and conversion may be needed if the former building was not 
constructed specifically as a storage facility. A major advantage is that at the end of the storage period, 
the respective waste amounts. as well as dismantling, decontamination and clearance measurement 
efforts. May be lower, as the existing building would have been subject to decommissioning anyway. 
Storage facilities from operation may also be sufficient to store the waste from decommissioning. This 
might be the case for smaller research reactors. 

Another solution is to use external or centralised storage facilities. This is (due to the waste transport) 
mainly applicable for research reactors and especially for research centres. The Karlsruhe Research 
Centre has shown that decommissioning waste from several facilities (research and prototype reactors 
as well as the reprocessing pilot plant) can be conditioned and stored in a centralised facility. 

The third solution is the construction of a new storage facility as it will be done for the 
decommissioning waste from the Stade NPP. In this case, the main reason is to gain space, as the plant 
itself is rather narrow. The license for the storage facility can be covered by the decommission license 
or may be regulated in an independent license. The latter has the advantage, that the regulatory burden 
on the site might be smaller after the deregulation of the plant itself.  

8. Waste conditioning and disposal 
In Germany, all types of radioactive waste are to be disposed in deep geological formations. The 
Federal Government is aiming to establish a repository in deep geological formations by 2030, which 
will be suitable for all types of radioactive waste. In accordance with this objective, Germany does not 
apply the surface disposal concept.  

Only solid or solidified radioactive waste will be accepted for disposal in deep geological formations; 
liquid and gaseous waste is excluded from acceptance. The controlled safe disposal of radioactive 
waste, therefore, requires its conditioning prior to disposal. The non-availability of a repository means 
that the aspect of long term storage has to be taken into account in waste conditioning. On the other 
hand this situation will necessitate the current waste conditioning measures basically being planned 
and carried out in such a way that, depending on necessities and licensing relevant framework, a 
certain flexibility should be granted with respect to future waste conditioning steps. This should be 
understood as a contribution to reduce both the effort to meet future waste acceptance requirements 
and the additional radiation exposure of the personnel. 

Between 1994 and 1998 waste from the decommissioning of NPPs was disposed in the Morsleben 
repository (ERAM) which has been shut down in the meantime. In total 1654 waste packages with low 
level and medium level radioactive decommissioning waste (predominantly 200 l drums and 400 l 
drums) were disposed in the ERAM. The main components were rubble from dismantling of 
biological shields as well as compacted mixed waste. The decommissioning waste originating from 
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the total mass arising during decommissioning are disposed as radioactive waste. The waste mostly 
contains rather low activity levels. 

The high cost for the disposal in geological repositories makes large efforts in waste minimisation 
beneficial. While only a few nuclide fingerprints (or nuclide vectors) have been used in past 
decommissioning projects, newer projects tend to use much more nuclide fingerprints (up to several 
hundred). This is achieved by sampling and measurement campaigns during the post-operational 
phase. Each nuclide fingerprint covers a rather small part of the plant. Thus the exact characterisation 
of the respective batch allows to distinguish during release measurements much sharper for each 
fraction whether release is possible or not. 

As a repository is currently not available in Germany, decommissioning waste has to be stored for the 
time being. The interim storage facility will remain on site after the decommissioning has been 
completed. There are several options to solve the storage problem. One solution is to use existing 
buildings like at the Würgassen NPP. Here, the reactor trip system and the residual heat removing 
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Nevertheless, the storage facility has to meet the requirements valid at the time, when the 
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constructed specifically as a storage facility. A major advantage is that at the end of the storage period, 
the respective waste amounts. as well as dismantling, decontamination and clearance measurement 
efforts. May be lower, as the existing building would have been subject to decommissioning anyway. 
Storage facilities from operation may also be sufficient to store the waste from decommissioning. This 
might be the case for smaller research reactors. 
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itself is rather narrow. The license for the storage facility can be covered by the decommission license 
or may be regulated in an independent license. The latter has the advantage, that the regulatory burden 
on the site might be smaller after the deregulation of the plant itself.  

8. Waste conditioning and disposal 
In Germany, all types of radioactive waste are to be disposed in deep geological formations. The 
Federal Government is aiming to establish a repository in deep geological formations by 2030, which 
will be suitable for all types of radioactive waste. In accordance with this objective, Germany does not 
apply the surface disposal concept.  

Only solid or solidified radioactive waste will be accepted for disposal in deep geological formations; 
liquid and gaseous waste is excluded from acceptance. The controlled safe disposal of radioactive 
waste, therefore, requires its conditioning prior to disposal. The non-availability of a repository means 
that the aspect of long term storage has to be taken into account in waste conditioning. On the other 
hand this situation will necessitate the current waste conditioning measures basically being planned 
and carried out in such a way that, depending on necessities and licensing relevant framework, a 
certain flexibility should be granted with respect to future waste conditioning steps. This should be 
understood as a contribution to reduce both the effort to meet future waste acceptance requirements 
and the additional radiation exposure of the personnel. 

Between 1994 and 1998 waste from the decommissioning of NPPs was disposed in the Morsleben 
repository (ERAM) which has been shut down in the meantime. In total 1654 waste packages with low 
level and medium level radioactive decommissioning waste (predominantly 200 l drums and 400 l 
drums) were disposed in the ERAM. The main components were rubble from dismantling of 
biological shields as well as compacted mixed waste. The decommissioning waste originating from 
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these installations has been conditioned according to the ERAM waste acceptance requirements. This 
waste has been disposed in the ERAM without any problems. 
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Abstract. The DIORIT research reactor, located at the Paul Scherrer Institute (PSI), developed entirely by 
the Swiss industry, was in operation from 1960 until 1977. On the 7 July 1977 it was finally switched off and shut 
down. In 1988 PSI decided to dismantle DIORIT completely. The dismantling was planned in a two-year study 
between1992 and 1994 and the necessary approvals were obtained. 

Four different material categories had to be considered in the case of DIORIT: 

� Aluminum: because of the production of H2 during solidification in concrete, it is necessary to minimize the 
surface area. When dismantling DIORIT, the aluminum removed was melted in a furnace and poured into a 
4.5 m3 concrete container to solidify. Cutting the metal and handling it was largely accomplished by remote 
control, using conventional technology. 

� Steel/Cast-iron: the storage containers to be filled determine the method used for reducing the size of these 
materials, and the technique used for handling them. The goal is to optimize the packing density to reduce 
repository costs. The favored method of reducing the size of components is to cut them up with diamond-
tipped tools, like wire saws; saw blades, sword saws or core drilling. 

� Reactor-Graphite: for graphite, compaction, burning or substitution, the new method patented worldwide by 
PSI.

� Concrete: the disposal of this category of material is less of a problem. Mixing it as a filler material in 
containers with steel/cast-iron suggested itself, because of the storage volume saving which could be 
obtained. 

� Other materials: for example, insulation material, cork, asbestos, plastic etc. 

1. Introduction 
Stimulated by Prof. Paul Scherrer (Swiss Federal Institute of Technology, Zurich), the construction of a 
D2O-moderated, natural uranium research reactor (see Fig.1) was undertaken in Switzerland.  

The long-term goal was to establish nuclear power as a new source of energy. The DIORIT research 
reactor with a thermal power of 20 MW was built between 1956 and 1960. During experiments supporting 
planning for the construction of an experimental power plant, occasional incidents occurred. These caused 
cladding defects and contamination of the D2O-System with fission products. As a consequence of this, 
the reactor was rebuilt from 1970 to 1972 with an increase of thermal power. Thereafter, the reactor ran as 
DIORIT 2 until it was finally switched off on 7 July 1977. 
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Figure 1: vertical section of the DIORIT research reactor 

Legend:  
1 Reactor Tank DIORIT 1  18 Moving Mechanism for 16 
2 Fuel Elements (Natural Uranium) 19 Moving Mechanism for17 
3 Moderator (Heavy Water) 20 Upper Reactor Chamber 
4 Helium Blanket 21 Control and safety Rods 
5 Reactor Graphite 22 Scrubber for Canning-Leak-Detection-System 
6 Air duct for Reflector Cooling 23 Irradiation Facility 
7 Light Water Shield 24 Isotope Production Facility 
8 Upper Shield 25 Drive Mechanism and Charging Station 
9 Diphenyl Shield 26 Isotope Production Facility 
10 Thermal Shield 27 Irradiation Facility 
11 Cooling Coils for Thermal Shield 28 Irradiation Facility 
12 Lower Shield Plate (Cast Iron) 29 Lead Gate and Drive Mechanism 
13 Biological Shield (Colemanit Concrete) 30 Electrical Cables 
14 Biological Shield (Baryte Concrete) 31 Lower Reactor Chamber 
15 Shield Plate (Steel) 32 Shielded Corridor 
16 Rotating Plug with Excentric Annulus 33 D2O-Suction Pipe 
17 Rotation Plug 34 D2O-Discharge Pipe 

2. Decommissioning 
The goal of the decommissioning of DIORIT was to reach a safe condition for the public and 
environment, representing a minimal risk. In addition, the use of the area containing the reactor building 
for other purposes was intended. Supervising and preserving a safe condition was to be attained with a 
minimum of personnel. After taking the necessary technical and administrative steps, the facility was left 
for some years in this decommissioned condition. 

A first concept for the complete dismantling of the research reactor was developed in 1980. At that time, 
the classification of the phases 0, 1A, 1B, 2A, 2B and later 3 was effected. Phases 0 and 1A, which started 
in 1982, had first to be approved by the Swiss Federal Nuclear Safety Inspectorate (HSK). The permit to 
continue with phase 1B was given in 1983. It began that year, but because of financial problems, was 
interrupted in the same year. 

Following a reorganization of the institute in 1988, the complete dismantling of the DIORIT research 
reactor was decided upon. The phases planned in the original concept for dismantling were adapted and 
revised. They can be described as follows: 

Phase 0 covered the dismantling of all inactive, non-contaminated, no-longer-required components. This 
phase was successfully completed in 1994. Incidentally, it showed that proceeding according to the 
original plan (serial realization of the phases 0, 1A and 1B) would not be optimal. Therefore, a pragmatic, 
step by step procedure, combining these three phases, was chosen and successfully realized. A 
consequence of the phase 0 work was the disposal of a total of 141 tons of inactive waste; 

Phase 1A covered the disposal of  activated and/or contaminated reserve material. This phase also 
included disposal of parts of experimental equipment and components of other research laboratories of the 
institute. During this phase, more  than 82 tons of inactive waste was disposed of and 16.5 m3 of low level 
radioactive waste was conditioned (see Table 1); 

Phase 1B dealt with the disposal of the contaminated components of the reactor. To allow reuse of the 
reactor building, the cooling loops, the ventilating system, and parts of the waste water system, together 
with the fuel element basin were dismantled and/or decontaminated. This phase also included the clearing 
of a temporary storage area that contained components of DIORIT 1 (reactor tank, upper and lower 
shielding). Phase 1B, ran from 1991 until 1994, yielding more than 230 tons of inactive waste and 70 m3

of conditioned low level radioactive waste (see Table1); 

Phase 2A covered the dismantling and the disposal of all activated and contaminated components in the 
upper and the lower reactor chamber. Originally, in the course in this phase it was planned only to 
dismantle minor components in the reactor chambers. However, in order to get reliable radiation data for 
planning phase 2B, all installed components had to be removed from the reactor core. Therefore, by 
agreement with the Federal Nuclear Safety Inspectorate, all installations in the reactor tank, and all 
horizontal and vertical plugs were removed resulting in 6.2 tons of inactive waste and 1.6 m3 of  low level 
radioactive waste in 1992 (see Table1); 

Phase 2B refered to the final dismantling and disposal of the actual reactor block. In the original plan, this 
phase was not considered in detail. In 1992, however, the decision was made to dismantle the entire 
reactor block and to request cancellation of the permit to operate a nuclear facility. This phase resulted in 
5 tons of inactive waste and 150 m3 of low level radioactive waste; 

Phase 3 includes the rest of the inactive reactor block with irradiation facility tubes and the lower reactor 
chamber. And last but not least a new base plate in the reactor hall. 
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Table 1: Waste disposed from DIORIT, phases 0 – 3 

Phase: inactive active 

Phase 0 (1982; 1991 – 1994) 141,000 kg - 

Phase 1A (1982; 1992 – 1993) 82,300 kg 16.5 m3

Phase 1B (1991 – 1994) 230,750 kg 69.9 m3

Phase 2A(1992) 6,200 kg 1.6 m3

Phase 2B (1995 – 2004) 5,000 kg 150 m3

Phase 3 (2005 – 2007) 100,000 kg 45 m3

Total 565,250 kg 283 m3

3. Aluminum 
The procedure for conditioning alloyed aluminum low level radioactive waste was chosen to meet the 
demand already mentioned. It can be described in six steps: preliminary treatment, dismantling, waste 
handling, melting, conditioning and interim/final storage. The technique applied is essentially a 
conventional, well-tested one. It presents a novel solution, which is a complex combination of 
conventional procedures. 

Because of the relatively high gamma-dose rate of up to 50 mSv/h, remote controlled dismantling and size 
reduction was imperative. Thus, transfers of material took place remotely. The components to be 
dismantled had first to be transferred into the rooms assigned for cutting. For this purpose, pneumatically 
operated, remote controlled slings were used. 

The cutting was done with tools that are capable of completing all necessary tasks without any access by 
operating staff. The tools included a remotely operated device for cutting tubes with a milling tool. In 
addition, there was a tank cutting tool, consisting of a machine tool, equipped with a band saw blade. An 
extremely flexible manipulator handled each of the cut pieces. With it, they were brought to a balance for 
weighing, before they were fed to the induction furnace by the loading system. In this furnace, equipped 
with clay graphite crucibles, batches of 52 kg each were melted. 

By this means, the surface area of the aluminum can be reduced by about a factor of 20. The removal from 
the furnace was done automatically without manual intervention, supervised from a control station 
equipped with video and audio devices in a separate, shielded room. 

The possibility of accidents, such as an aluminum dust explosion, required complete vacuuming of the 
swarf.

With the above described facilities, all four main components; both reactor tanks, light water shielding and 
boral-shielding, can be dismantled without manual intervention. The planning of the detailed work 
anticipates a collective dose below 5 mSv for all tasks connected with the disposal of these components, 
including conservative estimates for several intervention doses in case of accidents. 

4. Steel/Cast-iron and colemanite concrete 
There is around 250 tons of material in this category. The material includes parts of the thermal shielding 
and contains components with a weight of up to 22 tons. The suitable method of conditioning is simpler 
then that for aluminum alloys because the melting and all associated  tasks are not required. 

The raw waste is dismantled either in a shielded location in the former reactor building or in their position 
as built. The size of the pieces to be handled is given by the dimensions of the waste packages, as was the 
case for the aluminum waste. Diamond-tipped saw blades and 1 m diamond wires are used for the cutting 

activities. Trials at a 1 to 1 scale showed these to be a very reliable and efficient way of cutting these 
components. 

The maximum operation range of the assigned tools lies between 60 cm (saw blades) and 1 m (diamond 
wire). The maximum cutting performance for both methods amounts to about 0.12 m2 steel per hour. If the 
surface being sawn consists of a combination of steel/concrete, the cutting performance increases 
considerably, depending on the material proportions. In this case, because of so-called self-sharpening, 
maintenance time is reduced, significantly improving the efficiency of the process. 

The dismantling of the components, followed by the loading of the containers follows an optimized 
sequence, leading to a combined filling with steel/cast-iron and concrete. Each waste package can be filled 
most efficiently, resulting in significant lowering of the final storage costs. 

5. Reactor graphite 
To process the chemically inert reactor graphite of the cylindrical and horizontal reflector did not require 
any precautionary measures regarding the stored Wigner energy. The approximately 45 tons of material 
were dismantled in blocks of 20 to 40 kg. In a 2-step shredder specially constructed for wet grinding of the 
graphite, the blocks were ground to a grain-size of 5 mm and stored temporarily in 200 litre barrels.  

In future conditioning projects, the ground reactor graphite will be mixed with cement as a substitute for 
sand and gravel to form a firm and stable waste matrix embedding other waste components in 16-ton 
concrete containers (see Figure 2: KC-T12 Concrete Container). The substitution of sand and gravel by 
the granulated reactor graphite will reduce the number of required waste containers by 10, saving 
approximately 1 million CHF.  This procedure was patented worldwide by PSI in the year 2000. 

Figure 2. KC-T12 Contrete Container  

6. Conclusions: 
For dismantling the DIORIT research reactor, the Paul Scherrer Institute decided to use internal know-
how as much as possible. On one hand, the knowledge of older staff, working for other projects today but 
experienced with the construction and alteration of DIORIT could be utilized directly. On the other hand, 

Athens - Book of Contributed Papers A4.indd   384 2006-11-06   13:59:47



385

Table 1: Waste disposed from DIORIT, phases 0 – 3 

Phase: inactive active 

Phase 0 (1982; 1991 – 1994) 141,000 kg - 

Phase 1A (1982; 1992 – 1993) 82,300 kg 16.5 m3

Phase 1B (1991 – 1994) 230,750 kg 69.9 m3

Phase 2A(1992) 6,200 kg 1.6 m3

Phase 2B (1995 – 2004) 5,000 kg 150 m3

Phase 3 (2005 – 2007) 100,000 kg 45 m3

Total 565,250 kg 283 m3

3. Aluminum 
The procedure for conditioning alloyed aluminum low level radioactive waste was chosen to meet the 
demand already mentioned. It can be described in six steps: preliminary treatment, dismantling, waste 
handling, melting, conditioning and interim/final storage. The technique applied is essentially a 
conventional, well-tested one. It presents a novel solution, which is a complex combination of 
conventional procedures. 

Because of the relatively high gamma-dose rate of up to 50 mSv/h, remote controlled dismantling and size 
reduction was imperative. Thus, transfers of material took place remotely. The components to be 
dismantled had first to be transferred into the rooms assigned for cutting. For this purpose, pneumatically 
operated, remote controlled slings were used. 

The cutting was done with tools that are capable of completing all necessary tasks without any access by 
operating staff. The tools included a remotely operated device for cutting tubes with a milling tool. In 
addition, there was a tank cutting tool, consisting of a machine tool, equipped with a band saw blade. An 
extremely flexible manipulator handled each of the cut pieces. With it, they were brought to a balance for 
weighing, before they were fed to the induction furnace by the loading system. In this furnace, equipped 
with clay graphite crucibles, batches of 52 kg each were melted. 

By this means, the surface area of the aluminum can be reduced by about a factor of 20. The removal from 
the furnace was done automatically without manual intervention, supervised from a control station 
equipped with video and audio devices in a separate, shielded room. 

The possibility of accidents, such as an aluminum dust explosion, required complete vacuuming of the 
swarf.

With the above described facilities, all four main components; both reactor tanks, light water shielding and 
boral-shielding, can be dismantled without manual intervention. The planning of the detailed work 
anticipates a collective dose below 5 mSv for all tasks connected with the disposal of these components, 
including conservative estimates for several intervention doses in case of accidents. 

4. Steel/Cast-iron and colemanite concrete 
There is around 250 tons of material in this category. The material includes parts of the thermal shielding 
and contains components with a weight of up to 22 tons. The suitable method of conditioning is simpler 
then that for aluminum alloys because the melting and all associated  tasks are not required. 

The raw waste is dismantled either in a shielded location in the former reactor building or in their position 
as built. The size of the pieces to be handled is given by the dimensions of the waste packages, as was the 
case for the aluminum waste. Diamond-tipped saw blades and 1 m diamond wires are used for the cutting 

activities. Trials at a 1 to 1 scale showed these to be a very reliable and efficient way of cutting these 
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Figure 2. KC-T12 Contrete Container  

6. Conclusions: 
For dismantling the DIORIT research reactor, the Paul Scherrer Institute decided to use internal know-
how as much as possible. On one hand, the knowledge of older staff, working for other projects today but 
experienced with the construction and alteration of DIORIT could be utilized directly. On the other hand, 
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the knowledge gained through this dismantling project remains in the institute, adding efficiency to other 
dismantling projects. 
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Abstract. The work on Virtual Reality (VR) tools for decommissioning planning, dose estimation and 

work management started at the Norwegian Institute for Energy Technology (IFE) in 1999 in the VRdose project 
with Japan Nuclear Cycle development institute (JNC), now JAEA. The main aim of this effort has been to help 
minimize workers’ radiation exposure, as well as help to achieve more efficient use of human resources. VRdose 
is now used in the decommissioning of one of JNC’s reactors, the Fugen Nuclear Power Station. This VR 
decommissioning project has later resulted in a series of projects and applications. In addition to 
decommissioning, IFE also put great focus on two other branches of VR tools, namely tools for knowledge 
management, training and education in operating facilities and tools for control room design. During the last 
years, this work, beginning at different ends, has been converging more and more towards VR technology for 
use through out the life cycle of a facility. A VR training simulator for a refuelling machine of the Leningrad 
NPP (LNPP) developed in cooperation with the Russian Research Centre Kurchatov Institute (RRC KI) is now 
planned to be used in connection with the decommissioning of the three intact reactors at Chernobyl in Ukraine. 
In this paper we describe experiences from use of VR in decommissioning processes, as well as results from 
bringing the VR technology initially developed for planned or productive facilities into the decommissioning 
toolbox. 

1. Introduction 
During the last ten years advanced 3D computer visualisation has grown from being fancy, almost 
exotic phenomena into being an integral part of many everyday computer applications, both at work 
and at home. Important factors in the fast development in this field have been the computer games and 
movies. The market for entertainment applications has grown into vast proportions, and the 
technology has been pushed forward by large budgets, and eager developers and students waiting in 
line for a creative job in computer games or film development. Other important uses of such tools have 
also been evolving fast. Examples are training applications and scientific visualisation. Nowadays, it is 
also expected that any news station will be able to provide elaborate animated 3D-models of a plane 
crash as soon as they have access to even a limited amount of data about the event. 

At the time when Halden VR Centre (HVRC) was established at the Norwegian Institute for Energy 
Technology in 1995, Virtual Reality (VR) was not commonplace, and deploying VR to real life 
challenges was widely regarded as an experimental approach. Could these entertainment techniques be 
of any real use? It actually took until 2003 before VR received its own chapter in the Halden Project 
work programme. By then a number of commercial projects using VR had been completed at HVRC. 
The major application area had from the start been in aiding Nuclear Power Plants in their control 
room designs, and after few years this grew into the HVRC CREATE suite, developed in cooperation 
with Electricité de France (EDF). These are now unique software tools for control room design and 
verification. Another important early project was the refuelling operation simulator (RMS-VR OPT) 
developed for LNPP as part of the Norwegian government’s safety program towards nuclear power 
plants in Russia, Central and Eastern Europe. And from in 1999, the VR technologies were also 
deployed for development of decommissioning tools by the start of the VRdose project[1][2]. 

Initially these were separate tools and in part based on separate third party technologies. After 
experiencing several times how vendors disappeared from the market or suddenly stopped developing 
their software (or hardware) for other reasons, the developers needed to be able to fully control the 
software they were working with. At the same time, the customers demanded lightweight solutions 
that did not force them to invest in large and expensive hardware facilities in order to use their 
software. It was therefore decided to use Java as the programming language in all projects, with the 
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the knowledge gained through this dismantling project remains in the institute, adding efficiency to other 
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Java3D API () for the 3D-graphical part. Java3D has recently become an open source project. This 
allows Java3D users to influence the code and guarantees that it will live for a long time. HVRC is 
now working with tools for the whole life cycle of the NPPs, and they are all developed on the same 
portable platform. Now these applications may be merged into tools not only for some dedicated phase 
of an NPP’s life, but for its whole lifespan. 

2. VR dose and the Fugen decommissioning project 
When it was decided that the Fugen Nuclear Power Station (NPS) was to be decommissioned, Japan 
Nuclear Cycle Development institute, JNC, (now JAEA), decided to go for a positive approach to the 
new situation. One of their aims was to build up a foray of methods, competence and knowledge to be 
available in future decommissioning projects in Japan, as well as internationally. And JAEA 
employees at Fugen are still looking upon the decommissioning tasks ahead as interesting new 
challenges in planning, research and execution.  

With basis in this philosophy, it was decided to use what in 1999 was cutting edge technology, at best, 
as a part of the decommissioning. The VRdose project thus started at IFE in 1999 with the aim of 
improving work planning and communication and reducing individual work doses by using virtual 
reality techniques. One of the ideas was that being able to view radiation conditions inside a 
representative computerised reproduction of a work environment one might increase the radiation 
awareness in both operators and executive decision makers. Another important issue was the 
experiences previously made in Halden regarding control room design: using VR tended to increase 
the involvement in and understanding of a work process at all levels of the organisation. This could 
help in making the work both better and more effective.  

2.1. Deployment of VR dose at Fugen 
At present VRdose is a part of the advanced technology used at Fugen[3][4]. It is a tool for visualising 
work situations and radiation conditions inside a Virtual Environment (VE) of a workplace. The VE 
can be obtained in various ways, as described in [5], and there are also several options for creating the 
radiation map. After the VRdose project was completed in March 2004, the system has been at use at 

Figure 1. Work scenario and radiation visualisation.  

the Fugen NPS. The last update of VRdose was delivered to Fugen in 2006, and further updates are 
planned. The following shows an example on how VRdose is used. 

A floor drain pipe needed replacement in the building where the radioactive waste at Fugen NPS is 
treated. A study was made in connection to this work operation in order to compare the real dose that 
the workers were exposed to and the dose predicted by VRdose. The work period was from July 2005 
to September 2005, and results from this study were kindly made available to HVRC by JAEA in 
2006. The screenshot to the left in Figure 1 shows the VR model of the work area with 3D-radiation 
visualisation. At the bottom right we see VR operators entering the work area, wearing intake 
protection gear. In the upper right corner the workers movements are indicated as black paths on a 
colour coded 2D-radiation map. After the work was completed, the results from VRdose simulations 
were compared to the real life experience, as shown in Figure 2. The conclusions of the Fugen staff 
were that the VRdose predictions tended to be conservative, as also demonstrated in previous tests [1] 
and that the average ratio estimated dose/real dose were at approximately 1.4. 

The worker doing the cutting of the pipes has received a slightly higher dose than VRdose has 
predicted. One possible reason for this is the way VRdose is estimating intake doses. Gamma 
radiation, which was the main concern during the first phased of project work, is treated very 
thoroughly by the VRdose and Hitachi DRES software [2], while only simple linear interpolation is 
used for the measured intake values. However, dismantling work often leads to intake doses, and 
adding a proper calculation of this distribution is therefore next on the VRdose work list, and 
improved algorithms will probably be implemented during the Spring of 2006. 

It is not worrying that the dose of the inspector calculated by VRdose is close to double of the real 
dose. VRdose should give a conservative estimate when used right, and as all worker movements are 
not added to a work scenario, the virtual workers are often recorded as standing still in high radiation 
areas, while the real worker, when aware of the radiation situation, will keep stepping back between 
operations. If we look at the dose graphs in Figure 3, we can see from the colour coding under each 
graph what each virtual person was doing when the dose was received. Green means walking, yellow 
means working or stopping up to inspect something. We can see that the virtual inspector is moving 
only at the beginning of the scenario. He is then recorded as standing still in one spot, close enough to  

Figure 2.Fugen analysis of the VRdose results.  
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the work to see what he needs 
for the last 2 hours of the 
scenario. The real life inspector 
was probably moving around 
more, and only went as close as 
this position when it was 
necessary. 

Another important work 
operation with deployment of 
VRdose is being investigated as 
this paper is written. Results 
may hopefully be reported in the 
poster session in the conference 
in December. In this case, the 
work operation is no longer 
maintenance, but real 
dismantling work. This work 
started on the 14th of November 
2005. This time the focus of 
VRdose use is to estimate dose 
and work time of actual 
dismantling work in the Heavy 
Water Upgrader Building 1 at 
Fugen NPS. It is also expected 
that the use of VRdose and 3D 
CAD will improve the 

understanding of the dismantling work operation prior to dismantling. 

3. RMS VR at Leningrad and Chernobyl 
As part of its safety program towards nuclear power 
plants in Russia, Central and Eastern Europe, the 
Norwegian government funded from 1999 to 2004 
four projects at LNPP with the purpose of 
improving training related to the use of the 
refuelling machine (RM) at LNPP. The projects 
have involved an international Russian-Norwegian 
joint team with the participation of LNPP, IFE and 
the Russian Research Centre Kurchatov Institute 
(RRC KI). The projects have resulted in two closely 
related VR-based applications. The first one 
developed in 1999-2002 was the Refuelling 
Machine Simulator using the VR Technology for 
Operation Personnel Training (RMS-VR OPT) [6]. 
Based on the solution developed for that system the 

other training system, Refuelling Machine Simulator using the VR Technology for Maintenance 
Personnel Training (RMS-VR MPT) [7], was made in 2003-2004. One of the systems, the refuelling 
operation simulator (RMS-VR OPT), is auditioning for an important role in the decommissioning of 
the Chernobyl NPP. The second system, the procedure training system (RMS-VR MPT), is usable for 
training almost any procedure including those related to decommissioning. This application will be 
developed further by the project participants in 2006-2007. 

Figure 3. VRdose estimates of radiation exposure 

Figure 4. The LNPP refuelling machine 

3.1. Motivation for developing VR-based training systems 
The Leningrad NPP near St. Petersburg consists of four RBMK reactors. 
Each reactor has an effect of 1000 MW. The RBMK reactor design enables 
on-line refuelling, which means that the operation takes place while the 
reactor is at full power using a special refuelling machine (RM). Typically 
the refuelling replacement schedule includes up to 400 operations per year. 
In connection with the refuelling operation and the RM it-self there are 
numerous operations and work tasks that are critical for safety, but difficult 
to train in secure environments due to safety risks, economical costs and 
practical reasons. Because of the complexity of the RM operation, it is 
important that the personnel involved have good knowledge and skills. 
Thorough education and training, before carrying out the actual work is 
therefore considered to be of highest importance. 

The aim of the training is to allow the RM operators and RM maintenance 
workers to complete their tasks easily, safely, efficiently, and with few 
errors. The training should therefore familiarise the trainees with 
procedures, equipment, steps, coordination, inspections, and safety 
concerns. To be effective, training must transfer to the actual work 
environment meaning that the skills and behaviours learned during training 
must be demonstrated in the working conditions. This means that: 

� Training must involve the user requiring active interaction on the part of the user;  

� The training must be sufficiently realistic supporting transfer to the actual work environment;  

� The trainee must receive feedback on his performance. 

Human factors research done both by IFE and others [8], [9], [10] clearly indicates that VR provides a 
useful tool for training because it offers the trainee direct experience with the material to be learned. 
This is in contrast to traditional training based on printed materials. In addition VR provides a safe 
method of training workers on tasks to be performed in radiation-exposed areas[11], [10]. 

3.2. Planning to use the refuelling simulator in the Chernobyl NPP decommissioning 
The decommissioning of the remaining three reactors of Chernobyl NPP (CNPP) is now being 
prepared. The reactor type at Chernobyl NPP is RBMK like the ones at LNPP. The dismantling 
includes the removal of the old fuel elements from the reactor core using the refuelling machine. This 
is a big challenge since most of the RM experienced specialists has left the plant and new ones have to 
be trained. According to the plans the removal of the fuel from unit No. 3 should have started in 
November 2005, but for the moment the work has been delayed due to the lack of trained specialists 
and proper funding. 

Chernobyl NPP has evaluated RMS-VR OPT at LNPP TTC and concluded that the use of RMS-VR 
OPT for training the refuelling personnel before actually performing the task will be significant for the 
success of the project. On this background a project proposal for use of RMS-VR OPT in training the 
CNPP operators was sent to the Norwegian government by IFE, LNPP, RRC KI and CNPP in January 
2006 with expected start-up of the project in late 2006 or the beginning of 2007. 

4. Conclusions and future work 
It is our experience so far that VR technology is useful for planning and training. Because it offers the 
potential for real-time interaction, it enables the users to experience straight away the consequences of 
actions taken by themselves or as a result of events. Thereby a user learns by actually performing a 
task rather than using traditional means such as paper exercises, reading or passively watching a video, 
or getting instructions in a classroom. 

The deployment of VRdose has so far given good results both in terms of prediction, planning, and 
communication, and the further use at Fugen will be watched closely also by the developers in order to 
keep improving the system. The refuelling simulator originally built for LNPP has already 

Figure 5. Seeing the 
invisible: here the 
inside of the 
machinery  
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the Russian Research Centre Kurchatov Institute 
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developed in 1999-2002 was the Refuelling 
Machine Simulator using the VR Technology for 
Operation Personnel Training (RMS-VR OPT) [6]. 
Based on the solution developed for that system the 

other training system, Refuelling Machine Simulator using the VR Technology for Maintenance 
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Figure 4. The LNPP refuelling machine 

3.1. Motivation for developing VR-based training systems 
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on-line refuelling, which means that the operation takes place while the 
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the refuelling replacement schedule includes up to 400 operations per year. 
In connection with the refuelling operation and the RM it-self there are 
numerous operations and work tasks that are critical for safety, but difficult 
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practical reasons. Because of the complexity of the RM operation, it is 
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The aim of the training is to allow the RM operators and RM maintenance 
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errors. The training should therefore familiarise the trainees with 
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concerns. To be effective, training must transfer to the actual work 
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must be demonstrated in the working conditions. This means that: 
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3.2. Planning to use the refuelling simulator in the Chernobyl NPP decommissioning 
The decommissioning of the remaining three reactors of Chernobyl NPP (CNPP) is now being 
prepared. The reactor type at Chernobyl NPP is RBMK like the ones at LNPP. The dismantling 
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and proper funding. 
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It is our experience so far that VR technology is useful for planning and training. Because it offers the 
potential for real-time interaction, it enables the users to experience straight away the consequences of 
actions taken by themselves or as a result of events. Thereby a user learns by actually performing a 
task rather than using traditional means such as paper exercises, reading or passively watching a video, 
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The deployment of VRdose has so far given good results both in terms of prediction, planning, and 
communication, and the further use at Fugen will be watched closely also by the developers in order to 
keep improving the system. The refuelling simulator originally built for LNPP has already 

Figure 5. Seeing the 
invisible: here the 
inside of the 
machinery  

Athens - Book of Contributed Papers A4.indd   391 2006-11-06   14:00:20



392

demonstrated very good training results, and has a definite potential for use also in decommissioning. 
An evident step forward now is to combine these tools, and also to incorporate functionality from the 
design and verification tools at HVRC to obtain a true life cycle suite of nuclear VR technology.  

Another interesting question is whether the use of VR tools as described in this paper may also 
improve the accordance between procedures and practices. Can procedures and regulations be 
improved, and thereby also be made more acceptable to the operators if the decision makers have 
access to VR tools? Can the understanding and acceptance of procedures be improved by letting the 
operators view and enact their work operations in VR? We would like to know. 
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Abstract. The United Kingdom Atomic Energy Authority (UKAEA) owns and operates five sites across the 
United Kingdom. The Winfrith site in Dorset was established in the late 1950’s as a centre for development of 
prototype reactors. During its history, nine research reactors have operated on the site together with: a fuel 
fabrication facility; a post irradiation examination facility; radiochemistry laboratories, etc. The largest reactor, a 
100MWe Steam Generating Heavy Water Reactor, was closed down in 1990 and the last research reactor was closed 
in 1995. Since the early 1990’s the site has been undergoing a programme of progressive decommissioning with a 
view to releasing the site for alternative use unrestricted by the site’s nuclear history. Key drivers for the design of 
the programme were safety, minimising adverse environmental effects, minimising costs and ensuring stakeholder 
support. One requirement of the stakeholders was to ensure that the site continued to provide high quality 
employment. This was successfully achieved by developing a Science and Technology Park on the nuclear site.  
Over 40 companies are now located on the Park providing over 1000 jobs. This paper will focus on the lessons learnt 
from over a decade of experience of decommissioning at Winfrith and will attempt to identify the ‘keys to successful 
decommissioning’. These ‘keys’ will include: defining the site end-point; planning the programme; defining the 
commercial strategy; cost estimation; evaluation and management of risks; safety and environmental management; 
and stakeholder engagement. In particular, the paper will explore the very close relationship between: funding 
profiles; cost estimation; risk management and commercial strategy. It will show that these aspects of the programme 
cannot be considered separately. The paper will attempt to show that, with careful planning; decommissioning can be 
achieved safety and give good value for money to the funding authority. 

1. Introduction 
The UKAEA’s site at Winfrith, in Dorset, UK has been the home to a 9 prototype nuclear reactors 
together with associated facilities for fuel fabrication; post irradiation examination of fuels; radiochemical 
laboratories; etc. Over the last decade or so many of these facilities have been successfully 
decommissioned and major parts of the site have been restored for alternative use as a Science and 
Technology Park. This work has been carried out safely, in an environmentally benign manner, and cost 
effectively. Over those years of successful decommissioning a number of key lessons, or keys to 
successful decommissioning, have been identified.  These will now be considered. 

2. Have a shared vision of the end-point of the decommissioning programme 
Before starting on any major decommissioning programme the site operators must have a clear vision of 
the required end-state for the site. At the Winfrith site this end-state was to create a pre-eminent science 
and technology park thus ensuring that high quality employment prospects continued on the site after the 
completion of the decommissioning programme. The agreed end-state will give a focus to the 
decommissioning programme and will provide motivation to the teams who are carrying out the 
implementation work. It is important that the end state is agreed by all key stakeholders (q.v.) and that 
there is a genuine shared vision of the deliverables from the programme. Having agreed the end-state it is 
then possible to derive the required level of decontamination in order to achieve that end state. In the case 
of the Winfrith site it was necessary to achieve de-licensing, i.e. removal of the site from nuclear 
regulatory controls, in order to develop the science and technology park. As such the clean up criteria 
were determined by the de-licensing criteria. On other sites, and in other countries, the clean up criteria 
can be matched to the requirements of the future use of the site.  In many cases this will be based upon a 
risk assessment based upon future occupancy of the site. 
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3. Failure to plan is planning to fail 
Having agreed the end-state of the site it is then necessary to develop the plans to achieve that end-state.  
The plans will consist of three factors which will come together to form the comprehensive plan.  These 
factors being: 

(1) Scope – a description of the work to be done; 

(2) Cost – an estimate of the costs of carrying out the scope; 

(3) Schedule – the timing of when the work will be carried out. 

The order in which the decommissioning will take place will be often driven by an agreed prioritisation 
system. The development of a prioritisation scheme is outside the scope of this paper but typically will 
take into account factors such as hazard, costs, availability of expertise, etc. 

In general prioritisation schemes can be a useful tool to help decide the order in which particular projects 
will be tackled but it is generally unadvisable to use such schemes mechanically without giving any 
thought to a sensible overall programme. For example if hazard reduction is a key driver it could lead you 
to carry out the early phases of a decommissioning project in which the hazards are removed and then to 
move your resources on to another project again to tackle high hazards. This could mean that 
decommissioning programmes may be started but the finish dates are delayed as the hazards reduce. 

Other techniques, such as conflicts tables, can be used to help determine the order in which jobs should be 
tackled. The conflicts table will identify interactions between facilities or systems on a particular plant and 
will help the planner to decide upon the most appropriate order in which to tackle the jobs. 

Having planned the work on a macroscopic level, i.e. the order in which major jobs will be carried out, it 
is necessary to do the detailed planning for each particular facility. Each project should be broken down 
into packages of work of no more than, say, four to six weeks duration. For each of those packages of 
work there should be a detailed description of what has to be done - the scope; an estimate of the cost of 
carrying out the work and the resources needed to carry out the work; and the schedule showing when the 
work will be carried out. The development of these plans is time consuming and requires skilled planners 
and estimators. It is essential that significant resources and great care is taken at the planning stage. This 
will avoid significant problems later in the decommissioning programme.  To give some indication of the 
detailed plans required, the lifetime plan for the Winfrith site runs to something over 1100 pages. The 
work will involve using sophisticated software tools to help both with the estimating and the scheduling. 
These tools will help the planners identify the critical path for the programme, the cost profiles and the 
resource profiles required to deliver the programme. 

4. Funding and estimates – it helps to think of the cost of the programme as a 
probability function 

The output from the planning will identify the required total funding for the programme and also the 
funding profile on a year by year basis. In an ideal world the optimum programme will be developed 
which achieves safe decommissioning for the minimum total cost. In practice the optimum 
decommissioning programme may not be affordable by the funding agencies. The programme may have 
to be tailored to fit the funding available. The infrastructure costs associated with keeping a nuclear site 
safe and secure tend to be high and they will establish the minimum funding requirements for the site.  
Additional funds can be used for decommissioning activities. If the additional funds are small compared 
with the infrastructure costs this will lead to a long and expensive decommissioning programme.  
Generally the shorter the decommissioning programme the more economical the overall programme will 
be.

Much has been written about estimating the cost of a decommissioning programme.  Some of this could 
leave the reader with the view that we could accurately predict the costs of a decommissioning programme 
if only we were clever enough. I would argue that such a view would at best be naïve and in many cases 

would be expensive. The cost of any major decommissioning project will consist of the base cost of 
carrying out the work (that is the minimum cost if everything went perfectly) plus a provision for risk 
(q.v.). It would only be possible to accurately predict the final cost of a decommissioning programme if 
you knew which risks would materialised throughout the programme. 

5. Risk identification, mitigation and ownership 
Having developed the scope, schedule and baseline costs for the programme it is necessary to identify the 
risks associated with carrying out that programme. For each project a detailed risk log must be developed 
which identifies the potential risks to the projects, the consequences of those risks, and an estimate of the 
likelihood of those consequences occurring. The consequences should be defined both in terms of cost to 
the project and also in terms of the effect on the programme duration. These risks can then be used to 
develop the required contingency, both in terms of cost and duration, for the overall programme. It is 
common practice to use “Monte Carlo” type software to calculate the cumulative effects of a large number 
of risks identified for a particular project or programme. When seeking approval for the project funding 
allowance must be made for these risks and the appropriate contingency applied. 

For example, the baseline cost of a project maybe €100m, the 50% risk figure (that is the price for which 
you have a 50% change of delivering the project for this figure or less) may be, say, €110m and the 80% 
risk figure is, say, €130m. If the risk assessments have been carried out competently, on average, a series 
of project should be deliverable for the 50% risk estimate, but you need to plan for any individual project 
to require funding up to the 80% risk figure. 

Figure 1 – Example of the effect of contingency on annual funding requirements. 

For each risk identified there must be an owner and a mitigation strategy.  These risk logs should be 
reviewed regularly to make sure that the consequences and the likelihood of the risk are still valid and that 
the mitigation strategy is being performed. Throughout the project new risks may arise that must be 
identified and taken into account in the overall programme. 

It is only when you have achieved a good understanding of the risks associated with the programme that 
consideration can be given to the best commercial strategy to deliver that programme. 

6. Commercial strategy – who is best able to manage the project risks? 
The operator of a site has many choices to make in how to deliver the programme. First of all he must 
decide how much work he wishes to self-perform and how much he wishes to give to implementation 
contractors – the so called “make/buy” decision. Having then identified the package of work which will be 
offered to the supply chain the operator must decide how to package that work, e.g., a small number of 
very large contracts or a larger number of smaller contractors with the operator acting as the programme 
integrator. The next choice for each of those contracts is to decide upon the type of contract to be used.  
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you have a 50% change of delivering the project for this figure or less) may be, say, €110m and the 80% 
risk figure is, say, €130m. If the risk assessments have been carried out competently, on average, a series 
of project should be deliverable for the 50% risk estimate, but you need to plan for any individual project 
to require funding up to the 80% risk figure. 
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The type of contract to be used must be based primarily on the risks associated with carrying out that 
work. Where the work is well understood and can be clearly defined then fixed price contracts are likely to 
be appropriate. Where the work is less well defined and there may be more risks associated with carrying 
out that work then other contract strategies, such as target price or even schedule of rates type contracts 
may be more appropriate. In our experience fixed price contracts tend to give better value and more 
control to the client and it is often worth investing in front-end engineering to be able to clearly define the 
project rather than having to resort to, say, a target price strategy.   

A fixed price contract should give you better predictability of the final cost of the programme, but 
contractors may charge highly for any additional work that was not included in the original specification 
for the work. Therefore, before deciding to use a fixed price approach you must be able to write a clear 
and comprehensive specification for the work to be carried out. 

A contractor will also charge for taking on any risks, particularly if these are difficult to quantify. To give 
an obvious example, you would not ask a contractor for a fixed price to remediate an unknown quantity of 
ground contamination in an area that could not be adequately surveyed.  

7. Project management – the project manager is king 
A major decommissioning programme will consist of a number of decommissioning projects which vary 
in size from small contaminated buildings to large nuclear reactors.  The success of the programme will be 
highly dependent upon the skills and experience of the project managers who are running the individual 
projects.  The project managers should be involved at an early stage in the project.  They should be 
involved in the development of the project schedule, its cost estimation, and the development of the risk 
logs.  Their early involvement in the project will ensure ownership of these documents by the project 
manager.  The organisational structure should be such that the project manager has access to all resources 
necessary to deliver the project.  If these resources are not within his or her direct management control 
then it is recommended that there is a formal agreement between the project and the line management of 
the resources concerned to ensure that the resources (usually staff) are made available at the appropriate 
time and for the appropriate duration.  If this form of matrix management is employed then those staff 
who are seconded into the project must feel that they are an integral part of the project team. 

Figure 2. Dragon Reactor Decommissioning 

Project managers will not only be responsible for delivering the programme to time, budget and quality 
but will also be responsible for reporting accurately on the status of the project at regular intervals. In 
order to have control over a programme of projects all projects must be accurately statused at least once a 
month and some cases once a week may be more appropriate. 

8. Waste routes – identify them and obtain all necessary authorisations and approvals 
early

A major decommissioning project can be regarded as a means of transforming nuclear liabilities in to 
future assets plus packaged waste. As such if the waste routes are not available the decommissioning 
projects will fail.  In the United Kingdom there is currently no waste disposal route for high level waste or 
intermediate level waste. Typically high level waste is currently stored at British Nuclear Group’s 
Sellafield site in Cumbria and intermediate level waste is held in a variety of interim storage facilities.  
The only disposal route for low level waste in the UK is currently the Drigg facility also in Cumbria. The 
cost of using this facility is very high; significantly higher than other facilities in, for example, the USA.  
Before engaging on a major decommissioning project it is important to have characterised all potential 
waste on the site and to have identified the appropriate waste routes. The cost, in the UK, of low level 
waste disposal will drive the operator to use a variety of resource intensive techniques in order to 
decontaminate and volume reduce any potential low level waste.  The availability of waste routes is a key 
to successful decommissioning. Operators must not only focus on the major waste routes but must also 
identify disposal routes for some of the low volume, potentially difficult, waste such as contaminated zinc 
bromide solution or contaminated organic solvents.   

9. Safety – beware of electricity and gravity 
Safety must be built in to the decommissioning programme at the very start. It cannot be considered 
something to be added on at a later stage once the decommissioning methodologies have been developed.  
Over the years a few specific lessons have been learnt.   

Historically, when operating nuclear facilities great consideration is given to nuclear and radiological 
safety. As such the operators become skilled in managing these hazards. During decommissioning 
radiological hazards remain but new hazards become more important. In our experience electricity and 
gravity are much more likely to harm workers than radiological hazards.

Decommissioning a plant will involve removing redundant electrical circuits. Quite often the wiring 
diagrams will be, at best, unreliable and in some cases may no longer exist. A major hazard is therefore 
decommissioning operators cutting through live cables. We would therefore advocate that new electrical 
supplies are provided to the facility that are appropriate to all decommissioning operations. It is then 
possible to isolate all original circuits. The new supplies should be provided on new cable trays and, if 
possible, using different coloured cables. This will prevent any confusion between the new 
decommissioning electrical supplies and the original supplies which will be isolated. 

Decommissioning will involve cutting up and removing items of heavy plant. Many items will not have 
been moved since they were first installed many years ago. It is therefore important that the 
decommissioning teams have the expertise to carry out appropriate lifting risk assessments to ensure that 
the appropriate lifting techniques are, at all times, used.   

10. Stakeholder – you need their support 
All successful projects rely on the support of key internal and external stakeholders. Failure to fully 
identify and communicate with these stakeholders will, almost certainly, result in project failure. Key 
stakeholders will include: regulators, funding agencies, the local community, suppliers, your own staff, 
national and local governments, etc. Each stakeholder will have their own requirements and interests. For 
any decommissioning programme there should be a stakeholder engagement plan produced which:  
identifies all key stakeholders; identifies their particular interests; allocates an appropriate ‘stakeholder 
manager’ from within your own organisation; and sets out the frequency and types of contacts that should 
be made. Databases can be successfully used to record the details of all stakeholders, and can be used to 
record notes of any contacts made with them. The database can also be used to track any commitments 
made to stakeholders. 

Early and open dialogue with all key stakeholders is necessary for a project to succeed. 
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11. Team work – together you will win 
Successful decommissioning will rely upon a team of committed operational staff who are well motivated 
to carry out their work efficiently and safety. Human factors must also be considered. Teams who have 
worked on the operational plant for many years may see the decommissioning of a facility as their final 
work before they put themselves out of a job. It is therefore vitally important that staff understand where 
their future lies, whether that is with other jobs within the company or some generous termination 
package.

To maintain good team work there must be good communication between senior management and the 
operators such that everyone on the project shares a common vision of the work that they are carrying out.  
Key successes should be celebrated and publicised. Ultimately it is the work of the project managers and 
the operations team who will deliver a successful project. 
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1. Introduction 
The UP1 plant was commissioned at Marcoule in 1958 to reprocess spent fuel from gas-cooled, graphite-
moderated natural uranium (NUGG) reactors. 

Figure 1. CEA  Marcoule site 

The decommissioning program was initiated immediately after production activities ceased in 1997. The 
contracting authority was initially a structure comprising the French Atomic Energy Commission (CEA), the 
French electrical utility (EDF) and COGEMA. 

In 2003, the French government decided to create a single contracting authority and a dedicated funding 
program. Since December 1, 2004, the CEA has been the sole contracting authority for the decommissioning 
operations, and is also now the nuclear operator for the Marcoule site. The decontamination and dismantling 
operations are conducted by a consortium of firms from the AREVA Group, with AREVA NC as the prime 
contractor. 

The decommissioning project covers a large portion of the site, including production facilities (the 
reprocessing plant, the decladding units, the vitrification unit and fission product storage tanks) as well as 
supporting installations (the liquid waste treatment facility and the solid waste treatment and interim storage 
facility). 

The decommissioning operations are scheduled to last until 2040, and represent some 4.3 million person-
hours and 27 000 metric tons of waste materials. The project is organized into two major programs: 

� Decontamination and dismantling of the production facilities and subsequently of the support facilities; 

� Retrieval, repackaging and treatment of onsite legacy waste. 

Since the beginning of 1998, 840 000 person-hours of work have been completed, 4 700 metric tons of 
equipment dismantled, and 95% of the radiotoxicity removed. 

The main lessons learned from this experience are discussed below concerning strategy of immediate 
dismantling, operator integrated dose management, waste management, techniques and developments 
specifically for dismantling purposes. 

2.  Why immediate dismantling in the case of UP1 reprocessing plants. 
The choice of the strategy for decommissioning made by the owner of a nuclear facility is of great importance 
and influenced by several factors. Decommissioning options may range from deferred dismantling, which 
consists of putting the plant in a safe enclosure state for a defined period of time to immediate dismantling 
with the removal of all radioactive materials from the site.  

The strategy commonly chosen for spent fuel reprocessing plant decommissioning is immediate dismantling 
due to a certain number of key issues: 

� For spent fuel reprocessing facilities, which handle medium and long-lived radioactive elements such 
as Caesium and Plutonium, the decommissioning benefits derived from radioactive decay are 
significantly smaller when compared to the cost of long-term care and maintenance. Even more, 
Plutonium will lead overtime to Americium 241, which is a significant contributor to staff doses; 

� Existing operating staff has a wealth of hands-on experience. There is a considerable advantage in 
using staff from the former operating team who, in the case of immediate dismantling, can provide 

operational and maintenance support and bring their knowledge of the installation within the 
decommissioning project structure. They have the history of the plant which is of key importance for 
establishing the dismantling scenario; 

� Carrying out immediate post-operational clean out and then dismantling will minimize significant care, 
surveillance and maintenance costs. These costs represent generally at least a third of the total 
decommissioning cost; 

� If decommissioning started some years after plant shutdown, another problem could arise due to the 
aging of the facility and lead the operator to invest in costly modifications before going through 
decommissioning. 

3. Operator integrated dose management 
The current radiological protection objectives at Marcoule are to limit the maximum occupational dose over 
any consecutive 12-month period to 15 mSv/year for external exposure and zero for internal exposure, and to 
apply the ALARA principle systematically. This implies performing a reliable radiological inventory and 
specifying the expected final state; establishing a list of actions  to including detailed operating procedures 
and the number of persons involved; and predicting the collective radiological exposure. 

For operations involving significant exposure (> 10 person·mSv), various possible solutions are compared 
including factors such as dosimetry, nuclear and conventional safety, waste production, technical feasibility, 
cost, deadlines and the impact on subsequent operations (for the latter, it is important not to shift significant 
the doses to later stages of the project). 

The UP1 program is broken down into tasks; 33 of these had been completed by the end of 2005, and the 
results show that actual occupational doses represent 73% of the predicted ones and that individual dose 
objectives were met. 

Figure 2. Breakdown of UP1 program 

A more detailed analysis of the results shows that: 

� The most significant deviations between the predicted and actual results concerned the tasks incurring 
the lowest occupational doses; 

� A major difference (+40%) was observed for the cleanup of the medium-activity sector of the UP1 
plant due to the discrepancy between the expected quantity of material and the actual quantity that had 
to be removed. 

The task dosimetry variation between 1998 and 2005 can be plotted either as an integrated dose per person-
hour, or as the dose necessary to remove one kilogram of waste. For these two parameters, after an initial peak 
the values stabilized and have diminished regularly since. 

4. Solid and liquid waste management strategy 
Consolidating the contracting authority for all the cleanup and dismantling tasks into CEA civilian facilities 
and UP1 has allowed the CEA to establish an overall strategy, making it possible to optimize the resources 
necessary to manage and process all the liquid and solid waste—including sharing these resources among 
different CEA sites — and to optimize the risks involved in these tasks, particularly the interfaces and 
material flows. 

The basic task objectives in all cases are to ship as much of the waste as possible via the available disposal 
routes, to avoid classifying any waste into higher categories, and to optimize package loading. 
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This strategy may best be described through an example: the options adopted for decontamination and 
dismantling of the fission product storage tanks (SPF) and the Marcoule Vitrification Facility (AVM). 

The SPF comprises 19 tanks with a total storage volume of about 1000 m3. Each tank contains a network of 
pipes. The total weight of the tanks and internals is 200 metric tons. The fission products contained in the 
tanks were vitrified at AVM, and rinsing operations of the same type as the ones performed during plant 
operation were carried out. The residues produced by the rinsing operations were also vitrified at AVM. After 
rinsing, the residual activity of the tanks remained high: dismantling would produce highly irradiating type B 
waste, requiring remote dismantling and onsite interim storage of the waste pending the availability of a final 
disposal route. 

The CEA can also count on prior cleanup experience at the Marcoule Pilot Plant (APM), a facility used to 
develop the reprocessing and vitrification processes, which is now being decommissioned. Ad-hoc Rinsing 
operations were carried out between 2001 and 2004, the rinsing effluents were then vitrified at AVM. 

Based on the very satisfactory results of these rinsing operations, hands-on dismantling of practically all the 
equipment should be possible without teleoperation or with a simplified one, and the waste should be 
compatible with existing disposal routes. Without ad-hoc rinsing operations, dismantling would have been 
performed remotely and the waste would have been placed in interim storage pending the availability of a 
suitable disposal route. 

For the SPF tanks the options were either direct remote dismantling with onsite interim storage of the waste, 
or prior specific rinsing operations followed by simplified remote dismantling with most of the waste shipped 
to existing disposal facilities. 

The purpose of rinsing is to produce only 5 wt% of the tank waste as type B, the remainder being type A 
waste with a dose rate compatible with existing disposal routes. The rinsing reactants and procedures were not 
covered by the plant methodological framework, and therefore required a prior safety evaluation. 

In terms of schedule, both options have the same predicted duration: the additional rinsing period is offset by 
the shorter dismantling time. In terms of estimated cost, rinsing while maintaining AVM in service will be less 
expensive than the dismantling and waste disposal without rinsing. In terms of project risk (safety, dosimetry, 
cost, schedule) the uncertainties are much greater for the direct dismantling option. 

Based on all these factors, the decision was made to proceed with ad-hoc decontamination rinsing operations 
before dismantling. The safety report is now being established. Rinsing operations should continue until 2009, 
and completion of dismantling is scheduled for 2025. 

5. Lessons learned from teleoperated dismantling operations 
Lessons learned from experience during dismantling projects in the UP1 plant cover a large scope of technical 
issues; it would be impossible to present here an exhaustive review of them, hence the decision to consider 
one aspect: the strategy adopted for the development of remotely operated dismantling devices. 

Two basic design options are possible for large-scale operations during which teleoperated devices will be 
used over extended time periods: develop dedicated devices, or modify commercial equipment to meet the 
specific operating and maintenance requirements. 

Both options have been implemented in dismantling projects at the UP1 plant, as illustrated here by two 
examples: removal of electromechanical items from the uranium store in the MAR200 continuous dissolution 
facility, and dismantling of the former filter room in the same facility. 

5.1. MAR200 uranium store 
Dismantling the structures of the MAR200 uranium store consisted in removing and handling about 12 metric 
tons of equipment, cleaning the walls and equipment items with gels and high-pressure (200 bar) water jets, 
and scrabbling hot spots on the concrete by ultra high pressure (1500 bar) water jetting. The work was 
performed using a new overhead bridge crane mounted on the existing rails; a Cybernetix SAMM 7 arm was 
installed on the telescoping mast for use with various remotely interchangeable onboard tools: four standard 
tools (cutting disc, tong, high-pressure water/gel jet nozzle, IF104 probe) and one of the available optional 
tools (shears, plasma torch, UHP cutting and UHP jetting nozzle). 

The design options were oriented by the goal of using the same components for three projects: after 
dismantling the MAR200 uranium store, the carrier was to be used for the similar uranium store in the 
decladding facility and for the batch dissolution unit (room 55 of the high-level process building 100). 

This project lasted a total of 54 months, broken down as follows: 

� Preliminary studies, fabrication, setup, testing, operator training : 35 months, including 5 months wait 
for regulatory clearance, 

� Development work under operational conditions : 7 months, 

� Cutting and waste removal : 9 months, 

� Jetting, scrabbling, and waste removal : 3 months. 

Figure 3. Initial state ambient               Figure 4. Final state ambient 

The device operating availability factor over the duration of the project is shown in the following diagram 

Figure 5. MAR 200 uranium store – operating availability factor 

Equipment debugging and actual operator training were performed under active conditions; the device 
operating availability factor thus increased from 20% during the startup phase to 53% in operation. The 
development and operational phases represented about 20 000 persons-hours. 

5.2 Former MAR200 filter room 
The equipment to be dismantled in the filter room included 28 filter casings and the ventilation plenums, with 
a steel mass of about 38 metric tons. The task was complicated by the radiological conditions (dose rates of 
20 to 300 mGy·h-1) and by the cramped working conditions. 
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Before

The solution adopted for this remote dismantling project was to modify off-the-shelf equipment items: 

� A standard Brokk carrier supporting an arm capable of accommodating a variety of tools; this device 
(EDA) was used mainly for work at moderate height; 

� Modifying a Toucan carrier which was initially equipped with a Remote RT7 hydraulic arm; this arm 
proved to be inadequate, and was replaced by a Brokk arm; this device (EDD) was mainly used for 
elevated work; it is also capable of transferring cut sheet metal sections in degraded mode. 

The commercial devices were modified to increase their operating efficiency and simplify maintenance 
requirements. Examples include: providing additional degrees of freedom on the tool holder; protecting the 
hydraulic hoses; adding onboard cameras and floodlights; relocating the onboard controls and instrumentation 
to the back of the device to improve accessibility, diminish the occupational dose during maintenance 
operations, and avoid close-range operator exposure to the mobile arm; replacing the fuses by circuit-
breakers, etc. 

The project was carried out in three phases: 

� Preparation and setup: 37 months. This phase involved field setup work, removal of the filter elements 
from the filter casings, and preparing the operations (setup and testing of the devices); 

� Trial operation: 23 months. Four casings were removed after replacement of the Remote RT7 arm by a 
Brokk 40 arm; 

� Industrial phase: less than 33 months (scheduled for completion in December 2006); dismantling of the 
remaining 24 filter casings and the ventilation plenums. 

As of mid-March 2006, about 35 metric tons of equipment (out of a total of 38 metric tons initially present in 
the filter room) had been removed (project about 92% complete). 

The total manpower necessary to date has been 61 000 person-hours, including 17 700 for setup and trials. 

Throughout these operations, improving the devices and their maintenance procedures has received constant 
attention to minimize the committed dose to the operators. 

                                  Figure 6 
5.3 Concluding remarks 
Both technical orientations selected for remote-dismantling devices and based to some extent on off-the-shelf 
equipment proved successful in the actual projects. In each case, the use of teleoperated devices required 
major preliminary setup work for operation and maintenance of the equipment  and their utilities. 

The devices — as well as the equipment maintenance zones — must be designed to facilitate maintenance or 
replacement of tools and consumables (e.g. disks): 

� Equipment protection to avoid contamination or allow easy decontamination, instrumentation of the 
devices for easy troubleshooting, use of technology to minimize the time requirements, etc; 

� Ease of access to equipment items, radiological protection against irradiating zones, etc; 

� Further improvement is possible in both concepts, and improvements were incorporated during the task 
execution or when switching from one project to the next. 

After

The development period necessary prior to industrial-scale operation is always very long: it may be of the 
same order of magnitude as the industrial phase itself, and must not be underestimated in project scheduling. 

The equipment cost is of course a factor in the technical choice; dedicated equipment is competitive only if it 
can actually be amortized over several operations. The low cost — in relative terms — of off-the-shelf 
equipment offsets some potential inadequacies in use and simplifies staged development of devices under 
inactive and active conditions; off-the-shelf items are easier to replace in case of wear or premature failure, 
and can be discarded more readily as waste (rather than decontaminated). 

It should be noted that in both cases the work piece was never held during cutting; cutup parts were recovered 
on the floor or underwater in the uranium store by the SAMM 7 arm, and on the floor of the filter room by the 
EDA or EDD device. 

6. Specific development work for decontamination and dismantling operations 
New issues often come to light while preparing future tasks and assessing the current status of the premises. 
Identifying risks and future problem areas in these projects implies particular attention in the following areas: 

� Development of new tools and their operating procedures; 

� Determination of any related operating constraints; 

� Allowance for these requirements in preparing the safety reports, etc. 

The future operators must become skilled in the tools and procedure before working under active conditions, 
especially when the task is carried out by remote operation. 

Consider, for example, the approach adopted to deal with one of the problem areas identified: remote cutting 
of heavy-gauge vessel walls to dismantle the dissolvers. The existing cutting tools are unsuitable because the 
dissolvers are installed in cramped spaces with very limited access and must be cut by teleoperation. Previous 
experience has shown that with contact cutting tools (disc cutters, saws, etc.) a large fraction of the project 
time is used for replacement of consumables, and that contact work is responsible for most of the arm failures. 

The new approach under consideration is laser cutting. Feasibility tests were carried out by specialized 
laboratories concerning laser capability for cutting heavy-gauge double wall vessels and the consequences of 
its utilization — in particular the dissemination of cutting swarf and aerosols inside the cell and into 
ventilation lines and filters. 

The test results have shown that laser cutting provides satisfactory performance, and that it can be 
implemented while meeting the operating requirements — notably concerning the ventilation system. The 
aerosols and particles generated by the laser cutting tool are no more difficult to trap than the products of 
other commonly used cutting methods (disk grinder, frame saw, plasma torch, etc). 

A 6 kW disk laser and cutting heads have been ordered from Trumpf. Tests under inactive conditions will 
allow future operators to become skilled in its use; they will be followed by a period in which critical phases 
will be simulated to ensure that all the operational and workspace environment constraints have been taken 
into account. Cutting under active conditions is scheduled for the end of 2007. The first tests were conducted 
in 2004, four years prior to the beginning of the project. 

7. Conclusion 
The many operations carried out highlight the improvements made through the lessons learning. 

In the frame of the new organization, efforts will continue to get further experience and to make other 
improvements for example: 

� Anticipating the necessary studies for early dismantling and decommissioning of shut-down facilities; 

� Developing a multiannual vision of the risks, and in particular on the simultaneity of the operations, 
with the possibility of shifting some of them (impact on the concerns in term of safety, evacuation of 
waste, etc); 

� Anticipating the developments of new tools or methods. 
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Abstract. The United States Department of Energy (DOE), Office of Environmental Management (EM) 
has successfully decommissioned several legacy facilities that were used in the development and manufacture of 
nuclear weapons. The DOE experience includes laboratories, raw material manufacturing, foundry, separation, 
reactor, reprocessing canyon, waste storage and repackaging facilities. Some of these facilities date back to the 
original Mahattan Project in the 1940s. Inventories include a range of isotopes and hazardous chemicals. The 
physical condition of the facilities and their safety systems also range in age and integrity.  As each facility 
transitions through the decommissioning lifecycle the hazard profile and the available controls change with the 
facility. One of the most effective means the DOE has found to reliably manage the changing hazards is a strong 
system of safety management programs (SMPs) that address hazards in an integrated fashion. Statistics 
demonstrate that the most significant hazards to the worker during decommissioning activities result from 
industrial accidents. It is imperative that a foundation of strong safety management systems must identify 
hazards and coordinate between program areas to establish the most appropriate protective measure for the 
worker. This paper walks through examples to illustrate lessons learned through its decommissioning experience, 
including coordinating between programs such as electrical safety and radiological protection when both hazards 
are substantial in a given work evolution. The DOE has institutionalized its Integrated Safety Management 
System (ISMS) and routinely evlauates its contractors to ensure effective implementation.  ISMS establishes the 
foundation for safe, efficient decommissioning of nuclear facilities. 

1. Background 
DOE is responsible for ensuring that work performed at its sites is conducted efficiently and in a manner that 
ensures protection of workers, the public, and the environment. To formalize this responsibility, DOE 
issued DOE P 450.4, SAFETY MANAGEMENT SYSTEM POLICY, on October 15, 1996. This 
Policy specifies a formal, organized process for ensuring the integration of safety, health, and 
environmental considerations into all types of work, for all types of potential hazards, regardless of the 
phase of the facility’s life cycle. 

In general, implementation of the SAFETY MANAGEMENT POLICY requires integration of safety 
into all aspects of work planning and execution.  Integration means that all management systems and 
programs are designed to fit together to permit safe and efficient performance of work (hence, an 
Integrated Safety Managment System). Safety should be incorporated as a value into all business and 
operations systems. Integration is especially important for programs and activities with conflicting or 
competing goals or requirements (e.g., fire protection and criticality safety, or personnel safety and 
safeguards and security). Safety disciplines must work together to meet the needs of the worker. 

One of the most important tenants of ISMS is worker involvement.  When worker safety is managed 
as an integral part of the work, managers, support organizations and workers gain ownership in the 
process. Workers are empowered to protect themselves, and are encouraged to provide feedback and 
ideas to perform work more safely and efficiently in future operations. To be successful, however, a 
viable worker safety system requires both commitment from managers and meaningful involvement of 
workers. Management must provide adequate resources to ensure an activity is properly staffed, work 

Athens - Book of Contributed Papers A4.indd   406 2006-11-06   14:05:56



407

IAEA-CN-143/81

Application of integrated safety management in decommissioning activities: ensuring 
the safety of workers throughout the changing environment of decommissioning 

D.Y. Chunga, R.A. Tafta, P.M. McEahernb

aUnited States Department of Energy, 
 Office of Environmental Management, 
 Washington, 
 United States of America 

bCH2-Washington Group 
  Idaho, 
 United States of America 

Abstract. The United States Department of Energy (DOE), Office of Environmental Management (EM) 
has successfully decommissioned several legacy facilities that were used in the development and manufacture of 
nuclear weapons. The DOE experience includes laboratories, raw material manufacturing, foundry, separation, 
reactor, reprocessing canyon, waste storage and repackaging facilities. Some of these facilities date back to the 
original Mahattan Project in the 1940s. Inventories include a range of isotopes and hazardous chemicals. The 
physical condition of the facilities and their safety systems also range in age and integrity.  As each facility 
transitions through the decommissioning lifecycle the hazard profile and the available controls change with the 
facility. One of the most effective means the DOE has found to reliably manage the changing hazards is a strong 
system of safety management programs (SMPs) that address hazards in an integrated fashion. Statistics 
demonstrate that the most significant hazards to the worker during decommissioning activities result from 
industrial accidents. It is imperative that a foundation of strong safety management systems must identify 
hazards and coordinate between program areas to establish the most appropriate protective measure for the 
worker. This paper walks through examples to illustrate lessons learned through its decommissioning experience, 
including coordinating between programs such as electrical safety and radiological protection when both hazards 
are substantial in a given work evolution. The DOE has institutionalized its Integrated Safety Management 
System (ISMS) and routinely evlauates its contractors to ensure effective implementation.  ISMS establishes the 
foundation for safe, efficient decommissioning of nuclear facilities. 

1. Background 
DOE is responsible for ensuring that work performed at its sites is conducted efficiently and in a manner that 
ensures protection of workers, the public, and the environment. To formalize this responsibility, DOE 
issued DOE P 450.4, SAFETY MANAGEMENT SYSTEM POLICY, on October 15, 1996. This 
Policy specifies a formal, organized process for ensuring the integration of safety, health, and 
environmental considerations into all types of work, for all types of potential hazards, regardless of the 
phase of the facility’s life cycle. 

In general, implementation of the SAFETY MANAGEMENT POLICY requires integration of safety 
into all aspects of work planning and execution.  Integration means that all management systems and 
programs are designed to fit together to permit safe and efficient performance of work (hence, an 
Integrated Safety Managment System). Safety should be incorporated as a value into all business and 
operations systems. Integration is especially important for programs and activities with conflicting or 
competing goals or requirements (e.g., fire protection and criticality safety, or personnel safety and 
safeguards and security). Safety disciplines must work together to meet the needs of the worker. 

One of the most important tenants of ISMS is worker involvement.  When worker safety is managed 
as an integral part of the work, managers, support organizations and workers gain ownership in the 
process. Workers are empowered to protect themselves, and are encouraged to provide feedback and 
ideas to perform work more safely and efficiently in future operations. To be successful, however, a 
viable worker safety system requires both commitment from managers and meaningful involvement of 
workers. Management must provide adequate resources to ensure an activity is properly staffed, work 
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activities are properly planned, personnel are trained to perform work safely, and time and tools are 
available to conduct work safely within the given environment. Note that this feedback is typically 
provided at the work performance level. Healthy organizations interested in continuous improvement 
will capture this information for evaluation and incorporation into programmatic and policy 
documents. 

Meaningful worker involvement requires each and every employee in an organization to be held 
accountable for his or her safety performance. This includes providing input into the planning process, 
demonstrating a strong, questioning attitude regarding work and the hazards associated with the work; 
complying with precautions, limitations, requirements, and constraints of work control documents.  
This may be particularly challenging in a unionized work force.  Management and Union leadership 
must work together to ensure that the workforce has an open environment in which feedback and 
accountability are valued characteristics which fosters open communication.  Together, management 
and the worker must implement a process that ensures all identified hazards such as radiological, 
chemical, etc., are managed through a process of prevention or mitigation using design, engineered 
systems or administrative control; identifying Occupational Safety and Health Standards; and 
implementing radiological protection policy and practices based on the precept that radiological 
exposures for workers should be kept as low as reasonably achievable (ALARA).  While specifically 
developed for radiological protection, the ALARA principal can be effectively applied to all hazards.  
The design of safety system and programs should work cooperatively to minimize exposure and 
prevent events whenever practical. 

2. Regulation 
The US DOE has further codified their commitment to protecting the worker in a series of  Rules that 
carry the force of law.  Three key safety rules work together to ensure the tenents of the ISMS are 
implemented at DOE sites.  The Code of Federal Regulation (CFR) houses 10 CFR 835 Radiological 
Protection, 10 CFR 830 Nuclear Safety Management, 10 CFR 851 Worker Safety.  These rules work 
tgether to codify the Department’s commitment to protecting all receptors, the worker, the public and 
the environment. These rules work in conjunction with DOE policy and guidance to create a general, 
simple and powerful system of integrating safety into all phases of work. The core functions of ISM: 

Define the Scope of Work; 

Analyze the Hazards; 

Develop Hazard Controls; 

Perform Work with These Controls; 

Provide Feedback and Improvement on the Process. 

This creates a system that is absolute in its simplicity to assure that work is conducted safely. The 
approach is generic. ISMS can be applied effectively to any hazardous operation, whether it is at the 
site, facility, or activity level. According to DOE policy, ISMS should be applied to both nuclear and 
non-nuclear hazards. The implementation of 10 CFR 851 may further institutionalize the application 
of these principals to non-nuclear hazards. 

3. Discussion 
The US DOE established the Integrated Safety Management System.  This comprehensive set of 
traditional safety, environmental and safegards and security requirements, when effectively 
implemented, ensure that the applicable, contractual requirements (DOE Orders, Standards and 
Manuals specified by contract), laws and best practices that apply to the management of hazardous and 
radiological material are availableto provide protection for the worker, public and the environment.  
Requirements are evaluated and those applicable to the project are captured in contractor documents, 
such as program manuals or similar requirements documents. These Programs then flow specific 
requirements to project level documents, such as design specifications,  radiological work permits and 
job hazard analysis through implementing procedures. Projects are assured that they meet applicable 
requirements by following these implementing procedures. 

This construct illustrates the three levels of ISM (institutional, facility, and activity). High-hazard 
nuclear facilities generally adhere to this conceptual model. The key is to start with the hazards and 
work at the activity level and envelope those activities with the controls that spring from the 
procedures that were designed to comply with safe contractor management practices and DOE 
requirements. The Defense Nuclear Facility Safety Board’s Technical Report 36 states, “The 
important point is that institutional requirements and facility safety systems surround the hazards at the 
activity level and thereby protect workers and the public. The nested levels of protection in this model 
represent a common-sense approach to doing work safely. ISM basically defines a safety culture that 
is practical in form and function.” 

4. Performance improvement 
The statistics demonstrate a general downward trend in events since the adoption of ISMS. Figure 1 
illustrates that he number of events that have required investigation due to their severity is generally 
downward since the implementation of ISMS. (The numbers shown for 2006 represent the first quarter 
data only). It is important to note that there is some upward creep noted from 2003.  There are several 
important factors that may offer some explanation, such as an increase in the number of hours worked 
during recent year as well as the shift from operations to decommissioning activities. In his book 
Human Error, James Reason (1990) introduces the concept of latent and active safety errors. Latent 
errors are typically made by managers, designers, safety analysts, and other decision makers and can 
lie dormant in a system or operation before they reappear as an accident. Active errors are those made 
by operators, technicians, and scientists who handle hazardous materials or perform hazardous 
operations, and their impacts are immediate. Operators are often left to deal with the latent errors made 
by decision makers far removed from the time of an accident. Reason argues that latent errors pose the 
greater threat to safety, and the more removed decision makers are from front-line activities, the 
greater is the danger of introducing latent errors. The increase may be these latent errors now 
appearing in systems developed without appropriate worker involvement. Complacency and 
familiarity also resent great challenges when work seems to become routine. As decommissioning 
work progresses the workforce can lose focus on activities that may seem routine or mundane (e.g., 
removal of multiple glove boxes or piping system similar in design or circumstances). Workers are 
sometimes lulled into a false sense of confidence as nuclear hazards and contaminated items are 
removed, providing a sense of improved safety, before the hazard is fully removed. Walkdown and 
process hazards evaluation are powerful tools to combat complacency. 

Figure 2 also documents the lost workday cases (LWC) tracked within DOE.  Numbers are normalized 
against hours worked. The trend again is generally downward. 
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Figure 1. Accident investigations conducted by DOE by severity.  Type A events being the most severe 
(Hospitalization of 3 people for 48 hours or more, single radiation exposure of >25 rem, 
environmental release 5 times regulatory limits, property loss >$ 2.5M). 
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important point is that institutional requirements and facility safety systems surround the hazards at the 
activity level and thereby protect workers and the public. The nested levels of protection in this model 
represent a common-sense approach to doing work safely. ISM basically defines a safety culture that 
is practical in form and function.” 
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downward since the implementation of ISMS. (The numbers shown for 2006 represent the first quarter 
data only). It is important to note that there is some upward creep noted from 2003.  There are several 
important factors that may offer some explanation, such as an increase in the number of hours worked 
during recent year as well as the shift from operations to decommissioning activities. In his book 
Human Error, James Reason (1990) introduces the concept of latent and active safety errors. Latent 
errors are typically made by managers, designers, safety analysts, and other decision makers and can 
lie dormant in a system or operation before they reappear as an accident. Active errors are those made 
by operators, technicians, and scientists who handle hazardous materials or perform hazardous 
operations, and their impacts are immediate. Operators are often left to deal with the latent errors made 
by decision makers far removed from the time of an accident. Reason argues that latent errors pose the 
greater threat to safety, and the more removed decision makers are from front-line activities, the 
greater is the danger of introducing latent errors. The increase may be these latent errors now 
appearing in systems developed without appropriate worker involvement. Complacency and 
familiarity also resent great challenges when work seems to become routine. As decommissioning 
work progresses the workforce can lose focus on activities that may seem routine or mundane (e.g., 
removal of multiple glove boxes or piping system similar in design or circumstances). Workers are 
sometimes lulled into a false sense of confidence as nuclear hazards and contaminated items are 
removed, providing a sense of improved safety, before the hazard is fully removed. Walkdown and 
process hazards evaluation are powerful tools to combat complacency. 

Figure 2 also documents the lost workday cases (LWC) tracked within DOE.  Numbers are normalized 
against hours worked. The trend again is generally downward. 
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Figure 2. Lost Workday Cases within DOE from 1996 through 2005 

Lessons learned from the statistics above indicate that the most significant hazards and most near miss 
events were industrial safety events, rather than radiological incidents. Data collected at a recently 
closed facility clearly ties increased events to accomplishment of major milestones, particularly those 
that signified a major reduction in hazardous material or perceived high-risk, such as removal of 
special nuclear material. This reinforces the conclusion that the SMPs must be implemented 
effectively regardless of the presence of nuclear materials. 

The mission of one DOE closure site, the Rocky Flats Environmental Technology Site was to convert 
former nuclear weapons production facility to wildlife refuge. The scope included: 

- 800+ buildings and facilities; 

- 385 acre industrial area with 5800 acre buffer zone; 

- 21 metric tons of weapons grade nuclear materials; 

- 100 metric tons of plutonium residues; 

- 275,000 cubic meters of radioactive wastes; 

- 360 individual hazardous substance sites.  

The cost of the project was $3.97B which covered the period from 1997 through 2006. The project’s 
safety record resulted in Total Recordable = 1.35 (low=0.83), Days Away -0.37 (low=0.09) (see 
Fiogure 3). 

Figure 3. Total recordable case rate and lost workday case rate 
12 month rolling average 

Figure 4. Recordable injuries 

Correlation of safety statistics and performance data indicate that productivity is improved when a 
facility has a strong safety culture. The number and severity of events are reduced. This results in 
reduced down time and shorter recovery periods in the case of an event.  There is very strong evidence 
that involving workers directly in the safety program reduces both the incidence and severity of 
events. The Voluntary Protection Program (VPP) is a behavior based program that actively engages 
workers and requires them to be aware of their work environment as well as ensuring that fellow 
workers are performing work in a safe manner. The worker is confident that he is empowered to stop 
work if conditions do not support safe performance of work activities. Excellent safety performance is 
required to enable accelerated cleanup. 
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The cost of the project was $3.97B which covered the period from 1997 through 2006. The project’s 
safety record resulted in Total Recordable = 1.35 (low=0.83), Days Away -0.37 (low=0.09) (see 
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reduced down time and shorter recovery periods in the case of an event.  There is very strong evidence 
that involving workers directly in the safety program reduces both the incidence and severity of 
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Figure 5. Baseline cost and schedule variance 

Configuration management and work planning control present some of the most significant hazards 
during decommissioning activities. D&D typically presents a dynamic environment. Historical 
information about facility configuration is often inadequate and design reconstitution is not practical at 
the final stages of a facility’s lifecycle. The awareness of situational hazards and changing conditions 
is imperative to support safe completion of work activities. Federal oversight of implementation of 
controls ensures that contractor performance is compliant with regulation and more importantly, DOE 
operations. It is an old axiom, “that which is measured is completed.” 

The ISMS guiding principals: line management responsibility; clear roles and responsibility; 
competence commensurate with responsibility; balanced priorities; identification of safety standards; 
tailor hazard controls to work; operations authorization. The key is to manage all aspects of safety 
from the conceptual design through performance and feedback. The concept is simple – work is well 
defined, hazards are identified and controlled, the work is performed by competent personnel using the 
appropriate equipment and the experience and lessons learned from performing the work is rolled back 
into the planning process in order to incorporate improvements into the next performance. The first 
line supervisor is the most critical factor to building trust with the workforce. This is done most 
effectively through the use of common language, engaging the workforce and commitment and 
follow-through. 

5. Lessons learned from historical events 
A mature organization is one that is willing to perform critical self assessment and learn from 
mistakes. Insight gained from safety events allow the DOE to develop systemic solutions and prevent 
similar events from occurring in the future. Evaluation of a few of the key events in the DOE Complex 
over the last ten years were grouped and summarized to illustrate the process and its benefits. It is 
telling to evaluate the most common occurrences and near misses in the DOE complex. The 
predominance of events track closely with the Occupational Health and Safety Administration 
(OSHA) construction hazards – falls, electrical shock, fire and being caught in or stuck by equipment 
and materials. 

The nature of the hazardous environment evolves as decommissioning activities progress. Closure 
sites are challenged by the “finish line frenzy”. The pressure and experiment of pending completion 
makes it more difficult to maintain a disciplined work force. Those left at the end of a project can be 
distracted by the job search (what comes next), as well as managing the work load with a shrinking 
work force and changing crews. It is important to employ new control strategies and ensure workers 
are trained appropriately before the start of every activity. 

6. Application to the safety case 
High hazard facilities within DOE are categorized as hazard category 1, 2 and 3. Each hazard category 
1, 2  and 3 nuclear facility is required to develop a Documented Safety Analysis (DSA) or safety case.  
The DSA further defines the characteristics of the safety management programs (SMPs) necessary to 
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ensure the safe operation of the nuclear facilities that are subject to 10 CFR 830, Subpart B, including 
(where applicable) quality assurance, personnel training, conduct of operations, conduct of 
engineering (including configuration management), emergency preparedness, fire protection, waste 
management, radition protection, nuclear safety, hazardous maerial protection, industrial and health 
safety, and environmental management. The DSA makes a commitment to implement SMPs in all 
hazard category 1, 2 and 3 facilities. The commitment to the SMPs in the DSA links the SMP 
descriptions as they apply to nuclear safety to the larger program that supports and implements them. 

Key elements of the SMPs are defined within the DSA. These key elements form the basis of the 
assumptions used in hazard and safety analysis. Similar to the concept of the physical, passive 
characteristics that form the basis of the unmitigated analysis, the SMPs represent the fundamental 
performance expectations necessary to support nuclear operations. Just as the waste drum is 
fundamental to the analysis of the waste stored within it, the training, protective equipment, 
procedures, and conduct of operations are also fundamental to the safety basis. The SMPs work in 
conjunction with engineered systems and design features to provide a protective cocoon for the 
conduct of work.  Maintenance and surveillance of the SMPs are just as important as the maintenance 
of equipment and design features. The implementation validation process verifies that each element is 
implemented and will perform as designed. 

Application of ISMS at high hazard facilities assures safe operation. Nuclear facility operations are 
compliant with 10 CFR Part 830 and supporting DOE directives. At the activity level, clear 
operational boundaries are maintained and supported by a change control program. Workers 
understand the boundaries of their authorized work and what action is to be taken when an authorized 
boundary is approached. Finally, worker involvement at the activity level in identifying hazards, 
developing controls and validating procedures or work packages ensures that the work can be 
performed safely. The most effective applications of ISMS are marked by cooperation between the 
DOE site office and contractor management. This cooperation is manifested in effective oversight, 
self-assessments, corrective action and lessons learned programs. 
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ensure the safe operation of the nuclear facilities that are subject to 10 CFR 830, Subpart B, including 
(where applicable) quality assurance, personnel training, conduct of operations, conduct of 
engineering (including configuration management), emergency preparedness, fire protection, waste 
management, radition protection, nuclear safety, hazardous maerial protection, industrial and health 
safety, and environmental management. The DSA makes a commitment to implement SMPs in all 
hazard category 1, 2 and 3 facilities. The commitment to the SMPs in the DSA links the SMP 
descriptions as they apply to nuclear safety to the larger program that supports and implements them. 

Key elements of the SMPs are defined within the DSA. These key elements form the basis of the 
assumptions used in hazard and safety analysis. Similar to the concept of the physical, passive 
characteristics that form the basis of the unmitigated analysis, the SMPs represent the fundamental 
performance expectations necessary to support nuclear operations. Just as the waste drum is 
fundamental to the analysis of the waste stored within it, the training, protective equipment, 
procedures, and conduct of operations are also fundamental to the safety basis. The SMPs work in 
conjunction with engineered systems and design features to provide a protective cocoon for the 
conduct of work.  Maintenance and surveillance of the SMPs are just as important as the maintenance 
of equipment and design features. The implementation validation process verifies that each element is 
implemented and will perform as designed. 

Application of ISMS at high hazard facilities assures safe operation. Nuclear facility operations are 
compliant with 10 CFR Part 830 and supporting DOE directives. At the activity level, clear 
operational boundaries are maintained and supported by a change control program. Workers 
understand the boundaries of their authorized work and what action is to be taken when an authorized 
boundary is approached. Finally, worker involvement at the activity level in identifying hazards, 
developing controls and validating procedures or work packages ensures that the work can be 
performed safely. The most effective applications of ISMS are marked by cooperation between the 
DOE site office and contractor management. This cooperation is manifested in effective oversight, 
self-assessments, corrective action and lessons learned programs. 
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6. Conclusion 

The DOE has institutionalized its ISMS and routinely evlauates its contractors to ensure effective 
implementation. ISMS establishes the foundation for safe, efficient decommissioning of nuclear 
facilities. Diligence in implementation of the ISMS is important as the facility progresses through 
decommissioning activities. The most common accidents in the DOE complex are industrial safety 
events that remain long after nuclear material is removed. Development of a strong ISMS supports a  
safe and cost effective closure. 
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Abstract. The Necsa site in South Africa is a multiple facility site with operational facilities and closed 

facilities that have been decommissioned or are in a decommissioning phase. The operational facilities include a 
research reactor, isotope production facilities, nuclear fuel development facilities, waste management facilities as 
well as a range of chemical production facilities. The decommissioned facilities and facilities that are in a 
decommissioning phase consist mainly of nuclear fuel cycle facilities. Historical, recent and future events caused 
or could potentially cause radiological and/or chemical contamination outside facilities.  An approach has been 
applied previously whereby cleanup of such contamination has been implemented but without a consistent 
approach or criteria, which resulted in a limited ability to verify and demonstrate successful cleaning. Recent 
developments and regulatory control initiatives resulted in review of the approach and the development of a 
management system to ensure environmentally good practices and management of contamination outside 
radiological and chemical controlled areas. The management system was developed based on pre-defined 
objectives, principles for site remediation and IAEA guidelines [1], [2] and [3]. The remediation management 
process as implemented on the NECSA site is illustrated in Annex 1. The principles and main building blocks of 
remediation management on the NECSA site are covered in the paper. 

1. Background 
The NECSA site has been in operation since the early 1960s. The first facility on site was a research 
reactor that is still in operation today. Subsequent developments were uranium conversion, enrichment 
and fuel production facilities that include research and development (R&D), pilot and semi-
commercial facilities. Since 1980 some related (fluorine based) chemical facilities were also 
developed on site as commercial initiatives. 

Since 1990 the uranium fuel cycle facilities were shut down and are today in various stages of 
decommissioning and are either authorized for decommissioning or managed in accordance with 
approved surveillance and maintenance programmes. Most of the chemical facilities are still 
operational although some of the R & D and smaller facilities have been shut down. Shut down and 
decommissioning of facilities are managed in accordance with approved management systems that are 
also taken up in the regulatory framework. 

Facility managers are responsible for the operation of the individual facilities as well as for 
compliance with applicable regulatory requirements. Separate reporting lines exist for the chemical 
and radiological facilities. The Necsa organization includes a Liability Management Division (LMD) 
and a corporate Safety Health Environment and Quality Department (SHEQD). The operations and 
control responsibilities of Facility managers, LMD and SHEQD are integrated into the management 
system for remediation. 

The management system focuses on contamination of (localized) areas outside authorized areas and 
caters for current and historic events. The management system does not cover arrangements for overall 
site remediation although the arrangement for remediation of specific areas will support and simplify 
ultimate site remediation and release from regulatory control. Typical events that have caused 
contamination outside authorised areas are spills of radioactive and/or chemical effluent from leaking 
or fractured pipelines, leaks from evaporation ponds and leaks from waste containers in interim 
storage.  

The system was developed to attain predefined objectives and to ensure environmentally good practice 
that is summarized by the following: 
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decommissioning phase consist mainly of nuclear fuel cycle facilities. Historical, recent and future events caused 
or could potentially cause radiological and/or chemical contamination outside facilities.  An approach has been 
applied previously whereby cleanup of such contamination has been implemented but without a consistent 
approach or criteria, which resulted in a limited ability to verify and demonstrate successful cleaning. Recent 
developments and regulatory control initiatives resulted in review of the approach and the development of a 
management system to ensure environmentally good practices and management of contamination outside 
radiological and chemical controlled areas. The management system was developed based on pre-defined 
objectives, principles for site remediation and IAEA guidelines [1], [2] and [3]. The remediation management 
process as implemented on the NECSA site is illustrated in Annex 1. The principles and main building blocks of 
remediation management on the NECSA site are covered in the paper. 

1. Background 
The NECSA site has been in operation since the early 1960s. The first facility on site was a research 
reactor that is still in operation today. Subsequent developments were uranium conversion, enrichment 
and fuel production facilities that include research and development (R&D), pilot and semi-
commercial facilities. Since 1980 some related (fluorine based) chemical facilities were also 
developed on site as commercial initiatives. 

Since 1990 the uranium fuel cycle facilities were shut down and are today in various stages of 
decommissioning and are either authorized for decommissioning or managed in accordance with 
approved surveillance and maintenance programmes. Most of the chemical facilities are still 
operational although some of the R & D and smaller facilities have been shut down. Shut down and 
decommissioning of facilities are managed in accordance with approved management systems that are 
also taken up in the regulatory framework. 

Facility managers are responsible for the operation of the individual facilities as well as for 
compliance with applicable regulatory requirements. Separate reporting lines exist for the chemical 
and radiological facilities. The Necsa organization includes a Liability Management Division (LMD) 
and a corporate Safety Health Environment and Quality Department (SHEQD). The operations and 
control responsibilities of Facility managers, LMD and SHEQD are integrated into the management 
system for remediation. 

The management system focuses on contamination of (localized) areas outside authorized areas and 
caters for current and historic events. The management system does not cover arrangements for overall 
site remediation although the arrangement for remediation of specific areas will support and simplify 
ultimate site remediation and release from regulatory control. Typical events that have caused 
contamination outside authorised areas are spills of radioactive and/or chemical effluent from leaking 
or fractured pipelines, leaks from evaporation ponds and leaks from waste containers in interim 
storage.  

The system was developed to attain predefined objectives and to ensure environmentally good practice 
that is summarized by the following: 
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� An integrated remediation approach in which radiological and chemical hazards are considered 
and whereby justification and prioritization of remediation actions are based on the 
consequences of the contamination. Historical and current events are covered; 

� Selection of remediation options for specific areas that are optimized in terms of protection;  

� Clear definition of short and longer term remediation responsibilities;  

� Clear definition of remediation criteria and verification methodologies for radiological and 
chemical contaminants; 

� Clear definition of regulatory control and quality assurance requirements for area remediation. 

2. Site remediation principles  
For the development of a practicable management system for remediation it was imperative to reach 
agreement on the principles that would apply among the facility managers and relevant support 
services. The following main principles were agreed upon and are reflected in the management 
system: 

� An integrated remediation approach is adopted whereby justification and prioritization of 
remediation actions are based on the extent and consequences associated with radiological and 
chemical characteristics of the contaminants and environmental sensitivity (to spreading); 

� Remediation of specific areas is aimed at optimization in terms of protection and compliance 
with specific remediation criteria even though final site remediation and site release is 
something that will be addressed in the future in accordance with a site remediation strategy and 
site release criteria [3]; 

� Remediation of specific areas is aimed at the timely removal or minimization of contamination 
with the potential to impact on persons or the environment and to minimize continued 
surveillance and control requirements; 

� The responsibility for remediation is vested with managers of facilities that handle/process 
contaminants. Events as well as emergency and initial remediation shall be handled in 
accordance with the Event Management Process of Necsa [4]. In cases where initial remediation 
is justifiably not practicable, the area shall be transferred to LMD; 

� The” polluter pays” principle applies; 

� The minimum requirement for contaminated areas is characterization and proof of compliance 
with restricted remediation criteria; 

� Full remediation is the preferred option that needs to be considered in the case of events. If not 
viable, an approach to remediate to levels optimized below remediation criteria is considered 
(i.e. optimization of protection in the selection of remediation options); 

� Control and survey programmes for areas that are not remediated or those under restricted 
release, are implemented to verify/confirm that the areas do not have unacceptable impacts on 
site occupants, the public or the environment; 

� Waste generated during remediation actions is consolidated with amenable waste streams in 
order to optimize interim and longer-term management of waste categories that occur on site; 

� Remediation is regarded as not justifiable in cases where compliance with restricted remediation 
criteria has been met and further remediation would result in the generation of a waste category 
for which a management option has not been established.

Figure 1. Management of cleaning processs at the NECSA site 

3. Remediation of areas contaminated by recent events 

3.1. Emergency remediation 
In order to cover all remediation actions and to optimize remediation the management system for 
remediation covers remediation actions directly after the event. This is termed emergency remediation.

The main objective of emergency remediation is to minimize the potential for longer-term impacts of 
the contamination event by containing the bulk of the contamination before dispersion occurs. 
Emergency remediation is preformed as part of the remedial actions immediately after the event has 
ceased.  Emergency remediation is performed by the polluter’s operational personnel that are familiar 
with the material and properties of the material involved, in collaboration with personnel of 
Emergency Support Services as appropriate. Emergency remediation is performed as part of the event 
management process of Necsa.  For the close out of events, the outcome of remediation in terms of 
residual contamination needs to be verified to demonstrate completion of the short-term corrective 
actions. Record of events form part of the facility history file that is essential for the planning of 
decommissioning and ultimately for site remediation and release from regulatory control. 

3.2. Initial remediation 
Initial remediation is also the responsibility of the polluter and is a prerequisite for the closeout of the 
event except in the case where initial remediation can not be demonstrated to be viable.   
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with restricted remediation criteria; 

� Full remediation is the preferred option that needs to be considered in the case of events. If not 
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(i.e. optimization of protection in the selection of remediation options); 

� Control and survey programmes for areas that are not remediated or those under restricted 
release, are implemented to verify/confirm that the areas do not have unacceptable impacts on 
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� Waste generated during remediation actions is consolidated with amenable waste streams in 
order to optimize interim and longer-term management of waste categories that occur on site; 

� Remediation is regarded as not justifiable in cases where compliance with restricted remediation 
criteria has been met and further remediation would result in the generation of a waste category 
for which a management option has not been established.
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In order to cover all remediation actions and to optimize remediation the management system for 
remediation covers remediation actions directly after the event. This is termed emergency remediation.

The main objective of emergency remediation is to minimize the potential for longer-term impacts of 
the contamination event by containing the bulk of the contamination before dispersion occurs. 
Emergency remediation is preformed as part of the remedial actions immediately after the event has 
ceased.  Emergency remediation is performed by the polluter’s operational personnel that are familiar 
with the material and properties of the material involved, in collaboration with personnel of 
Emergency Support Services as appropriate. Emergency remediation is performed as part of the event 
management process of Necsa.  For the close out of events, the outcome of remediation in terms of 
residual contamination needs to be verified to demonstrate completion of the short-term corrective 
actions. Record of events form part of the facility history file that is essential for the planning of 
decommissioning and ultimately for site remediation and release from regulatory control. 

3.2. Initial remediation 
Initial remediation is also the responsibility of the polluter and is a prerequisite for the closeout of the 
event except in the case where initial remediation can not be demonstrated to be viable.   
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Initial remediation follows directly after the emergency remediation actions. This could vary from 
characterization actions to confirm compliance with remediation criteria, to additional remediation to 
remove contamination from the area followed by characterization and close-out.  The ideal in the case 
of initial remediation is to fully remediate the area by the removal of contamination to levels that are 
not distinguishable from the unaffected surrounding areas. The minimum requirement will be to 
demonstrate compliance with restricted remediation criteria.  

An initial remediation plan needs to be prepared by the Facility Manager of the facility that caused the 
contamination for acceptance by the LMD and the corporate SHEQD. Initial remediation plans include 
inter alia the following (as appropriate): 

� Area location and description;  

� Event description and references to related reports; 

� Contamination characteristics e.g. peripheral boundary, contamination distribution (depth 
profiles) and levels, contaminant properties (material safety data sheets);  

� Waste categories and quantities, and summary of the potential environmental impacts; 

� Site characteristics e.g. factors that may promote spread of contaminant and contamination 
levels of the unaffected surrounding areas; 

� Remediation objectives; 

� Remediation option and action breakdown; 

� Waste management plan; 

� Assessment of the hazards associated with the remediation actions and program to control the 
hazards;

� Final survey and characterization procedure as well as the applicable release criteria; 

� QA plan including close-out requirements (e.g. third party validation as appropriate). 

Initial remediation close-out report is prepared by the Facility Manager that caused the contamination 
for acceptance by the LMD and the SHEQD. Closeout reports include inter alia the following: 

� Project quality plan, release criteria and closeout requirements; 

� Radiological/chemical surveillance data/reports and area status after remediation; 

� Area transfer, control requirements (e.g. environmental monitoring plan) of residual 
contamination and responsibilities as appropriate; 

� Waste management reports; 

� Personnel exposure data/report. 

4. Remediation of areas contaminated by earlier or historic events 

4.1. Interim remediation 
Interim remediation applies mainly to areas contaminated during historic events with the purpose of 
establishing compliance or to verify compliance with restricted release criteria as a basis for shorter 
term safety. Areas known to be contaminated due to historic events and areas discovered to be 
contaminated due unknown historic events are prioritized and scheduled for interim remediation by 
the LMD. 

Interim remediation plans and closeout reports are prepared by the LMD for acceptance by the 
SHEQD. The plan and closeout requirements are similar to those specified for initial remediation. 
Interim remediation is managed in accordance with the Project Approval Process of Necsa, which 
ensures that all SHEQ and authorization requirements are identified and specified as project hold 
points as appropriate.  

4.2. Final remediation 
Final remediation of all areas including those previously remediated may still be required subject to 
the remediation status, priority for remediation based on impact on the environment and on safety 
and/or finalization of the site remediation strategy. (Site release can only be considered on a site scale 
and not on the scale of separate contaminated areas on the site.) Final remediation projects are 
managed similar to intitial and interim remediation projects.

Close-out reports after the completion of final remediation projects shall be prepared in accordance 
with the project QA plan and accepted by the SHEQD and submitted to external authorities as 
appropriate. 

5. Remediation criteria 

5.1. Criteria selection  
Optimization of protection is demonstrated by the selection and application of remediation criteria. 
Optimization of safety in the case of remediation is generally regarded as sufficiently demonstrated by 
selection and application of the full remediation criteria or optimization of residual contamination 
levels below the selected remediation criteria.

5.2. Full remediation criteria 
Full remediation criteria is based on residual radiological and chemical contamination levels that are 
not distinguishable from the levels of the unaffected surrounding areas and the area has no hotspots 
above surface contamination and activity concentration criteria for clearance of material.  

Full remediation is demonstrated by applying the following methodology:

� Wilcoxon Ranking Test [5] (A comparison test that is independent of the distribution of the two 
sets of data compared and uses 3 to 8 representative samples) to pass the significance test of less 
than 10% disagreement between samples of the effected and unaffected areas respectively; or

� The average activity concentration of the remediated area is below the average activity 
concentration of the unaffected surrounding area including an off set of 10% with a 90 % 
confidence level;  

� The chemical contamination levels of an area is evaluated in terms of relevant element or 
compound concentration levels or the measurable impacts of the contaminant on the soil or 
sediment for the case of leachable contaminant where concentration is evaluated under normal 
simulated leaching conditions or other contaminants for total contaminant load. Full 
remediation is demonstrated in accordance with the methodology described in i. or ii. above 
using representative sampling results of the remediated area compared with the results of the 
unaffected area.   

5.3. Unrestricted remediation criteria 
Residual radiological and chemical contamination levels comply with national and international 
recommended release criteria as applicable to remediation. Compliance with remediation criteria 
alleviate the need for continued control and surveillance. Residual radiological contamination is 
evaluated in terms of the approach and criteria for bulk amounts of radionuclides as specified in [6] 
for:

• Artificial radionuclides- Table 15 page 55 of [6]; 

• For natural occurring radionuclides- 1 Bq/g per nuclide excluding 40 K for which 10 Bq/g shall 
apply. 

The radiological contamination levels are evaluated following a statistical or non-statistical approach 
depending on the size and distribution characteristics of the affected area. For non-statistical approach 
representative sampling need to be demonstrated and all results shall be below the criteria levels. In 
the case of a statistical approach sufficient sampling and compliance with criteria need to be 
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alleviate the need for continued control and surveillance. Residual radiological contamination is 
evaluated in terms of the approach and criteria for bulk amounts of radionuclides as specified in [6] 
for:
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demonstrated. Compliance with unrestricted remediation criteria needs to be demonstrated with a      
95 % confidence level.  

In the case of a mixture of radionuclides the approach, as indicated in [6] for artificial and natural 
nuclides, is applied. 

Residual chemical contamination is evaluated in terms of criteria for inorganic chemicals listed in 
guidelines of the South African Department of Water Affairs (DWAF) criteria for agricultural land use 
for application of sewage sludge [8] where a value < the total investigative level (TIL) with aqua regia 
analysis is applicable, or for inorganic or organic chemicals, not listed in [8], then the criteria of the 
USA EPA for soil screening levels (SSL) are used [10]. For contamination of sediments or water 
courses the DWAF limits for Class Yellow water are used [9]. 

5.4. Restricted remediation criteria 
Residual radiological and chemical contamination levels shall comply with national and international 
recommended exemption criteria. Although compliance with exemption criteria is expected to 
minimize the requirements for continued control and surveillance, some conditions and future 
intervention may still be required. 

Residual radiological contamination is evaluated in terms of the criteria for exemption as specified in 
[7]. (Although exemption criteria are specified for smaller amounts of material it is generally assumed 
that remediation to the levels ensure sufficient protection in the short term until site remediation 
strategies are finalized.) 

The residual radiological contamination levels of an area are evaluated for compliance with the 
restricted remediation criteria similar to the approach described in 5.3 above. 

Residual chemical contamination shall be evaluated in terms of criteria for inorganic chemicals listed 
in DWAF criteria for agricultural land use for application of sewage sludge [8] where a value < the 
total maximum threshold (TMT) with aqua regia analysis is applicable, or for inorganic or organic 
chemicals, not listed in [8], then the criteria of the USA EPA for soil screening levels (SSL) is used 
[10] with justification for higher levels on a case by case basis. For contamination of sediments or 
water courses the DWAF limits for Class Red water [9] is used. 

6. Conclusions 
The management system for remediation has been implemented recently on the NECSA site and 
although the general feedback is positive, review of the system is necessary to streamline the system 
and to ensure continual improvement. The main advantages of the system for the management of 
remediation on the NECSA site are the following: 

� Roles and responsibilities for remediation on the Necsa site are clearly defined; 

� Radiological and chemical hazards as well as optimization of protection are integrated into the 
system; 

� A phased approach for remediation with specific remediation criteria is defined; 

� Remediation projects are managed within a QA framework that provides verifiable outcomes 
and information that is essential for event management, future facility decommissioning and site 
remediation planning; 

� Approved remediation criteria and verification methodologies for radiological and chemical 
contaminants. 
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demonstrated. Compliance with unrestricted remediation criteria needs to be demonstrated with a      
95 % confidence level.  
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Abstract. Characterization of soils for decommissioning must consider both the distribution of licensed 

material over small areas (25 – 100 square meters) and the decommissioning process. Uniform distribution of 
licensed material over small areas enables characterization data to be used to delineate and quantify material 
exceeding decommissioning criteria. Lack of uniform distribution, particularly in conjunction with in-process 
identification of additional material exceeding decommissioning criteria, prevents the use of characterization 
data to delineate and quantify material exceeding decommissioning criteria. Finally, post-excavation segregation 
of material not exceeding decommissioning criteria can dramatically reduce the volume of material which must 
be treated or removed for disposal.  

1. Introduction 
During the 1970s, operations at two former nuclear fuel production facilities in Oklahoma were 
terminated.  Source term reduction was initiated at these facilities upon closure, but decommissioning 
of impacted soils on the facility property did not begin until much later.  Between 1990 and 2004, 
decommissioning activities focused on three media: 

� Decontamination and dismantling of equipment and buildings; 

� Excavation, packaging, and disposal of soils exceeding decommissioning criteria; and 

� Characterization of site hydrogeology and impact to groundwater from licensed materials. 

At that time, the U.S. Nuclear Regulatory Commission (NRC) was developing survey methods for 
surficial and subsurface soils, and guidance for establishing cleanup criteria. Licensees were then 
developing methodology for characterizing, excavating, and disposing of building materials and soils.  
Because the nuclides of concern at these two facilities are naturally occurring radionuclides, 
distinguishing background variability from licensed material impact presented unique challenges to 
the decommissioning projects. Development of appropriate decommissioning criteria relative to 
background was therefore critical. 

The primary radionuclides of concern at these sites were uranium and thorium. Uranium enrichment 
varied from depleted to low enrichment (< 20%), but naturally enriched uranium was also present on 
site in the form of technically enhanced naturally occurring radioactive material (TENORM).  
Volumetric activity limits for uranium and thorium were developed for soil, based on a resident farmer 
scenario and a 0.25 mSv/y dose limit. The limit for uranium was 1.1 Bq/q total uranium; the limit for 
thorium was 0.37 Bq/q thorium (both net activity above mean). Because the uranium received at both 
sites was purified, The 230Th was not an isotope of concern; consequently, total thorium was defined as 
228Th + 232Th.  The unity rule was applied to these nuclide-specific limits to determine the Fraction of 
Maximum Permissible Contamination (FMPC).  The unity rule is defined as:   
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where [ ] indicates the net activity of the isotope in pCi/g. 

Soil exceeding an FMPC of 1 was considered to exceed the limit, whether or not either of the 
individual nuclides exceeded its respective limit. Area and volumetric averaging were applied to the 
data in accordance with NRC-approved methodology. The term Criteria was applied to the final 
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determination of whether material exceeded the dose-based standard after application of the unity rule 
and the area or volumetric averaging. The Decommissioning Plan approved by NRC required all 
material exceeding the Criteria to be excavated and shipped to a licensed facility for disposal. 

2. Characterization activities 
The site was divided into three categories of areas: unimpacted, impacted, and potentially impacted.  
Areas in which no processing or disposal of licensed material occurred, and on which there was little 
or no likelihood that licensed material could have migrated, were designated unimpacted areas. Areas 
of known nuclear material processing or disposal were designated impacted areas. Areas for which 
preliminary surveys did not indicate the presence of licensed material, but which could have become 
contaminated by sediment or groundwater transport, were designated potentially impacted areas.
Unimpacted areas received the lowest density of scanning and sampling and impacted areas received 
the greatest. 

For surficial soils, unshielded NaI scintillation detectors and rate meters were used to perform gamma 
scans, providing 100% coverage of all three designations of areas. Instrument sensitivity was 
sufficient to identify material exceeding a fraction of the decommissioning criteria (the fraction varies 
by nuclide). Within impacted and potentially impacted areas, systematic soil sampling was performed 
to delineate surficial (0 – 15 cm in depth) and subsurface soils exceeding the Criteria. 

Systematic samples of surficial soils (0 – 15 cm) were obtained from a 5-meter grid within impacted 
areas, and from a 10-meter grid in potentially impacted areas. Based on the results of the unshielded 
scans, shielded NaI scintillation detectors and rate meters were used to identify small (<1 square 
meter) areas where surficial soils may exceed the Criteria. Biased soil samples were collected where 
shielded gamma scans exceeded a calculated threshold. Where surficial samples exceeded the Criteria, 
additional surficial samples were collected at midpoints between systematic sample locations.   

Soil borings were advanced at all systematic sample locations and most biased sample locations where 
the surficial samples exceeded the Criteria. Exceptions were areas of widespread contamination, where 
advancing borings at biased sample locations within larger areas or relatively uniform contamination 
would serve no purpose. Subsurface soil samples were collected at 15 cm depth intervals until 
background count rates were obtained from core samples. In a total area of approximately thirty-five 
hectares, over 50,000 samples were collected and analyzed for uranium, radium, and thorium, and 
over 2 million scan measurements were recorded. 

The objective of this extensive characterization effort was to develop three-dimensional depiction of 
all material exceeding the Criteria.  Based on this vast amount of data, the lateral and vertical extent of 
all material exceeding the Criteria was determined and three-dimensional excavation plans were 
plotted. The volume of material requiring excavation and shipment was determined, and equipment 
and personnel needs and decommissioning schedules were developed. It was believed that this 
intensive characterization effort would enable provision of adequate funding and resources for the 
project. The tremendous quantity of data obtained during site characterization resulted in a false sense 
of confidence in the accuracy of the estimates. 

3. The decommissioning process 
The Decommissioning Plan (DP) approved for the site did not limit excavation to the material 
identified during site characterization. The DP required that all material exceeding the Criteria 
identified during characterization be excavated and shipped to a licensed disposal facility. In addition, 
after material identified during the characterization effort was excavated, the DP required further 
surveys to find any other material still exceeded the Criteria. Health physics technicians entered 
excavations with shielded gamma survey meters, collecting samples where scans exceeded calculated 
thresholds, and to identifying additional material exceeding the Criteria. All such material was 
excavated and shipped for disposal. 

The distribution of licensed material at the site was very heterogeneous; this is typical for fuel cycle 
facilities.  Licensed material migrated from “sources” through lenses of higher permeability material, 
utility trenches, and other subsurface features not encountered during subsurface borings. The small 

dimensions of these features enabled licensed material to extend considerable distances without ever 
intersecting a 5-meter grid node, so that subsurface borings often missed them. 

Subsurface characterization samples indicating that a volume of material (5 m square by 15 cm deep) 
required excavation often represented very small areas of elevated activity in the midst of mostly low-
activity or background-level soil.  At other times, subsurface characterization samples indicating low-
activity soil represented small areas of low activity where higher activity material was within close 
proximity. Since subsurface zones cannot be scanned as can the land surface, there was no means of 
identifying either of these conditions based on systematic borings. The volume of material requiring 
excavation far exceeded the estimates that were generated from site characterization data. In addition, 
the vast majority of the material shipped for disposal did not exceed the decommissioning criteria. 

4. The decommissioning project 
At one site, the decommissioning of soils was performed in three phases. Each phase included 
characterization and decommissioning of distinct soil or soil-like materials. The first phase involved 
the neutralization and stockpiling of thorium-contaminated acidic hydrocarbon waste.  Approximately 
10,400 cubic meters of this material were stockpiled in a radioactive materials storage area (RMSA).  
This material was to be shipped for disposal along with the soil-like wastes that would be 
characterized and decommissioned during the second phase. 

The second phase of decommissioning involved the removal of other radioactively contaminated 
wastes distributed over approximately 10 hectares. The characterization efforts described above 
yielded an estimate of 4,900 cubic meters of material requiring removal and shipment.  Because of the 
additional material identified during post-excavation scans, the actual volume of material excavated in 
this phase was 10,157 cubic meters – an additional 5,100+ cubic meters above the initial estimate.  
The volume estimate based on intensive characterization efforts therefore failed to identify over half of 
the material eventually removed! Adding the 10,400 cubic meters in the RMSA to the volume 
excavated yields a total volume shipped of approximately 20,600 cubic meters, compared to the 
15,300 cubic meters of material upon which project cost estimates were based. 

In the third and final phase of decommissioning, performed in 2003 and 2004, still more extensive 
characterization indicated that 7,700 cubic meters of material exceeded the Criteria and required 
excavation and shipment. Sampling density was increased for the third phase of characterization in an 
effort to improve the accuracy of volume estimates. Additional soil sampling was performed at closer 
spacing near the outside edges of projected excavations to reduce the likelihood that lenses and 
trenches would be missed. However, the actual volume of material excavated and shipped for disposal 
in this third phase was over 15,100 cubic meters, still approximately twice the volume determined by 
characterization efforts. 

Because the total volume excavated and shipped exceeded characterization-based estimates by over 
12,600 cubic meters, the cost for transportation and disposal alone was underestimated substantially.  
In addition, the owner experienced increased costs due to: 

� Additional excavation of soil;  

� Repeated scanning, sampling, sample analysis, and data review;  

� Additional packaging and manifesting; and  

� Project overheads due to schedule extension.   

Adding to the frustration was the information obtained from samples collected from the intermodal 
containers in which the waste was shipped. Between 11 and 12 cubic meters of soil were loaded into 
each intermodal container; five discrete samples were collected from each container as the material 
was loaded. During the second phase of decommissioning, over 90% of the intermodal containers 
yielded average activity results below the soil activity limit – without the benefit of area or volumetric 
averaging.   

The owner employed “surgical” excavation methods, removing material in lifts as thin as 8 – 10 cm, 
and utilizing survey-grade Global Positioning System equipment to guide the excavators to within 5 
cm laterally.  Nevertheless, the small localized volumes of material yielding elevated levels of activity 
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could not be successfully segregated from the surrounding lower activity material during the initial 
excavation effort, and many thousands of cubic meters of soil below the Criteria were shipped for 
disposal to a licensed facility. Because NRC was concerned about intentional dilution during 
excavation, they required that the owner ship for disposal all material identified as exceeding the 
Criteria during characterization. 

5. Modifying the decommissioning process 
During the third phase of the decommissioning project, NRC acknowledged that the owner was 
implementing significant precautions to minimize dilution during excavation. Soil was excavated in 
grid blocks less than 5 meters square by 15-cm deep (less than 4 cubic meters). Nevertheless, even 
these small volumes of material tended to yield significantly different activities when sampled post-
excavation than was indicated by characterization samples.  In several areas, characterization sampling 
density was increased to 1-meter intervals and 15-cm depths in an effort to better predict the average 
activity of the excavated material. Even in these areas, post-excavation results often varied 
significantly from characterization sample results. 

The owner and the regulatory agency concurred that the decommissioning process needed 
modification to provide for post-excavation segregation of material identified during characterization 
as exceeding the Criteria. The owner proposed the following modification to the decommissioning 
process.  As each excavator bucket of soil was removed from the excavation, health physics personnel 
scanned the soil with a shielded NaI detector. Material that exceeded a pre-determined threshold was 
loaded into a truck transporting soils to the staging area for packaging and shipment.   

Material below the threshold was loaded into a truck transporting soils to a low-background area, 
where it was laid out in 15-cm thick lifts. Health physics crews scanned the lifts with shielded NaI 
detectors, providing 100% coverage. Locations yielding above a specified threshold were sampled.  
Material exceeding the activity limit, using the unity rule but not utilizing area or volumetric 
averaging, was removed from the lift and taken to the staging area for packaging and shipment to a 
licensed disposal facility. 

Over 4,100 cubic meters of soil were processed by this method.  Slightly over 900 cubic meters of soil 
were segregated as exceeding the Criteria; this material was extracted for packaging and shipment.  
Obviously, additional material handling and surveying was required to implement this modification in 
the decommissioning process. However, the cost of transportation and disposal alone exceeds US 
$700 per cubic meter. The per-cubic-meter cost of additional material handling and surveying was 
insignificant relative to the cost of transportation and disposal. By reducing the volume of waste 
shipped by over 3,200 cubic meters, the owner saved approximately 75% of its potential transportation 
and disposal liability. Had the owner been able to realize this volume reduction on the total 40,000 
cubic meters of excavated material, avoiding the transportation and shipment of 30,000 cubic meters 
of soil, tremendous savings could have been realized with no reduction in safety or protection of 
human health or the environment! 

Even using this additional segregation effort, only 53% of the containers shipped yielded an average 
activity exceeding the volumetric activity limit.  Had this process been utilized from the beginning of 
the project, it is anticipated that in-process adjustments to the segregation threshold could have been 
justified, resulting in still better segregation of material not exceeding the criteria. 

6. Conclusions 
The Distribution of Licensed Material Must be Evaluated in Developing Site Characterization Plans.  

The statistical analysis typically performed on data obtained from the systematic surveys and sampling 
required by most site characterization plans assumes a near-normal distribution of licensed material 
over relatively small areas (100 square meters or less). When this is not the case, significant resources 
can be spent on site characterization without corresponding benefit.   

High density sampling of a few small areas which gamma scans identify as impacted should be 
performed prior to the development of comprehensive characterization plans to determine if licensed 
material is normally distributed. If the data indicates a relatively normal distribution, systematic 
surveys and sampling grids may enable project personnel to quantify material requiring removal. If the 

data indicates that the activity of licensed material varies significantly across small distances, scans 
and surveys should identify locations of elevated activity to provide “starting points” for 
decommissioning. Characterization plans for such sites should establish criteria for determining when 
characterization efforts sufficiently delineate material, not quantify it, to justify progressing to 
decommissioning. 

In-Process Measurement and Segregation Can Significantly Reduce Volume and Cost

Packaging, transporting, and disposing of soil and waste that do not exceed decommissioning criteria 
wastes financial resources, depletes remaining available space in disposal facilities, and increases risk 
to workers and the public due to the handling, packaging, and transportation of additional material to 
the disposal site. Limited availability of funds necessitates that decommissioning of sites containing 
large volumes of low-level radioactive contamination be conducted in a manner that maximizes the 
activity and minimizes the volume of material shipped for disposal. Ensuring that site characterization 
assesses not only the location of soil and waste exceeding decommissioning criteria, but evaluates the 
distribution, heterogeneity, and variability of activity of such material enables the decommissioning 
planner to incorporate appropriate procedures for material segregation into the decommissioning plan. 
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Abstract. Lessons learned from a set of completed decommissioning activities of a mineral processing 
factory is presented. The issues cover aspects such as regulations, guidelines, transportation, radiological and 
non radiological safety, auditing, responsibilities of licensee, training and competence of staff, placement of 
waste residues before final disposal or transportation, environmental site monitoring, etc; and finally to final 
release of the site. The licensee needs to prepare a detailed decommissioning plan according to the work that will 
be conducted in the decommissioning in order to satisfy  regulations and conditions set by local regulators. There 
is a need to have good cooperation between the relevant government agencies, regulators and licensee to smooth 
the completion of the Decommissioning project. 

1. Introduction 
A mineral processing factory to process monazite for recovering of rare earths was decommissioned 
from early  2004 till  2005. In 1987, the company was issued a Class A license by the local regulatory 
authority to process monazite minerals to recover rare earths, while at the same time, generating 
wastes namely thorium hydroxides and contaminated materials. The amount of thorium hydroxides 
and contaminated materials produced were about 44,366 drums and 40,107 drums respectively and 
were stored in a Long Term Storage Facility. In January 1994 the company stopped its operation 
permanently and then plans were made to decommission the mineral processing facility. The company 
was issued a License H to decommission the facility where work will be concentrated on: 

a. Demolish and dismantling buildings at the plant site and waste water treatment site; 

b. Excavation and removal of contaminated soil at the sites, transport from and disposal to a 
nearby engineered disposal site; 

c. Backfill the plant and the waste water treatment site with clean soil; 

d. Release the site as an industrial site to the owner. 

This paper presents a brief review of the lessons learned from the completed decommissioning 
activities. The issues  cover aspects such as regulations, guidelines, transportation, radiological and 
non radiological safety, auditing, responsibilities of licensee, training and competence of staff, 
placement of waste residues before final disposal or transportation, environmental site monitoring, etc.  
The lessons learned start from decision matters on policy of decommissioning to the final release of 
the site. 

However not all issues are covered in this paper but only the essential ones.  For the  decommissioning 
of the Long Term Storage Facility to be implemented possibly in late 2006, relevant documents are 
currently being prepared to be submitted and then approved by the regulators. It is hoped that the 
LTSF decommissioning can be completed smoothly. 

2. Technical administration  
Prior to the decommissioning work, policy matters must be addressed by the government such as: 

a. Decision to stop facility operation; 

b. Fate of the wastes; 
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c. Residual activity in facilities, materials etc.; 

d. Cost for decommissioning, responsibilities; 

e. Recycling and reuse; 

f. New use for the current site; 

g. International co-operation; 

h. Restricted site release and unrestricted site release; 

Strategical matters that must be determined are: 

a. In stages or all at once; 

b. Decontamination of contaminated items; 

c. Release of all decontaminated facilities and areas; 

d. Final disposal of radioactive wastes with different options; 

e. Waste minimization by minimize, generation, reuse and recycle; 

f. Establish project management team for efficient tasks management. 

3. Decommissioning guidelines 
Regulators need to prepare detailed decommissioning guidelines to be used by the licensee as  proper 
guidance for the decommissioning work. In the preparation for decommissioning plan documents, 
IAEA  Safety Reports Series No. 45, Standard Format and Content for Safety Related 
Decommissioning Documents can be used as a guide once the policy and strategies have been 
determined. The licensee needs to prepare a detailed plan according to the work that will be conducted 
in decommissioning in order to satisfy the regulations and conditions set. 

4. Role of regulators and related parties 
During the course of decommissioning, the roles of the regulators, implementers and the various  
stakeholders are important. The organization involved and its  responsibility must be clearly 
determined to prevent conflict of interest and allow decisions to be made. There will be many issues 
arising during decommissioning and regular discussions between the different parties are 
recommended. There is a need to establish cooperation between the relevant government agencies, 
regulators and licensee to smooth the completion of the decommissioning  project without any 
stoppage. 

Activities and roles of Government organizations (relevant to the decommissioning work) and  the 
Atomic Energy Licensing Board (AELB), need to be coordinated to avoid duplication of tasks. 
Information should be shared to optimize operation in regard to safety. All proposals approved from 
organizations such as Department of Environment,  Machinery, Transport, etc. must be documented 
and coordinated by the AELB. 

In the issuing of license, the requirements stated in the license documents need to be reviewed for each 
individual task. All relevant items including radiological ones are to be stated or covered in the license 
requirements. 

Analytical laboratories set by licensee or anyhow used must be licensed and accredited by the 
respected regulators. There must be competent staff to analyze samples from the decommissioning 
work 

5. Safety issues 
The Licensee must provide general information on the methods for reducing occupational exposures 
during the decommissioning. because activities may have a significant impact on the doses received 
by workers during decommissioning and waste handling operations. There must be  safety procedures 
to be approved by regulators for all types of hazerdous work involving radiological and non 
radiological aspects. 

The Licensee must conduct measurements of the radiation levels in working areas, including recording 
and assessment of exposure to personnel  and the environment. The measurements include surveys of 
surface contamination and monitoring of air contamination levels during and at the end of every work 
shift. Additional monitoring may be required during certain operations. 

Reported accidents, near fatalities, fatalities, equipment incidents must be investigated to find the root 
causes and actions must be implemented after corrections.  

All potential radiological and conventional hazards must be assessed before work commences. 

There is a need to have “hold-up points” during the implementation of the decommissioning work if 
there are doubts on safety procedures adopted. 

The operators need to evaluate conventional and radiological risks to workers, public and environment 
before initiating actual decommissioning work. There is also a need to have accident and  dose 
exposure  analysed during possible events or accidents which  may occur during waste generation. 

Workers must: 

a. Have adequate experience or training in related works; 

b. Have adequate training in radiation protection; 

c. Be supplied with adequate personnel monitoring and protective equipment properly calibrated 
and certified; 

d. Make proper use of safety equipment; 

e. Ensure that all safety equipment is calibrated and certified by the  relevant  authorities; 

f. Attend periodical medical examinations as specified by the regulation. 

6. Training of workers 
Training of workers must be specific with respect to safety rules such as during construction, 
dismantling, transportation, etc. The licensee must ensure that steps to implement work must be 
properly documented and known by the regulators. Regulators have the right to question the operators 
on safety aspects. 

Radiological risks to workers need to be established by applying the ALARA principle and there must 
be a well organized work safety system. Conventional risks must also be considered such as hazard 
from organic materials. 

7. Transportation
There must be an  Emergency Response Team in case there is an accident during transportation. The 
required response will be quickly implemented by the respective government agencies and licensee for 
any accidents that may occur during transport of wastes.  Assessment of a realistic accident during 
transportation needs to be conducted in terms of any leakages or spillage of wet contaminated soil and 
water or dust spreading to the environment. Steel containers to hold contaminants must be fully tested 
for transport with specifications made according to transport regulations by the local regulators such as 
the Road Transport Department and Atomic Energy Licensing Board. Guidelines on Transport 
according to IAEA Safety Series can also be referred. 

All matters related to loading and  unloading of contaminated materials must have proper procedures 
to prevent spreading of such materials, or spreading of dust and water to the environment. Exposure to 
workers and drivers are to be  minimized according to ALARA principle or by providing extra 
shielding. Procedures should be acceptable and ensure that the activity levels of the waste do  not 
exceed the criteria for available transport containers. The specification of the said containers are 
approved by the relevant authorities. 
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8. Management of waste residues  
All control procedures stockpiling of contaminated parts of plant, wastes, etc. at the plant site need to 
be checked and corrected if needed to prevent migration of radioactive contaminants during heavy 
rainfall or high winds. Waste materials must not be left in open spaces. 

The licensee should have a quality assurance programme during the decommissioning work. 

All sampling and  measurements of soil, cement and asphalt samples must relate to operational history 
of the facility to be decommissioned. There is a need to ensure the future owners that the site poses no 
radiological risk and is free of hazardous contamination. 

The radionuclide inventory in wastes during transportation and disposal to the disposal site must be 
recorded and known. There must be good characterization of the waste materials.  There shall be no 
chemicals to avoid explosion when packed with other wastes.  

All documentation must be factual, well written, and kept by two relevant authorities to 
decommissioning work. Documentary information can be used for future dialogue between the public 
and government organizations. 

All radiological impact assessments must use on site parameters before or after decommissioning 
work. 

9. Environmental monitoring 
Environmental monitoring must be conducted during decommissioning work at plant site during 
specified periods according to license requirements. Air monitoring, airborne dust monitoring and 
radon measurements (depending on wastes in question) need to be conducted for baseline assessment 
and during decommissioning work 

Soil and other sampling at determined sampling points approved by the authorities before the 
decommissioning operation, must be conducted immediately  for independent and supervisory 
purposes by auditor and regulator. This is important for comparison of data after remediation to make 
a decision on final site release. 

All discharges of radioactive and non radioactive contaminant such as toxic contaminants to the 
environment must be monitored by the relevant authorities according to the licensing requirements 
such as discharge limits and dilution factors. Analyses of treated effluent for discharge to nearby rivers 
must be recorded and submitted to relevant authorities as requested. 

10. Final release of site 
For final site release, a proper radiological impact assessment study must be conducted using realistic 
input parameters. The hydro geological water pathway, discharge limits of radionuclides and other 
environmental parameters of treated effluents to nearby rivers must be checked in accordance with 
relevant authorities. Doses to the public living near the plant must be assessed properly according to 
authority requirements. 

Regulators must perform verification and validation during the final site survey conducted by the 
licensee contractors to ensure decisions made on the safety declaration for final site release are correct. 

11. Auditor  
The Auditor can play an important role by preparing an audited report of the licensee’s performance 
and submit proposals as and when necessary for the smooth completion of the decommissioning work 
to the relevant parties. 

An auditing report can also be prepared on the  performance of the emergency response plan set by the 
licensee. 

REFERENCES 
[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Radiation Protection, Basic Safety 
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[2] INTERNATIONAL ATOMIC ENERGY AGENCY, Standard Format and Content for Safety 
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Abstract: The paper describes the application of nuclear safeguards at the Siemens AG Power 
Generation Decommissioning Project, near Hanau in Germany. This installation was known as the “Siemens 
Mixed Oxide (MOX) Fuel Fabrication Plant”, formerly operated by Alkem. This was the first time that a 
plutonium bulk handling facility under Euratom safeguards was decommissioned in the EU and the first time 
European Commission and the International Atomic Energy Agency (IAEA) were involved in safeguarding the 
decommissioning of such an installation. The three parties concerned, Siemens, the IAEA and European 
Commission, closely co-operated to produce a practicable safeguards implementation scheme. The paper 
provides an introduction to the European Commission’s safeguards system, it outlines the safeguards scheme 
implemented at the Hanau Siemens MOX plant and gives details of the experience gained from its application. 
In choosing the scheme, emphasis was put on satisfying the safeguards requirements and objectives of both 
organisations, with minimum impact on the resources of both the operator and the inspectorates. The lessons 
learned from the decommissioning safeguards implementation scheme will be useful for future applications in 
the light of the Commission’s modernised safeguards approach, even in different facility types, but particularly 
in the future decommissioning of other MOX fabrication plants in the EU, such as the Belgonucleaire MOX 
plant.

1. Introduction 
Nuclear safeguards are applied in the European Union (EU) under the Euratom Treaty and under 
agreements pursuant to the Non Proliferation Treaty (together with their protocols and additional 
protocols) between the Euratom Community, the International Atomic Energy Agency (IAEA) and the 
EU Non Nuclear Weapon States (NNWS), France and UK respectively. Under Article 2(e) of the 
Euratom Treaty, the Community is required to make certain, by appropriate supervision, that nuclear 
materials are not diverted to purposes other than those for which they are intended.  

Broadly, the European Commission’s (EC) task under chapter VII of the Euratom Treaty is focused on 
conformity control (agreement between declaration of use and reality), while the non-proliferation task 
is a control of finality (detection of nuclear weapon production) and belongs to the IAEA on a world-
wide basis. Another fundamental difference distinguishing these two forms of control is that in the 
system of IAEA safeguards the interlocutor is the state while in the case of Euratom safeguards, the 
interlocutor of the Commission is the nuclear operator. 

The European Commission and in particular the Directorate General for Energy and Transport (DG 
TREN) based in Luxembourg, is charged with administering the system of nuclear safeguards in the 
EU Member States. The Euratom safeguards system, therefore, acts as a collective State System of 
Accounting for and Control (SSAC) of nuclear material for all the EU Member States, for internal 
purposes and under the three safeguards agreements. Particularly for the EU Non Nuclear Weapon 
States (INFCIRC/193), due to the established key role of Euratom, safeguards verification activities 
under these agreements are co-ordinated between the EC and the IAEA in accordance with the 
provisions of the safeguards agreements. 

The Euratom Treaty endows the Commission with a legally binding nuclear safeguards system of 
supra-national character that is unique worldwide. The Commission, through optimal use of its 
unrivalled nuclear expertise, implements a high quality and credibility safeguards system constantly 
enhancing its assurance about the proper use of nuclear material in the EU. 

Articles 78 and 79 of the Euratom Treaty and derived legislation (Commission Regulation No. 
302/2005 of 8 February 2005 on the application of Euratom safeguards, replacing Euratom Regulation 
3227/76) lay down the requirements for the operators’ information and reports as regards technical 
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learned from the decommissioning safeguards implementation scheme will be useful for future applications in 
the light of the Commission’s modernised safeguards approach, even in different facility types, but particularly 
in the future decommissioning of other MOX fabrication plants in the EU, such as the Belgonucleaire MOX 
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Euratom Treaty, the Community is required to make certain, by appropriate supervision, that nuclear 
materials are not diverted to purposes other than those for which they are intended.  

Broadly, the European Commission’s (EC) task under chapter VII of the Euratom Treaty is focused on 
conformity control (agreement between declaration of use and reality), while the non-proliferation task 
is a control of finality (detection of nuclear weapon production) and belongs to the IAEA on a world-
wide basis. Another fundamental difference distinguishing these two forms of control is that in the 
system of IAEA safeguards the interlocutor is the state while in the case of Euratom safeguards, the 
interlocutor of the Commission is the nuclear operator. 

The European Commission and in particular the Directorate General for Energy and Transport (DG 
TREN) based in Luxembourg, is charged with administering the system of nuclear safeguards in the 
EU Member States. The Euratom safeguards system, therefore, acts as a collective State System of 
Accounting for and Control (SSAC) of nuclear material for all the EU Member States, for internal 
purposes and under the three safeguards agreements. Particularly for the EU Non Nuclear Weapon 
States (INFCIRC/193), due to the established key role of Euratom, safeguards verification activities 
under these agreements are co-ordinated between the EC and the IAEA in accordance with the 
provisions of the safeguards agreements. 

The Euratom Treaty endows the Commission with a legally binding nuclear safeguards system of 
supra-national character that is unique worldwide. The Commission, through optimal use of its 
unrivalled nuclear expertise, implements a high quality and credibility safeguards system constantly 
enhancing its assurance about the proper use of nuclear material in the EU. 

Articles 78 and 79 of the Euratom Treaty and derived legislation (Commission Regulation No. 
302/2005 of 8 February 2005 on the application of Euratom safeguards, replacing Euratom Regulation 
3227/76) lay down the requirements for the operators’ information and reports as regards technical 
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characteristics and nuclear material accounting. Nuclear material accounting refers to the activities 
carried out to establish the quantities of nuclear material present within defined areas and the changes 
in those quantities within defined periods.  

Nuclear material accountancy is the practice of nuclear material accounting by the operator of nuclear 
installations and, where applicable, the State, as well as the verification and evaluation of this 
accounting system by a safeguards authority with subsequent statements of results and conclusions 
making it possible to determine the degree of assurance provided by the safeguards measures. 

Since 2004 the Commission has undertaken to revise its strategy for improved nuclear safeguards 
effectiveness and efficiency in the Community, by adopting a document outlining the fundamental 
principles of an improved approach for meeting the objectives of the Community nuclear safeguards.  

Modern safeguards are implemented throughout the different stages of the life-cycle of a nuclear plant: 
from the design, construction, commissioning and operation stages through to its clean-out and 
eventual decommissioning. Decommissioning forms an integral part of a nuclear facility’s life-cycle, 
but it is the phase in which the technical challenges, safety & security concerns and radio-protection 
aspects change significantly and present different challenges. A decommissioned facility is one at 
which the residual structures and equipment essential for its operations have been removed or rendered 
inoperable, so that it is not used to store and can no longer be used to handle, process or utilise nuclear 
material. In the case of a bulk handling facility this means that all measurable quantities of nuclear 
material have been removed. 

In a fuel fabrication facility the nuclear material control concepts and procedures deployed during the 
plant’s operation and subsequent clean-out, as well as the safeguards implementation scheme applied, 
are no longer applicable in the decommissioning stages. Even higher attention is needed on safeguards 
issues since the operator is usually changing the company structure for decommissioning and the plant 
stops having commercial interest. 

Key aspects such as work processes, throughput, type and flow of nuclear material, waste volumes, 
methods of measurement and their degree of accuracy, as well as nuclear material inventory are so 
different from those of an operating fabrication facility that it is necessary to re-examine and adapt the 
safeguards requirements. 

This task, which needed a close co-operation between the EC, the IAEA and Siemens, the operator, 
regarding safeguards requirements and options, was jointly embarked upon by these three bodies. This 
co-operation started in 2000 and was concluded in October 2002. The two inspectorates continued 
improving the safeguards implementation scheme and implemented it until the facility’s nuclear 
accountancy books were finally closed. 

2. The clean-out process 
In the time since the founding of ALKEM GmbH in Karlsruhe in 1965, its relocation to Hanau in 
1970, and the merging of the uranium and mixed-oxide (MOX, mixture of uranium and plutonium 
oxides) facilities at the Hanau site in 1988 to form the Siemens fuel assembly manufacturing plant, 
approximately 8.5 tonnes of plutonium were processed at the MOX facility to make 26,000 MOX fuel 
rods up until its shutdown in 1991. As a consequence of the decision to abandon fuel fabrication 
activities at the Hanau site, the clean-out of the MOX facility was started in 1997.  

This involved processing the nuclear material that was still inside the facility into transportable units, 
so-called MOX “storage assemblies” and “MOX storage rods”. These were then shipped to Cogema at 
La Hague, in France for reprocessing, without passing through a reactor. During this clean-out phase 
the safeguards implementation scheme was much the same as applied during the normal operation 
phase. 

The vast majority of the waste material, contaminated equipment etc. could be made into small enough 
packages to be processed into 200 litre drums. Many of these existed prior to decommissioning as a 
result of normal waste production during the operating life of the plant, (about 4000 drums from 
Siemens MOX and a further 2500 drums from Siemens Uran, ex-RBU). All the material in these 
drums was measured by the operator, either as small packages or as complete drums, to determine the 
nuclear material content. The drums were then sent to be compacted and cemented, typically three 

waste drums making one cemented drum. After cementation the drums went to a purpose-built facility, 
the “Gebäude für Abfallendkonditionierung” (GefA) which became operational in July 2002. There, 
the drums were placed in special containers, licensed for a minimum of 30 years, known as Konrad 
Type VI. Normally 10 drums were placed in each Konrad container. These containers were then also 
filled with cement before being stored in a special area at another part of the Hanau site. 

A few items which were too large to fit in the 200 litre drums were assayed using special non 
destructive assay (NDA) equipment originally developed by BNFL, UK, known as DISPIMs, 
(Decommissioning In-Site Plutonium Inventory Monitor). These were slab shaped neutron and gamma 
monitors that could be assembled around a large object and then, through the use of sophisticated 
software, could confirm if there were any hot spots requiring further decontamination. This method 
could also estimate the quantity of nuclear material associated with the item. After measurement, these 
large items were sent for cementation in a Konrad container. This material removal work was 
completed in August 2001 and was accompanied by a fully acceptable nuclear material ending balance 
for the fabrication phase of the facility. 

Decommissioning of the MOX facility got underway in August 2001, the aim being to release the site 
and the remaining buildings for non-nuclear reuse. Some decommissioning work is still going on in 
2006. However, the nuclear part (i.e. where all the measurable quantities of nuclear material had been 
removed) finished in 2005. In September 2005, a final inspection took place confirming that there was 
no longer any nuclear material left at the plant in measurable (safeguardable) quantities. 

Concerning the nuclear material accountancy, the reporting requirements set out in the EC safeguards 
Regulation had to be respected. The Regulation stipulates specific accountancy codes, called Inventory 
Change codes, to be used for the various types of transactions and movements of nuclear material to, 
from or within a facility.  

For the Siemens MOX nuclear material accountancy reporting needs, material recovered during the 
clean-out operations was brought back onto the books as a New Measurement declaration. Material 
being placed in the cemented 200 litre drums was temporally removed from reporting requirements by 
being booked out as retained waste. Material being placed into the Konrad containers was brought 
back onto the books from the retained waste and then sent to conditioned waste [1]. 

3. The safeguards implementation scheme 
Because both the EC and the IAEA were involved, it was important that the safeguards 
implementation scheme allowed each organisation to independently achieve its goals without 
duplicating effort or placing additional burden upon the operator. In particular, the requirements of the 
Agreement INFCIRC/193 and the Regulation 3227/76 (valid at the time), had to be met for the two 
inspectorates respectively.  

As a consequence of the special nature of the decommissioning process, two additional objectives 
could be identified. The first concern was the material recovered as part of the clean-out operations. 
What was important to the safeguards authorities was to verify that the best possible measurements 
were made on this difficult to assay material.  

The second concerned the material going to conditioned waste, i.e. into the Konrad containers. At this 
stage, the safeguards authorities had to satisfy themselves that the material was sufficiently dispersed 
so as to be no longer economically interesting for diversion to other uses or in nuclear weapons. The 
Agency’s criterion applied was a maximum of 160 grams of plutonium for one cubic metre of 
concrete. This worked out at circa 32 grams per 200 litre drum. The EC services do not have any 
equivalent guidelines because legally there is no end point to Euratom safeguards. In practice, 
however, the EC could satisfy itself that material so treated could not be used for other purposes and 
did not require regular reporting nor subjected it to routine inspections. 

Article 78 of the Euratom Treaty puts obligation on the nuclear operators to declare to the Commission 
the basic technical characteristics (BTC) of their installation (also known as Design Information). 
Following the receipt from the Siemens operator of the facility’s modified Basic Technical 
Characteristics, the European Commission services, the IAEA and the Siemens operator worked 
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characteristics and nuclear material accounting. Nuclear material accounting refers to the activities 
carried out to establish the quantities of nuclear material present within defined areas and the changes 
in those quantities within defined periods.  

Nuclear material accountancy is the practice of nuclear material accounting by the operator of nuclear 
installations and, where applicable, the State, as well as the verification and evaluation of this 
accounting system by a safeguards authority with subsequent statements of results and conclusions 
making it possible to determine the degree of assurance provided by the safeguards measures. 

Since 2004 the Commission has undertaken to revise its strategy for improved nuclear safeguards 
effectiveness and efficiency in the Community, by adopting a document outlining the fundamental 
principles of an improved approach for meeting the objectives of the Community nuclear safeguards.  

Modern safeguards are implemented throughout the different stages of the life-cycle of a nuclear plant: 
from the design, construction, commissioning and operation stages through to its clean-out and 
eventual decommissioning. Decommissioning forms an integral part of a nuclear facility’s life-cycle, 
but it is the phase in which the technical challenges, safety & security concerns and radio-protection 
aspects change significantly and present different challenges. A decommissioned facility is one at 
which the residual structures and equipment essential for its operations have been removed or rendered 
inoperable, so that it is not used to store and can no longer be used to handle, process or utilise nuclear 
material. In the case of a bulk handling facility this means that all measurable quantities of nuclear 
material have been removed. 

In a fuel fabrication facility the nuclear material control concepts and procedures deployed during the 
plant’s operation and subsequent clean-out, as well as the safeguards implementation scheme applied, 
are no longer applicable in the decommissioning stages. Even higher attention is needed on safeguards 
issues since the operator is usually changing the company structure for decommissioning and the plant 
stops having commercial interest. 

Key aspects such as work processes, throughput, type and flow of nuclear material, waste volumes, 
methods of measurement and their degree of accuracy, as well as nuclear material inventory are so 
different from those of an operating fabrication facility that it is necessary to re-examine and adapt the 
safeguards requirements. 

This task, which needed a close co-operation between the EC, the IAEA and Siemens, the operator, 
regarding safeguards requirements and options, was jointly embarked upon by these three bodies. This 
co-operation started in 2000 and was concluded in October 2002. The two inspectorates continued 
improving the safeguards implementation scheme and implemented it until the facility’s nuclear 
accountancy books were finally closed. 

2. The clean-out process 
In the time since the founding of ALKEM GmbH in Karlsruhe in 1965, its relocation to Hanau in 
1970, and the merging of the uranium and mixed-oxide (MOX, mixture of uranium and plutonium 
oxides) facilities at the Hanau site in 1988 to form the Siemens fuel assembly manufacturing plant, 
approximately 8.5 tonnes of plutonium were processed at the MOX facility to make 26,000 MOX fuel 
rods up until its shutdown in 1991. As a consequence of the decision to abandon fuel fabrication 
activities at the Hanau site, the clean-out of the MOX facility was started in 1997.  

This involved processing the nuclear material that was still inside the facility into transportable units, 
so-called MOX “storage assemblies” and “MOX storage rods”. These were then shipped to Cogema at 
La Hague, in France for reprocessing, without passing through a reactor. During this clean-out phase 
the safeguards implementation scheme was much the same as applied during the normal operation 
phase. 

The vast majority of the waste material, contaminated equipment etc. could be made into small enough 
packages to be processed into 200 litre drums. Many of these existed prior to decommissioning as a 
result of normal waste production during the operating life of the plant, (about 4000 drums from 
Siemens MOX and a further 2500 drums from Siemens Uran, ex-RBU). All the material in these 
drums was measured by the operator, either as small packages or as complete drums, to determine the 
nuclear material content. The drums were then sent to be compacted and cemented, typically three 

waste drums making one cemented drum. After cementation the drums went to a purpose-built facility, 
the “Gebäude für Abfallendkonditionierung” (GefA) which became operational in July 2002. There, 
the drums were placed in special containers, licensed for a minimum of 30 years, known as Konrad 
Type VI. Normally 10 drums were placed in each Konrad container. These containers were then also 
filled with cement before being stored in a special area at another part of the Hanau site. 

A few items which were too large to fit in the 200 litre drums were assayed using special non 
destructive assay (NDA) equipment originally developed by BNFL, UK, known as DISPIMs, 
(Decommissioning In-Site Plutonium Inventory Monitor). These were slab shaped neutron and gamma 
monitors that could be assembled around a large object and then, through the use of sophisticated 
software, could confirm if there were any hot spots requiring further decontamination. This method 
could also estimate the quantity of nuclear material associated with the item. After measurement, these 
large items were sent for cementation in a Konrad container. This material removal work was 
completed in August 2001 and was accompanied by a fully acceptable nuclear material ending balance 
for the fabrication phase of the facility. 

Decommissioning of the MOX facility got underway in August 2001, the aim being to release the site 
and the remaining buildings for non-nuclear reuse. Some decommissioning work is still going on in 
2006. However, the nuclear part (i.e. where all the measurable quantities of nuclear material had been 
removed) finished in 2005. In September 2005, a final inspection took place confirming that there was 
no longer any nuclear material left at the plant in measurable (safeguardable) quantities. 

Concerning the nuclear material accountancy, the reporting requirements set out in the EC safeguards 
Regulation had to be respected. The Regulation stipulates specific accountancy codes, called Inventory 
Change codes, to be used for the various types of transactions and movements of nuclear material to, 
from or within a facility.  

For the Siemens MOX nuclear material accountancy reporting needs, material recovered during the 
clean-out operations was brought back onto the books as a New Measurement declaration. Material 
being placed in the cemented 200 litre drums was temporally removed from reporting requirements by 
being booked out as retained waste. Material being placed into the Konrad containers was brought 
back onto the books from the retained waste and then sent to conditioned waste [1]. 

3. The safeguards implementation scheme 
Because both the EC and the IAEA were involved, it was important that the safeguards 
implementation scheme allowed each organisation to independently achieve its goals without 
duplicating effort or placing additional burden upon the operator. In particular, the requirements of the 
Agreement INFCIRC/193 and the Regulation 3227/76 (valid at the time), had to be met for the two 
inspectorates respectively.  

As a consequence of the special nature of the decommissioning process, two additional objectives 
could be identified. The first concern was the material recovered as part of the clean-out operations. 
What was important to the safeguards authorities was to verify that the best possible measurements 
were made on this difficult to assay material.  

The second concerned the material going to conditioned waste, i.e. into the Konrad containers. At this 
stage, the safeguards authorities had to satisfy themselves that the material was sufficiently dispersed 
so as to be no longer economically interesting for diversion to other uses or in nuclear weapons. The 
Agency’s criterion applied was a maximum of 160 grams of plutonium for one cubic metre of 
concrete. This worked out at circa 32 grams per 200 litre drum. The EC services do not have any 
equivalent guidelines because legally there is no end point to Euratom safeguards. In practice, 
however, the EC could satisfy itself that material so treated could not be used for other purposes and 
did not require regular reporting nor subjected it to routine inspections. 

Article 78 of the Euratom Treaty puts obligation on the nuclear operators to declare to the Commission 
the basic technical characteristics (BTC) of their installation (also known as Design Information). 
Following the receipt from the Siemens operator of the facility’s modified Basic Technical 
Characteristics, the European Commission services, the IAEA and the Siemens operator worked 
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together to produce a safeguards approach compatible with the requirements of both inspectorates. 
This was produced in April 2001 and formed the basis for inspection activities. 

The implementation scheme [2] can be divided into the following four areas:  

3.1. Initial verification of basic technical characteristics, BTCs 
The existing BTCs were extensively modified by the operator to provide a comprehensive description 
of the plant under the changed conditions. 

The description in the BTCs included: 

� The condition of the plant: in particular, which equipment had been made inoperable, what 
equipment and services would still be needed during decommissioning and what new equipment 
and systems had to be installed specially for the decommissioning; 

� Process Engineering: this included details of the treatment processes for the nuclear material 
arising from the decommissioning; 

� Nuclear material inventory and whereabouts: this included details of nuclear material still 
present in the plant at the start of decommissioning together with information on where it was 
stored and the intended schedule of its shipment off-site. Also included were estimates of the 
quantity and volume of nuclear material arising from decommissioning; 

� Nuclear material throughput and concentrations; 

� Points in the process suitable for the measurement of nuclear material by the operator and by the 
inspectors to verify material flows; 

� A description of the Nuclear Material Accountancy System including detailed reference to the 
operator’s structure and procedures for accounting and control of his nuclear material inventory. 

This document was received well before the start of decommissioning and its contents and 
implementation were satisfactorily verified by the two inspectorates. 

3.2. Re-verification of the BTCs 
The inspectors made regular checks at the plant (normally during the routine monthly inspections), on 
the changes resulting from the decommissioning and the continued validity of the BTCs. Important 
changes were notified to both organisations in advance by the operator. The operator also provided 
regular updates on the progress of the decommissioning project. 

3.3. Flow verification 
The inspectors from both organisations were present once every month at the Siemens 
Decommissioning Project. They verified the declarations on the flows of nuclear material resulting 
from the decommissioning activities. This was done by concentrating on two key measurement points: 

� Measurement Point 1: This was where the material was assayed prior to bringing it back onto 
the inventory. The majority of the material was measured by the operator in the 200 litre drums 
by a gamma and neutron measuring instrument. Small packages were gamma measured for 
isotopic concentration and then with a neutron coincidence counter. These small packages 
where then placed in a 200 litre drum, the declared weights being based upon the addition. The 
safeguards verification each month was carried out by a mixture of observing the operator’s 
measurements, asking the operator to re-measure a few randomly selected drums and by 
checking the instrument by using specially prepared and sealed drum standards. At the time of 
the inspection all the drums awaiting cementation were item counted and their identification 
checked against the operator’s records.  

� Measurement Point 2: This was where the nuclear material was stored just before placing into 
the Konrad container and declared as condition waste. Each month the operator provided the 
inspectors with a list of drums stored at GefA and which were due to be placed in Konrad 

containers in the following five week period. These were item counted and their identification 
checked against the operating records.  

3.4. Physical inventory verification (PIV) 
Once a year, the operator was taking a physical inventory of all the nuclear material at the installation, 
in order to produce a List of Inventory Items (LII). This was then verified by the EC and IAEA 
inspectors through a combination of item counting, identification, containment and surveillance 
evaluation and NDA measurements.  

The activities already described under flow verification were sufficient for verifying the waste 
inventory. The inventory verification did not last more than two days and the verification activities had 
minimal impact on the decommissioning work. 

4. Experience gained 
Four important factors were identified in helping with the success of developing and applying the 
safeguards implementation scheme for the decommissioning of this MOX fabrication plant: 

� Good working relations between the representatives of the three organisations involved; 

� Timeliness in producing the key documentation, such as the modified BTC; 

� Extensive knowledge of the plant during the operational phase by the inspectors involved in 
developing the safeguards implementation scheme; 

� The ability of the operator to develop a nuclear material accounting and control system which 
was transparent and fully reflected his responsibilities. 

Furthermore, the measuring systems deployed satisfied all requirements associated with the difficult 
tasks of measuring relatively low concentrations of nuclear material in waste and, in the case of 
cemented waste drums, in waste that is encapsulated in a concrete matrix, as well as the related 
requirements for recording and verification. 

The experience gained in safeguarding the Siemens MOX fabrication plant was also a topic closely 
followed by the European Safeguards Research and Development Association (ESARDA) MOX 
Working Group, disseminating information amongst all EU MOX fabrication plant operators. 

5. Future prospects 
The experience gained in MOX Hanau can serve as a valuable guide for the safeguarding of other 
facilities undergoing decommissioning. In the case of Belgonucleaire the similarities are more than 
obvious. Belgonucleaire is a MOX fabrication plant in a EU NNWS and its safeguarding is jointly 
implemented by the European Commission’s services and the IAEA.  

The Belgonucleaire MOX plant was expected to shut down in the summer 2006, major clean-out 
operations to be completed before the end of 2006 and material to be shipped out by early 2007. The 
needed time to obtain the necessary licenses before decommissioning can start is expected to be 2-4 
years. During this time a limited number of small clean-outs are expected to take place. Once started, 
decommissioning is expected to last 3 to 5 years. During the clean-out phase all nuclear material is 
foreseen to be processed into MOX pellets and shipped to its owners in FS47 containers. These will be 
measured by the existing unattended measurement station. The same drum monitor as in Siemens 
Hanau will be used for waste arising in Belgonucleaire. Measurements will be easier, as these drums 
will not be cemented. No slab monitor will be used for large items as they are foreseen to be cut up 
and put into drums. The waste drums will all be measured at Belgonucleaire and will be sent to 
Belgoprocess for conditioning.  

Following the successful example of MOX Hanau, the three actors in Belgonucleaire (operator, EC, 
and IAEA), can co-ordinate their actions based on proven techniques with emphasis to careful 
planning and testing of the decommissioning concept, aiming at an effective and efficient safeguards 
implementation scheme. 
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together to produce a safeguards approach compatible with the requirements of both inspectorates. 
This was produced in April 2001 and formed the basis for inspection activities. 

The implementation scheme [2] can be divided into the following four areas:  
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The existing BTCs were extensively modified by the operator to provide a comprehensive description 
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� The condition of the plant: in particular, which equipment had been made inoperable, what 
equipment and services would still be needed during decommissioning and what new equipment 
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� Process Engineering: this included details of the treatment processes for the nuclear material 
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� Nuclear material inventory and whereabouts: this included details of nuclear material still 
present in the plant at the start of decommissioning together with information on where it was 
stored and the intended schedule of its shipment off-site. Also included were estimates of the 
quantity and volume of nuclear material arising from decommissioning; 
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� Points in the process suitable for the measurement of nuclear material by the operator and by the 
inspectors to verify material flows; 

� A description of the Nuclear Material Accountancy System including detailed reference to the 
operator’s structure and procedures for accounting and control of his nuclear material inventory. 

This document was received well before the start of decommissioning and its contents and 
implementation were satisfactorily verified by the two inspectorates. 

3.2. Re-verification of the BTCs 
The inspectors made regular checks at the plant (normally during the routine monthly inspections), on 
the changes resulting from the decommissioning and the continued validity of the BTCs. Important 
changes were notified to both organisations in advance by the operator. The operator also provided 
regular updates on the progress of the decommissioning project. 

3.3. Flow verification 
The inspectors from both organisations were present once every month at the Siemens 
Decommissioning Project. They verified the declarations on the flows of nuclear material resulting 
from the decommissioning activities. This was done by concentrating on two key measurement points: 

� Measurement Point 1: This was where the material was assayed prior to bringing it back onto 
the inventory. The majority of the material was measured by the operator in the 200 litre drums 
by a gamma and neutron measuring instrument. Small packages were gamma measured for 
isotopic concentration and then with a neutron coincidence counter. These small packages 
where then placed in a 200 litre drum, the declared weights being based upon the addition. The 
safeguards verification each month was carried out by a mixture of observing the operator’s 
measurements, asking the operator to re-measure a few randomly selected drums and by 
checking the instrument by using specially prepared and sealed drum standards. At the time of 
the inspection all the drums awaiting cementation were item counted and their identification 
checked against the operator’s records.  

� Measurement Point 2: This was where the nuclear material was stored just before placing into 
the Konrad container and declared as condition waste. Each month the operator provided the 
inspectors with a list of drums stored at GefA and which were due to be placed in Konrad 

containers in the following five week period. These were item counted and their identification 
checked against the operating records.  

3.4. Physical inventory verification (PIV) 
Once a year, the operator was taking a physical inventory of all the nuclear material at the installation, 
in order to produce a List of Inventory Items (LII). This was then verified by the EC and IAEA 
inspectors through a combination of item counting, identification, containment and surveillance 
evaluation and NDA measurements.  

The activities already described under flow verification were sufficient for verifying the waste 
inventory. The inventory verification did not last more than two days and the verification activities had 
minimal impact on the decommissioning work. 

4. Experience gained 
Four important factors were identified in helping with the success of developing and applying the 
safeguards implementation scheme for the decommissioning of this MOX fabrication plant: 

� Good working relations between the representatives of the three organisations involved; 

� Timeliness in producing the key documentation, such as the modified BTC; 

� Extensive knowledge of the plant during the operational phase by the inspectors involved in 
developing the safeguards implementation scheme; 

� The ability of the operator to develop a nuclear material accounting and control system which 
was transparent and fully reflected his responsibilities. 

Furthermore, the measuring systems deployed satisfied all requirements associated with the difficult 
tasks of measuring relatively low concentrations of nuclear material in waste and, in the case of 
cemented waste drums, in waste that is encapsulated in a concrete matrix, as well as the related 
requirements for recording and verification. 

The experience gained in safeguarding the Siemens MOX fabrication plant was also a topic closely 
followed by the European Safeguards Research and Development Association (ESARDA) MOX 
Working Group, disseminating information amongst all EU MOX fabrication plant operators. 

5. Future prospects 
The experience gained in MOX Hanau can serve as a valuable guide for the safeguarding of other 
facilities undergoing decommissioning. In the case of Belgonucleaire the similarities are more than 
obvious. Belgonucleaire is a MOX fabrication plant in a EU NNWS and its safeguarding is jointly 
implemented by the European Commission’s services and the IAEA.  

The Belgonucleaire MOX plant was expected to shut down in the summer 2006, major clean-out 
operations to be completed before the end of 2006 and material to be shipped out by early 2007. The 
needed time to obtain the necessary licenses before decommissioning can start is expected to be 2-4 
years. During this time a limited number of small clean-outs are expected to take place. Once started, 
decommissioning is expected to last 3 to 5 years. During the clean-out phase all nuclear material is 
foreseen to be processed into MOX pellets and shipped to its owners in FS47 containers. These will be 
measured by the existing unattended measurement station. The same drum monitor as in Siemens 
Hanau will be used for waste arising in Belgonucleaire. Measurements will be easier, as these drums 
will not be cemented. No slab monitor will be used for large items as they are foreseen to be cut up 
and put into drums. The waste drums will all be measured at Belgonucleaire and will be sent to 
Belgoprocess for conditioning.  

Following the successful example of MOX Hanau, the three actors in Belgonucleaire (operator, EC, 
and IAEA), can co-ordinate their actions based on proven techniques with emphasis to careful 
planning and testing of the decommissioning concept, aiming at an effective and efficient safeguards 
implementation scheme. 
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The new safeguards approach applied by the European Commission is oriented towards assessing the 
reliability of the operator’s own control systems, effectively auditing them as “fit for purpose”. Along 
with some of the existing measurement activities, confidence in the operator, as the first-line defense 
against non-compliance, has become a key component in safeguards implementation.    

6. Conclusion 
In retrospect, the careful planning, timely communication and co-operation between the three major 
players lead to a workable safeguards implementation scheme that met in full the requirements and 
objectives of both inspectorates, without adverse impact on the operator during the execution of his 
decommissioning activities. The valuable experience gained is now readily transferable to future 
applications in other MOX fabrication plants in the EU. 

REFERENCES 
[1] MORTON, C.A.G., SONDERMANN, T., “Safeguarding a MOX Fabrication Plant during 

the Decommissioning Phase”, presented at the Tripartite Seminar on Assessment of Nuclear 
Materials Content and Inventory By-product Streams, Obninsk, 14-18 October 2002. 

[2] SONDERMANN, T., MORTON, C.A.G., “Safeguards during Decommissioning of the 
Former Siemens MOX Fuel Fabrication Facility at Hanau”, ATW, September 2004. 

   

1

IAEA-CN-143/99 

Specifying permanent shutdown for contaminated facilities: the end points method 
applied to the PBF reactor 

C.A. Negina, A.P. Szilagyib

a Project Enhancement Corporation,  
Germantown, Maryland,  
United States of America 

b Office of Cleanup Technologies,  
U.S. Department of Energy,  
Germantown, Maryland,  
United States of America 

Abstract. The “End Points” methodology provides a systematic way to specify the conditions to be 
established for permanent shutdown of a contaminated facility. The steps to appy this method are described.  The 
Power Burst Facility (PBF), a small research reactor, is included as an example to provide insights for using the 
method. 

1. Introduction 

1.1. Background
New construction projects have very explicit specifications for installation and performance, which 
can be systematically verified with well accepted inspection and testing methods. In contrast, it is 
difficult to establish prescriptive standards for contaminated facilities that are to be permanently shut 
down. Each such facility has unique initial conditions resulting from operating history, degree and 
type of contamination, time when constructed, connections to other buildings and systems  and others. 

One method successfully used to plan contaminated facility shutdown is call “End Points.” The 
concept originated in the mid 1980’s during the cleanup of Three Mile Island Unit 2 (TMI-2).  The 
need for developing this method arose to address the question of how to reduce the high number of 
on-site workers and support staff as the cleanup progressed towards completion. 

The end points method was modified and expanded in 1994 at the US Department of Energy 
Environmental Management (DOE-EM) Hanford site when it was used for  deactivating1 the Uranium 
Trioxide (UO3) and PUREX facilities. Since then, end points have evolved as a key planning method 
for cleanup projects of DOE-EM. In the TMI-2 case, planning was focused primarily on radiological 
conditions and stability of contaminated fluids. As evolved in the past several years within DOE-EM, 
the physical conditions addressed have been expanded. In addition, administrative end points can also 
be included. 

1.2. Purpose
The key to the end points method is its approach, which systematically lists all the systems, major 
equipment, and spaces within and external to the facility; and for each specifies the conditions that 
will define the deactivated state. The purpose of this paper is to describe the application of the end 
points method as used within DOE-EM. The method is demonstrated with an example of a small 
research reactor.  

                                                     

1 “Deactivation” may be an unfamiliar term in the international community.  After the operational mission is 
complete, a deactivation project is the activities that place a facility in a safe, permanent shutdown condition that 
is low risk, and economical to monitor and maintain for an extended period until the eventual 
decommissioning/demolition of the facility. 
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The new safeguards approach applied by the European Commission is oriented towards assessing the 
reliability of the operator’s own control systems, effectively auditing them as “fit for purpose”. Along 
with some of the existing measurement activities, confidence in the operator, as the first-line defense 
against non-compliance, has become a key component in safeguards implementation.    

6. Conclusion 
In retrospect, the careful planning, timely communication and co-operation between the three major 
players lead to a workable safeguards implementation scheme that met in full the requirements and 
objectives of both inspectorates, without adverse impact on the operator during the execution of his 
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need for developing this method arose to address the question of how to reduce the high number of 
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for cleanup projects of DOE-EM. In the TMI-2 case, planning was focused primarily on radiological 
conditions and stability of contaminated fluids. As evolved in the past several years within DOE-EM, 
the physical conditions addressed have been expanded. In addition, administrative end points can also 
be included. 

1.2. Purpose
The key to the end points method is its approach, which systematically lists all the systems, major 
equipment, and spaces within and external to the facility; and for each specifies the conditions that 
will define the deactivated state. The purpose of this paper is to describe the application of the end 
points method as used within DOE-EM. The method is demonstrated with an example of a small 
research reactor.  

                                                     

1 “Deactivation” may be an unfamiliar term in the international community.  After the operational mission is 
complete, a deactivation project is the activities that place a facility in a safe, permanent shutdown condition that 
is low risk, and economical to monitor and maintain for an extended period until the eventual 
decommissioning/demolition of the facility. 
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1.3. What is the end points method 
Specifying and achieving end points is a technically focused approach for proceeding from an existing 
condition to a stated desired final set of conditions in which the facility can be economically 
monitored and maintained. The method translates broad objectives to explicit goals that are readily 
understood by engineers and workers in the field. Compiling end point specifications for the entire 
facility has the following uses during and/or after conduct of the work:  

� As input for scheduling and estimating the project cost;  

� To create detailed work plans for each space and system in the facility;  

� To document bases for contracting or out-sourcing of work; in effect, to become part of the 
performance specifications;  

� To demonstrate conformance to agreements negotiated with third parties who have a legitimate 
interest in the condition of the facility after deactivation;  

� To show compliance with government rules and regulations. 

It is important to understand that an end point specifies what is to be achieved, but not how.  Field 
personnel must be allowed flexibility for implementing end points because conditions may be 
encountered that are not foreseen by planners. 

Another development by DOE-EM is the extension of the end points to administrative conditions in 
addition to physical ones. Administrative end points mostly specify records that are to be created 
and/or archived at the completion of the project. 

Further elaboration for applying end points, including administrative end points, can be found at the 
Ref Error! Reference source not found. web site. 

2. The power burst facility end points  

2.1. The PBF facility 
The Power Burst Facility (PBF) is the example in this paper.  PBF went critical on September 1972 at 
the Idaho Nuclear Energy Laboratory and operated until February 1985. The reactor and associated 
experiment test loop was used to conduct fuel experiments to simulate a variety of accidents. The PBF 
had capabilities to test reactivity initiated accidents, power cooling-mismatch accidents, anticipated 
transient with and without scram, loss of coolant accidents, and severe fuel damage accidents. The 
core was removed from the reactor vessel in 1987 and was placed in storage racks in the PBF canal.  
The PBF reactor building contained the reactor vessel, storage canal with stored fuel, and associated 
reactor equipment, offices, and utility rooms. The building consisted of a reactor high bay and two 
attached single story wings at ground level, and two basement levels below the high bay. 

The facility is currently being demolished. 

2.2. The end point process applied to PBF 
The end point process adapted for PBF is shown in Figure 1 as a sequence of seven steps. The 
objectives are implemented with a general set of criteria (center of Figure 1), derived from the overall 
state to be achieved (left side of Figure 1), that are applied to the specific characteristics of PBF (right 
side of Figure 1), to arrive at project and facility specific end points (bottom of the figure). 

Step 1. 
Objectives

Step 2. 
End State Vision

Step 4. 
Completion Criteria

Step 5. 
Facility Spaces

& Systems

Step 6. 
Groups

Step 3. 
After Deactivation

S&M

Step 7. 
End Point

Specifications

Figure 1.  End Points Development Steps for PBF 

2.2.1. Step 1, Shutdown objectives 
The first step ensures that the work being conducted is based on the shutdown objectives.  It is 
important to be able to trace a specified end point to one of these objectives via the criteria, else work 
may be conducted that is not necessary. The PBF deactivation objectives are listed in Table 1 along 
with their bases.  These provide the high level drivers for the shutdown project. In this example they 
are general and apply to almost any facility being shut down, recognizing that the regulatory order and 
guidance will be country-specific.  At other facilities within DOE-EM, objectives have been included 
that are requirements of the site. 

Table 1. PBF Deactivation Objectives for Deriving End Points 

Objectives Basis 

1. Comply with DOE Life Cycle Asset 
Management Order, DOE O 430.1A 

Objectives of the DOE G 430.1-3, Deactivation 
Implementation Guide.

2. Protect the Public and the Environment Standard deactivation and deactivation end point 
objectives  (See DOE G 430.1-3) 

3. Protect the S&M Worker Standard deactivation and deactivation end point 
objectives  (See DOE G 430.1-3) 

4. Facilitate Future D&D Standard deactivation end point objectives applied to 
ensure that facility cranes will be available for facility 
demolition. 
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2.2.2. Step 2, The end state vision 
The end state vision is a high level view of the overall facility conditions.  This is especially useful for 
deciding what will systems and equipment will remain operational and what features need to be put in 
summarized as: place to prevent migration of contamination to the environment. For PBF, the end 
state vision was: 

� The facility is unoccupied and locked to prevent unauthorized entry;  

� No systems will be active with the exception of minimal 120 volt2 convenience lighting and 
outlets. All other energy sources will be isolated or removed;   

� To prevent uncontrolled exfiltration from cubicles3 10 and 13, passive breathing vents with 
HEPA filter are installed; 

� No systems or tanks, either fixed or portable, will remain pressurized.  They will have been 
emptied or removed. All contaminated water has been removed except where impractical to do 
so;

� Hazardous materials have been removed or stabilized.  Nuclear fuel, materials, and sources have 
been removed. Contamination is contained to prevent migration to the environment; 

� A safety analysis has been performed for the deactivated state and PBF has been re-classified 
either as a low nuclear hazard facility;  

� Conditions have been established such that special operational knowledge of the facility 
systems will not be required to proceed to demolition. Operation of the control center is not 
needed for any future monitoring or operations; 

� Minimal post-deactivation S&M is conducted. Entries to the facility are conducted for a limited 
number of reasons, as indicated in the S&M description that follows. 

2.2.3. Step 3, After-deactivation surveillance and maintenance 
The surveillance and maintenance anticipated following deactivation helps determine what is required 
to protect the health and safety of personnel that make entries for periodic inspection. After-
deactivation activities for PBF are summarized in Table 2. Readers should note that this S&M schema 
was created during planning. A more detailed S&M plan and related procedures are written as the 
deactivation project proceeds. 

                                                     

2 120 volts is standard in the US for office and residentual circuits. 
3 Cubicles 10 and 13 were highly contaminated enclosures that contained experimental equipment. 

Table 2 – After-Deactivation S&M 

Activity Description Frequency 

General walk through General observations to determine if 
conditions have changed.  Look for evidence 
of animal intrusion, water in-leakage, and 
structural degradation.  Ensure the facility is 
not being used to store materials from 
elsewhere.  

A checklist or standard routine should be 
created for this purpose. 

Monthly for 3 months, then 
quarterly. 

Response Inspection Look for structural damage or leakage after 
major natural events such as heavy 
snowstorms, grasslands fire, and earthquake. 

Upon condition. 

Structural and roof 
inspection 

Expert evaluation for degradation and 
possible need for repair to maintain 
contamination control boundary and to 
obviate in-leakage from rain and snow. 

Infrequent.  5 years, more 
frequently if degradation 
becomes significant. 

Radiological survey Survey for changes in radiological conditions 
or significant migration of contamination.  
Verify isolation of cubicles 10 and 13, sub 
pile enclosure, and warm waste room.  A 
status report should be maintained and 
updated to trend conditions. 

Annually or as specified by 
the site’s radiological controls 
manual for isolated, inactive 
facilities. 

S&M passive HEPA 
filters on cubicle 10 
and 13. 

Inspect and survey to determine if any loading 
is occurring.  Verify filters are in good 
condition.

Annually.  Replace every 5 
years. 

Other maintenance Conduct maintenance revealed by the above 
inspections. 

As needed. 

2.2.4. Step 4, Completion criteria 
The criteria subjects and statements in Table 3 have been derived from ones applied previously to 
many excess facilities. Experience has proven them to result in a comprehensive set of end points.   
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Table 3 – PBF Deactivation Criteria for Deriving End Points 

Criteria Subjects Criteria Statements 

1. Structural and 
Boundary Integrity 

Structural and boundary integrity will be such that:  1) inspection 
personnel are safe, 2) contamination or hazardous materials remaining in 
the facility are contained, and 3) intrusion by unauthorized personnel, as 
well as animals and plants, are prevented. 

2. Nuclear Materials Special nuclear material and nuclear fuel will be removed. Residual 
fissile material will be reduced to a level such that criticality cannot 
occur. 

3. Hazardous Materials Hazardous materials and chemicals will be removed in accordance with 
environmental regulations. Where feasible, accepted environmental 
concentrations will be achieved for listed materials.  Fixed in place 
hazardous materials remaining in the facility will be contained in limited 
areas or stabilized to prevent release. The amount and location of 
remaining hazardous materials will be documented. 

4. Process Systems and 
Equipment  

Process systems and equipment have been abandoned in place, isolated or 
sealed off for safety of future personnel, or removed where there is a 
compelling reason to do so. 

5. Service and Utility 
Systems and 
Equipment 

Only systems required to support S&M and maintain the stable condition 
are operational. Equipment that has been judged to be valuable for future 
decommissioning work (such as elevators or cranes) has been mothballed 
for future use. Other utility systems will be abandoned in place, isolated 
or sealed off for safety of personnel, or removed where there is a 
compelling reason to do so.   

6. Personnel Safety Inspection personnel are safeguarded by stable conditions, postings, and 
written procedures that have been established in accordance with standard 
procedures for radiological protection and industrial safety practice. 

7. Waste and Liquid 
Effluents 

Waste will have been removed to the extent practical.  Waste may remain 
if removal is with extreme difficulty or if removal is not  in accordance 
with ALARA principles.   

The only liquids remaining are minor quantities that cannot be readily 
removed with installed equipment. 

8. Radiation Protection Established in accordance with standard procedures. In particular, the 
S&M walk-through path will be subjected to ALARA review. 
Contamination remaining in the facility will be contained in limited areas 
or stabilized to prevent release. 

9. Housekeeping and 
Miscellaneous 
Materials 

Classified and valuable materials will be removed. Trash and non-
contaminated furniture, loose equipment, etc. will be removed. 

2.2.5. Steps 5 and 6, Spaces, systems and groups 
The organization of end points focuses primarily on the physical features (spaces and systems) of PBF 
and ancillary facilities.  This was organized by six “Groups,” which refers to logical grouping of end 
points, based on similar physical features of the facility.  In addition, a seventh  “catch all” group was 
included for facility-wide and project-wide end points.  The list of spaces and systems at PBF and their 
groups are as follows. 

Group 1:  Internal Spaces, routine access – spaces that will require periodic inspection after 
deactivation is complete.

Space Comment 

PBF-620 rooms 101, 102, 103, 104, 105, 106, 
107, 109, 110, Offices 111-118, A101/A103, 
B105/106/107, B108, and chemical laboratory in 
first basement 

Maintain some 120 V facility lighting to facilitate 
periodic walk through inspections. 

PBF Area Buildings 604, 606, 620, 621, 624, 625, 
627, 629, and 634 

Maintain some 120 V facility lighting to facilitate 
periodic walk through inspections. 

Group 2: Internal Spaces non-routine access – spaces that will not require access after deactivation, 
along with the reason. 

Space Comment 

PER-620 rooms A102 Loop Cubicle 10/Cubicle 
13, B101 Warm Waste Room, B102 Subpile 
Room, B103 Knockout Drum Room, and B104 
Waste Gas Exhaust Room  

No routine access due to contamination and/or 
high radiation levels. 

Group 3: External Spaces, building exterior – the facilities, outbuildings, or structures exterior to the 
main PBF Reactor building.

Space Comment 

620 Roof , 706 Evaporation Pond , 719 
Transformer Yard, 722 Fuel Oil Storage Tank, 
723 Nitrogen Storage Pad, 731 Corrosive Waste 
Lift Station, 732 Hot Waste Storage Tank, and 
PBF Yards 

Acid storage drums, propane tanks, leaking fuel 
oil storage tank, and boiler blowdown area are the 
most significant issues.  Nitrogen tanks are empty 
and out of service.  The access tunnel leading to 
building 620 is contaminated. 

Evaluate and ensure facility and roof structural 
integrity for 5 years. 

Group 4: Operational Systems – The end state will require some systems and equipment to remain 
operable for S&M or D&D. 

System and Equipment Reason for Remaining Operational 

Electric Supply & Distribution Lighting necessary to perform surveillances 

Passive Filter Venting System A venting system is necessary for Cubicles 10 and 
13.  An engineered passive system is 
recommended in order to shut down the H&V 
system 
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Table 3 – PBF Deactivation Criteria for Deriving End Points 

Criteria Subjects Criteria Statements 

1. Structural and 
Boundary Integrity 

Structural and boundary integrity will be such that:  1) inspection 
personnel are safe, 2) contamination or hazardous materials remaining in 
the facility are contained, and 3) intrusion by unauthorized personnel, as 
well as animals and plants, are prevented. 

2. Nuclear Materials Special nuclear material and nuclear fuel will be removed. Residual 
fissile material will be reduced to a level such that criticality cannot 
occur. 

3. Hazardous Materials Hazardous materials and chemicals will be removed in accordance with 
environmental regulations. Where feasible, accepted environmental 
concentrations will be achieved for listed materials.  Fixed in place 
hazardous materials remaining in the facility will be contained in limited 
areas or stabilized to prevent release. The amount and location of 
remaining hazardous materials will be documented. 

4. Process Systems and 
Equipment  

Process systems and equipment have been abandoned in place, isolated or 
sealed off for safety of future personnel, or removed where there is a 
compelling reason to do so. 

5. Service and Utility 
Systems and 
Equipment 

Only systems required to support S&M and maintain the stable condition 
are operational. Equipment that has been judged to be valuable for future 
decommissioning work (such as elevators or cranes) has been mothballed 
for future use. Other utility systems will be abandoned in place, isolated 
or sealed off for safety of personnel, or removed where there is a 
compelling reason to do so.   

6. Personnel Safety Inspection personnel are safeguarded by stable conditions, postings, and 
written procedures that have been established in accordance with standard 
procedures for radiological protection and industrial safety practice. 

7. Waste and Liquid 
Effluents 

Waste will have been removed to the extent practical.  Waste may remain 
if removal is with extreme difficulty or if removal is not  in accordance 
with ALARA principles.   

The only liquids remaining are minor quantities that cannot be readily 
removed with installed equipment. 

8. Radiation Protection Established in accordance with standard procedures. In particular, the 
S&M walk-through path will be subjected to ALARA review. 
Contamination remaining in the facility will be contained in limited areas 
or stabilized to prevent release. 

9. Housekeeping and 
Miscellaneous 
Materials 

Classified and valuable materials will be removed. Trash and non-
contaminated furniture, loose equipment, etc. will be removed. 

2.2.5. Steps 5 and 6, Spaces, systems and groups 
The organization of end points focuses primarily on the physical features (spaces and systems) of PBF 
and ancillary facilities.  This was organized by six “Groups,” which refers to logical grouping of end 
points, based on similar physical features of the facility.  In addition, a seventh  “catch all” group was 
included for facility-wide and project-wide end points.  The list of spaces and systems at PBF and their 
groups are as follows. 

Group 1:  Internal Spaces, routine access – spaces that will require periodic inspection after 
deactivation is complete.

Space Comment 

PBF-620 rooms 101, 102, 103, 104, 105, 106, 
107, 109, 110, Offices 111-118, A101/A103, 
B105/106/107, B108, and chemical laboratory in 
first basement 

Maintain some 120 V facility lighting to facilitate 
periodic walk through inspections. 

PBF Area Buildings 604, 606, 620, 621, 624, 625, 
627, 629, and 634 

Maintain some 120 V facility lighting to facilitate 
periodic walk through inspections. 

Group 2: Internal Spaces non-routine access – spaces that will not require access after deactivation, 
along with the reason. 

Space Comment 

PER-620 rooms A102 Loop Cubicle 10/Cubicle 
13, B101 Warm Waste Room, B102 Subpile 
Room, B103 Knockout Drum Room, and B104 
Waste Gas Exhaust Room  

No routine access due to contamination and/or 
high radiation levels. 

Group 3: External Spaces, building exterior – the facilities, outbuildings, or structures exterior to the 
main PBF Reactor building.

Space Comment 

620 Roof , 706 Evaporation Pond , 719 
Transformer Yard, 722 Fuel Oil Storage Tank, 
723 Nitrogen Storage Pad, 731 Corrosive Waste 
Lift Station, 732 Hot Waste Storage Tank, and 
PBF Yards 

Acid storage drums, propane tanks, leaking fuel 
oil storage tank, and boiler blowdown area are the 
most significant issues.  Nitrogen tanks are empty 
and out of service.  The access tunnel leading to 
building 620 is contaminated. 

Evaluate and ensure facility and roof structural 
integrity for 5 years. 

Group 4: Operational Systems – The end state will require some systems and equipment to remain 
operable for S&M or D&D. 

System and Equipment Reason for Remaining Operational 

Electric Supply & Distribution Lighting necessary to perform surveillances 

Passive Filter Venting System A venting system is necessary for Cubicles 10 and 
13.  An engineered passive system is 
recommended in order to shut down the H&V 
system 
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Group 5: Non-Operational Systems – Most PBF facility systems will not need to be operational prior 
to demolition. These systems will be abandoned in place after removing hazardous fluids and 
materials.

Communication System Loop Cleanup and Decon System 

Cooling Tower Loop Coolant System 

Experiment Fuel Handling System Plant and Instrument Air System 

Fire Protection System Poison Injection System 

Floor Drain System Radiation Monitoring System 

H & V System Reactor Canal 

High Pressure Air System Reactor Cleanup System 

High Pressure Demineralizer System Reactor Vessel System 

Hot Waste Storage Tank Sanitary Waste System 

Liquid Waste System Secondary Coolant System 

LOCA System  

Group 6: Mothballed Systems – Systems and equipment that will be placed in a storage mode for re-
use when demolition activities are initiated. 

System Comment 

5/15 Ton Crane/ 1 Ton Hoist Use for future dismantling and demolition 

Group 7: Overall Project Requirements

This group is for the purpose of assigning end point requirements that apply to the PBF as a whole.  
That is, they are not associated with any specific space or system.  These can be both for physical 
activities and documentation. This group also captures facility wide administrative documents required 
upon completion of deactivation. 

2.2.6. Step 7, End point specifications 
The final step is stating the derived end point specifications.  For purposes of this paper, a few 
example end points are provided corresponding to each of the above groups.  Note that the total 
number of specified end points for PBF was approximately 200. 

Group 1:  Internal Spaces, routine access 

Example Building 620 Chemical Laboratory: 

� Drain liquids from equipment and remove/reuse/recycle/dispose in accordance with regulatory 
requirements:  Fume hood and laboratory equipment on benches;

� Isolate exhausters: Isolate/seal fume hood in room;

� Post remaining industrial hazards; 

� Remove accessible monitoring equipment: RAM located in room;

� Remove/reuse/excess/dispose of hazardous materials/wastes: Lead lined cabinet located in 
room.  Determine contents of cabinet and dispose accordingly.

Group 2: Internal Spaces non-routine access

Example A102 Loop Cubicle 10/Cubicle 13: 

� Identify and post confined space in accordance with approved site procedures; 

� Identify/label instrument tubing/piping leading to high radiation/contamination areas: Between 
Cubicles and room B105; 

� Isolate/seal doors between spaces: Between room and B105/106/107 area; 

� Label space as NO ACCESS ALLOWED. 

Group 3: External Spaces, building exterior

Example Building 620 Roof: 

� Assess structural integrity to ensure integrity for a minimum of five (5) years; 

� Conduct building and roof assessment to ensure prevention of in-leakage for a minimum of five 
(5) years; 

� Isolate/seal vent lines to the atmosphere: Permitted stack gas exhaust;

� Refurbish building/roof in accordance with building and roof assessment findings to ensure 
prevention of in-leakage for a minimum of five (5) years: If required based on the most recent 
inspection conducted within the past 5 years.

Group 4: Operational Systems

Example Passive Filter Venting System: 

� Conduct engineering study to evaluate HVAC requirements: Passive venting system for 
cubicles 10 and 13 to prevent atmospheric pressure changes from pressurizing the cubicles and 
causing spread of contamination.

� Design and implement operational equipment in accordance with engineering study above. 

� Label system/equipment as OPERATIONAL. 

Group 5: Non-Operational Systems

Example Primary Coolant System: 

� Document radiological conditions in final survey report for inclusion in the deactivation 
completion package; 

� Drain liquids from equipment and remove/reuse/recycle/dispose in accordance with regulatory 
requirements; 

� Isolate/seal drains from equipment to the environment; 

� Isolate/seal vents and penetrations to the environment; 

� Leave system drained and vented to atmosphere. 
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Group 5: Non-Operational Systems – Most PBF facility systems will not need to be operational prior 
to demolition. These systems will be abandoned in place after removing hazardous fluids and 
materials.

Communication System Loop Cleanup and Decon System 

Cooling Tower Loop Coolant System 

Experiment Fuel Handling System Plant and Instrument Air System 

Fire Protection System Poison Injection System 

Floor Drain System Radiation Monitoring System 

H & V System Reactor Canal 

High Pressure Air System Reactor Cleanup System 

High Pressure Demineralizer System Reactor Vessel System 

Hot Waste Storage Tank Sanitary Waste System 

Liquid Waste System Secondary Coolant System 

LOCA System  

Group 6: Mothballed Systems – Systems and equipment that will be placed in a storage mode for re-
use when demolition activities are initiated. 

System Comment 

5/15 Ton Crane/ 1 Ton Hoist Use for future dismantling and demolition 

Group 7: Overall Project Requirements

This group is for the purpose of assigning end point requirements that apply to the PBF as a whole.  
That is, they are not associated with any specific space or system.  These can be both for physical 
activities and documentation. This group also captures facility wide administrative documents required 
upon completion of deactivation. 

2.2.6. Step 7, End point specifications 
The final step is stating the derived end point specifications.  For purposes of this paper, a few 
example end points are provided corresponding to each of the above groups.  Note that the total 
number of specified end points for PBF was approximately 200. 

Group 1:  Internal Spaces, routine access 

Example Building 620 Chemical Laboratory: 

� Drain liquids from equipment and remove/reuse/recycle/dispose in accordance with regulatory 
requirements:  Fume hood and laboratory equipment on benches;

� Isolate exhausters: Isolate/seal fume hood in room;

� Post remaining industrial hazards; 

� Remove accessible monitoring equipment: RAM located in room;

� Remove/reuse/excess/dispose of hazardous materials/wastes: Lead lined cabinet located in 
room.  Determine contents of cabinet and dispose accordingly.

Group 2: Internal Spaces non-routine access

Example A102 Loop Cubicle 10/Cubicle 13: 

� Identify and post confined space in accordance with approved site procedures; 

� Identify/label instrument tubing/piping leading to high radiation/contamination areas: Between 
Cubicles and room B105; 

� Isolate/seal doors between spaces: Between room and B105/106/107 area; 

� Label space as NO ACCESS ALLOWED. 

Group 3: External Spaces, building exterior

Example Building 620 Roof: 

� Assess structural integrity to ensure integrity for a minimum of five (5) years; 

� Conduct building and roof assessment to ensure prevention of in-leakage for a minimum of five 
(5) years; 

� Isolate/seal vent lines to the atmosphere: Permitted stack gas exhaust;

� Refurbish building/roof in accordance with building and roof assessment findings to ensure 
prevention of in-leakage for a minimum of five (5) years: If required based on the most recent 
inspection conducted within the past 5 years.

Group 4: Operational Systems

Example Passive Filter Venting System: 

� Conduct engineering study to evaluate HVAC requirements: Passive venting system for 
cubicles 10 and 13 to prevent atmospheric pressure changes from pressurizing the cubicles and 
causing spread of contamination.

� Design and implement operational equipment in accordance with engineering study above. 

� Label system/equipment as OPERATIONAL. 

Group 5: Non-Operational Systems

Example Primary Coolant System: 

� Document radiological conditions in final survey report for inclusion in the deactivation 
completion package; 

� Drain liquids from equipment and remove/reuse/recycle/dispose in accordance with regulatory 
requirements; 

� Isolate/seal drains from equipment to the environment; 

� Isolate/seal vents and penetrations to the environment; 

� Leave system drained and vented to atmosphere. 
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Group 6: Mothballed System

Example 5/15 Ton Crane/ 1 Ton Hoist: 

Define and conduct work package for placing crane in extended storage: 

� Create documented package with instructions for restart and operation of crane; 

� De-energize equipment; 

� Drain liquids from equipment not required for preservation and remove/reuse/recycle/dispose in 
accordance with regulatory requirements; 

� Label system/equipment as SYSTEM MOTHBALLED. 

Group 7: Overall Project Requirements

End Points for Documentation: 

� Deactivation completion package items are provided: Final radiological surveys, deactivation 
work plans/packages, description/photos of space, modified configuration management docs, 
historical data, and compliance documentation; 

�  Document the amount and location of remaining fixed-in-place hazardous 
substances/dangerous wastes for inclusion in the deactivation completion package; 

� Document compliance with the asbestos program for inclusion in the deactivation completion 
package; 

� Document compliance with the confined space program for inclusion in the deactivation 
completion package; 

� Document remaining industrial hazards and compliance with industrial safety requirements for 
inclusion in the deactivation completion package; 

� Document space dose rates and contamination levels in the final radiological survey report per 
site radiological requirements for inclusion in the deactivation completion package. 

End Points for Overall Facility Activities: 

� Housekeep and remove, excess/dispose unattached materials and equipment; 

� Identify and post confined space in accordance with approved site procedures; 

� Isolate/seal drains from equipment to the environment; 

� Isolate/seal exterior doors except the ones identified for use by surveillance and maintenance 
activities; 

� Isolate/seal potential pathways from the environment to prevent animal/vermin intrusion; 

� Label space hazards at access points; 

� Perform fire hazards analysis (FHA) to determine maximum fire loading limits to eliminate fire 
protection systems; 

� Perform radiological survey of the space and post radiological conditions in accordance with 
site radiological requirements; 

� Provide administrative/physical controls to prevent unauthorized access and to prevent 
unauthorized storage of hazardous/radioactive materials; 

� Radioactive waste and material storage areas are eliminated; 

� Remove/dispose of non-hazardous, radioactive, hazardous, and mixed waste in accordance with 
approved waste handling procedures and regulatory requirements; 

� Remove/reuse/excess/dispose fire extinguishers. 

3. End point closeout methods 
Completion and verification of PBF end points was required. Completion of the end point will be 
acknowledged by signoff by designated individuals. All records to verify end point closure should be 
filed with the end points signoff document, or within the work packages by which they were 
implemented. Verification of end point completion may occur by physical walkdown of the facility or 
by review of documents, letters, photos, work packages, or work plans. Listed below are several 
methods to verify the specified conditions have been achieved. In the full PBF plan, each of these 
methods was further explained: 

� Visual;

� Work Plans and Work Orders; 

� Drawings/ECNs; 

� Letters/Summaries/Memos; 

� Audits/Assessments/Inspections; 

� Video/Photos; 

� Waiver/Justification of Change; 

� Radiological Surveys; 

� Chemical Inventory or Surveys. 

4. Deactivation completion records package 
The requirements for completion records were divided into two types:  

1) Project and administrative records, and  

2) Those related to the as-left physical conditions of PBF.  They are listed here by topic.  In the full 
PBF plan, each topic was further described as to what should be included. 

4.1. Project and Administrative Records  

� Deactivation Project Completion Report;  

� Outstanding Commitments; 

� Safety Documentation; 

� Emergency Response Plan. 

4.2. Records related to as-left physical conditions 

� Work Package Completion Records; 

� Lock and Tag Records; 

� Drawings; 

� Photographs; 
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Group 6: Mothballed System

Example 5/15 Ton Crane/ 1 Ton Hoist: 

Define and conduct work package for placing crane in extended storage: 

� Create documented package with instructions for restart and operation of crane; 

� De-energize equipment; 

� Drain liquids from equipment not required for preservation and remove/reuse/recycle/dispose in 
accordance with regulatory requirements; 

� Label system/equipment as SYSTEM MOTHBALLED. 

Group 7: Overall Project Requirements

End Points for Documentation: 

� Deactivation completion package items are provided: Final radiological surveys, deactivation 
work plans/packages, description/photos of space, modified configuration management docs, 
historical data, and compliance documentation; 

�  Document the amount and location of remaining fixed-in-place hazardous 
substances/dangerous wastes for inclusion in the deactivation completion package; 

� Document compliance with the asbestos program for inclusion in the deactivation completion 
package; 

� Document compliance with the confined space program for inclusion in the deactivation 
completion package; 

� Document remaining industrial hazards and compliance with industrial safety requirements for 
inclusion in the deactivation completion package; 

� Document space dose rates and contamination levels in the final radiological survey report per 
site radiological requirements for inclusion in the deactivation completion package. 

End Points for Overall Facility Activities: 

� Housekeep and remove, excess/dispose unattached materials and equipment; 

� Identify and post confined space in accordance with approved site procedures; 

� Isolate/seal drains from equipment to the environment; 

� Isolate/seal exterior doors except the ones identified for use by surveillance and maintenance 
activities; 

� Isolate/seal potential pathways from the environment to prevent animal/vermin intrusion; 

� Label space hazards at access points; 

� Perform fire hazards analysis (FHA) to determine maximum fire loading limits to eliminate fire 
protection systems; 

� Perform radiological survey of the space and post radiological conditions in accordance with 
site radiological requirements; 

� Provide administrative/physical controls to prevent unauthorized access and to prevent 
unauthorized storage of hazardous/radioactive materials; 

� Radioactive waste and material storage areas are eliminated; 

� Remove/dispose of non-hazardous, radioactive, hazardous, and mixed waste in accordance with 
approved waste handling procedures and regulatory requirements; 

� Remove/reuse/excess/dispose fire extinguishers. 

3. End point closeout methods 
Completion and verification of PBF end points was required. Completion of the end point will be 
acknowledged by signoff by designated individuals. All records to verify end point closure should be 
filed with the end points signoff document, or within the work packages by which they were 
implemented. Verification of end point completion may occur by physical walkdown of the facility or 
by review of documents, letters, photos, work packages, or work plans. Listed below are several 
methods to verify the specified conditions have been achieved. In the full PBF plan, each of these 
methods was further explained: 

� Visual;

� Work Plans and Work Orders; 

� Drawings/ECNs; 

� Letters/Summaries/Memos; 

� Audits/Assessments/Inspections; 

� Video/Photos; 

� Waiver/Justification of Change; 

� Radiological Surveys; 

� Chemical Inventory or Surveys. 

4. Deactivation completion records package 
The requirements for completion records were divided into two types:  

1) Project and administrative records, and  

2) Those related to the as-left physical conditions of PBF.  They are listed here by topic.  In the full 
PBF plan, each topic was further described as to what should be included. 

4.1. Project and Administrative Records  

� Deactivation Project Completion Report;  

� Outstanding Commitments; 

� Safety Documentation; 

� Emergency Response Plan. 

4.2. Records related to as-left physical conditions 

� Work Package Completion Records; 

� Lock and Tag Records; 

� Drawings; 

� Photographs; 
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� Equipment Manuals (for equipment remaining operational); 

� Characterization Information. 

5. Conclusion 
The end points method is a systematic, logically derived way to specify the conditions to be 
established for a permanantly shutdown contaminated facility.  The PBF reactor example in this paper 
shows how this method has been applied. For those interested in further details, the full plan is 
available from this paper’s author. 
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IAEA-CN-143/104 

The experience of research reactors decommissioning in the Russian Federation  

N. Arkhangelsky 

Rosatom,  
Moscow,  
Russian Federation 

Abstract. The report presents the current status of decommissioning of Russian research reactors. 
Several examples highlight basic problems connected to decommissioning such as the management of spent 
nuclear fuel (SNF); the management of special coolants; funding problems; aging of the personnel and social 
aspects; and loss of knowledge. Lessons learned from the decommissioning of Russian research reactors are 
given. 

1. Current status of decommissioning of research reactors in Russia 
The first research reactor in Russia reached criticality December 25, 1946 in the Russian Research 
Centre Kurchatov Institute. Since then a lot of reactors were constructed in the country, the peak of the 
construction being in the 1960s. The age of practically all research reactors that are still in operation is 
more than thirty years, and some of them are close to the 50th anniversary.  

The problem of decommissioning of research reactors began to be given priority since the middle 
1980s, when the number of shutdown reactors began appreciably to increase. The reasons of a 
shutdown were different - failure to meet increasing safety requirements, end of experimental 
programmes, financing etc. 

The current situation of shutdown Russian research reactors having steady state power is given in  
Table 1 [1]. 

Table 1. Shutdown Russian research reactors having steady state power 

Reactor Name Criticality 
Date 

Shutdown 
Date 

Power 

(MW)

TVR 1949 1986 2.5 
RPT 1952 1962 20 

WWR-2 1954 1983 3 
AM-1 1954 2002 30 
BR-10 1959 2002 8 
IR-50 1961 1994 0.05 
MR 1963 1993 50 

ARBUS 1963 1988 12 
Romashka 1964 1966 0.04 

RG-1M 1970 1998 0.1 
TOPAZ 1973 1986 0.1 
IRV-1M 1974 1991 2 
GAMMA 1982 2003 0.22 
RBT-10/1 1983 1994 10 
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� Equipment Manuals (for equipment remaining operational); 

� Characterization Information. 

5. Conclusion 
The end points method is a systematic, logically derived way to specify the conditions to be 
established for a permanantly shutdown contaminated facility.  The PBF reactor example in this paper 
shows how this method has been applied. For those interested in further details, the full plan is 
available from this paper’s author. 
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given. 
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Centre Kurchatov Institute. Since then a lot of reactors were constructed in the country, the peak of the 
construction being in the 1960s. The age of practically all research reactors that are still in operation is 
more than thirty years, and some of them are close to the 50th anniversary.  

The problem of decommissioning of research reactors began to be given priority since the middle 
1980s, when the number of shutdown reactors began appreciably to increase. The reasons of a 
shutdown were different - failure to meet increasing safety requirements, end of experimental 
programmes, financing etc. 

The current situation of shutdown Russian research reactors having steady state power is given in  
Table 1 [1]. 

Table 1. Shutdown Russian research reactors having steady state power 
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Shutdown 
Date 

Power 
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WWR-2 1954 1983 3 
AM-1 1954 2002 30 
BR-10 1959 2002 8 
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MR 1963 1993 50 
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Though the number of shutdown reactors is large, none of those having a significant power (more than 
1 MW) can be considered as fully decommissioned.  

Decommissioning is a more acute and costly problem for high-power reactors. Management of the 
spent nuclear fuel (SNF) and high-level radioactive wastes (HLRW) from small power reactors, pulse 
type reactors and critical assemblies are rather simple and inexpensive though in some cases there are 
some complexities.  

1.1.  Feature of decommissioning of research reactors  
The Russian experience in the area of decommissioning can allow state the following important 
features: 

- Research reactors are situated within large research centers including other nuclear and 
radioactive installations (hot chambers, accelerators of charged particles etc.); 

- In many cases research reactors are located in the middle of large inhabited districts; this 
explains difficulties with the transportation of SNF and contaminated equipment off-site and 
implies that the decommissioning costs are higher taking into account additional safety 
measures;research reactors are very old facilities; they were commissioned when secrecy 
restrictions and high productivity demands did not allow to pay adequate attention to keeping 
accurate and detailed design documentation; such documents have become essential for 
decommissioningthe neutron flux density at high-power research reactors exceeds that of 
nuclear power plant (NPP) reactors; this determines higher levels of neutron-induced activity in 
structures adjacent to reactor cores; 

- Design features, used materials, power levels significantly differ from one research reactor to 
another; this factor complicates the development of harmonized approaches; 

- Research reactors have a lot of experimental devices some of which present special 
complexities at dismantling (for example, horizontal experimental channels, loop and rig 
channels for material testing). 

1.2.  Basic problems of decommissionig of research reactors  
The basic problems connected with decommissioning of research reactors are:  

- SNFs of research reactors have variable characteristics; besides there is a lot of experimental 
and exotic fuel elements and assemblies; in many cases the SNF of shut down reactors remains 
stored at reactor sites and prospects of reprocessing are unclear;  

- Despite a number of formally taken decisions, a real financial source of decommissioning is 
lacking; 

- Development of dedicated equipment for decommissioning is far from complete; in general this 
problem is closely connected to the lack of funding ; 

- Different types of coolants were used in research reactors: heavy water; sodium (with mercury 
in some cases); organic; the amounts of of tritium, caesium etc. in these coolants can be 
sufficientto determine the selection of the coolant purification methods;incompleteness and 
insufficiency of regulations, and also their inadequacy to the tackling of decommissioning 
works;

- Ageing of the personnel and social aspects of decommissioning; this is a problem of loss of 
knowledge. 

The current economic situation in Russia determines the difficulties of identifying financial resources 
for decommissioning of research reactors. In the former Soviet Union all research reactors were state 
property. They received regular financial resources for the implementation of research activities, 
capital investments and other works; no financial resources were accumulated for expected or 
unforeseen works including decommissioning.  

According to "The Federal Law On the Use of Atomic Energy” No 170-FZ, 21 November 1995  the 
nuclear institutes have received the status of operating organizations which carry out of their own 

forces or with the support of other organizations various kinds of activities, including 
decommissioning. The research institutes now can establish decommissioning funds by Law and the 
Under Legislative Acts of the Russian Government.  

The main problem is that these funds are individual funds of the operational organizations. The heavy 
economic situation of the organisations operating research reactors will not allow to have enough 
money in these funds. In practice, after shut down of a research reactor the operational organisation 
will not have the financial resources for decommissioning and it shall have to find such resources 
mainly in the governmental structures, i.e. in the public budget.The solution of such a problem could 
be the creation of consolidated decommissioning funds for the whole nuclear industry. 

1.3.  Selection of strategy for decommissioning of research reactors  
The basic variants of a decommissioning strategy for research reactors can be various. For example 
such as recommended by the IAEA [2]: 

- Immediate dismantling; 

- Deferred dismantling; 

- Entombment. 

With reference to the Russian conditions it is possible to offer the following variants of strategies 
which are close to those recommended by the IAEA: 

- Conversion; 

- Liquidation; 

- Preservation. 

Conversion is a change of experimental or commercial purpose of the facility to other industrial 
programmes and possible use of building, systems and equipment of the facility for conducting other 
activities in the field of nuclear energy. After completion of conversion, a facility can lose the status of 
nuclear installation. 

Liquidation is a complete dismantling of the facility excluding subsequent storage of nuclear materials 
and radioactive substances, systems and use of facility site. After completion of liquidation, a facility 
loses the status of nuclear installation. 

Preservation is a shutdown and transformation of the facility in a nuclear-safe condition with 
subsequent storage of radioactive substances at the facility site and long-term monitoring of buildings, 
systems and equipment. After the completion of preservation, the facility will be either converted or 
liquidated. 

Major factors determining the selection of a strategy are: 

- Results of preliminary technical and economic assessments; 

- Analysis of alternative variants; 

- Restrictions to the implementation of alternative variants from the point of view of nuclear 
safety, radiation protection and ecological safety; 

- Infrastructure for the management of SNF, high level radioactive waste (HLRW) and other 
materials generated by decommissioning works; 

- Current and future demands of territories, structures, equipment and materials from 
decommissioned facilities; 

- Practical experience on the implementation of alternative variants of decommissioning of 
similar nuclear and radioactive facilities; 

- Estimates of individual and collective radiation doses for the personnel engaged in 
decommissioning works;   
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Though the number of shutdown reactors is large, none of those having a significant power (more than 
1 MW) can be considered as fully decommissioned.  

Decommissioning is a more acute and costly problem for high-power reactors. Management of the 
spent nuclear fuel (SNF) and high-level radioactive wastes (HLRW) from small power reactors, pulse 
type reactors and critical assemblies are rather simple and inexpensive though in some cases there are 
some complexities.  

1.1.  Feature of decommissioning of research reactors  
The Russian experience in the area of decommissioning can allow state the following important 
features: 

- Research reactors are situated within large research centers including other nuclear and 
radioactive installations (hot chambers, accelerators of charged particles etc.); 

- In many cases research reactors are located in the middle of large inhabited districts; this 
explains difficulties with the transportation of SNF and contaminated equipment off-site and 
implies that the decommissioning costs are higher taking into account additional safety 
measures;research reactors are very old facilities; they were commissioned when secrecy 
restrictions and high productivity demands did not allow to pay adequate attention to keeping 
accurate and detailed design documentation; such documents have become essential for 
decommissioningthe neutron flux density at high-power research reactors exceeds that of 
nuclear power plant (NPP) reactors; this determines higher levels of neutron-induced activity in 
structures adjacent to reactor cores; 

- Design features, used materials, power levels significantly differ from one research reactor to 
another; this factor complicates the development of harmonized approaches; 

- Research reactors have a lot of experimental devices some of which present special 
complexities at dismantling (for example, horizontal experimental channels, loop and rig 
channels for material testing). 

1.2.  Basic problems of decommissionig of research reactors  
The basic problems connected with decommissioning of research reactors are:  

- SNFs of research reactors have variable characteristics; besides there is a lot of experimental 
and exotic fuel elements and assemblies; in many cases the SNF of shut down reactors remains 
stored at reactor sites and prospects of reprocessing are unclear;  

- Despite a number of formally taken decisions, a real financial source of decommissioning is 
lacking; 

- Development of dedicated equipment for decommissioning is far from complete; in general this 
problem is closely connected to the lack of funding ; 

- Different types of coolants were used in research reactors: heavy water; sodium (with mercury 
in some cases); organic; the amounts of of tritium, caesium etc. in these coolants can be 
sufficientto determine the selection of the coolant purification methods;incompleteness and 
insufficiency of regulations, and also their inadequacy to the tackling of decommissioning 
works;

- Ageing of the personnel and social aspects of decommissioning; this is a problem of loss of 
knowledge. 

The current economic situation in Russia determines the difficulties of identifying financial resources 
for decommissioning of research reactors. In the former Soviet Union all research reactors were state 
property. They received regular financial resources for the implementation of research activities, 
capital investments and other works; no financial resources were accumulated for expected or 
unforeseen works including decommissioning.  

According to "The Federal Law On the Use of Atomic Energy” No 170-FZ, 21 November 1995  the 
nuclear institutes have received the status of operating organizations which carry out of their own 

forces or with the support of other organizations various kinds of activities, including 
decommissioning. The research institutes now can establish decommissioning funds by Law and the 
Under Legislative Acts of the Russian Government.  

The main problem is that these funds are individual funds of the operational organizations. The heavy 
economic situation of the organisations operating research reactors will not allow to have enough 
money in these funds. In practice, after shut down of a research reactor the operational organisation 
will not have the financial resources for decommissioning and it shall have to find such resources 
mainly in the governmental structures, i.e. in the public budget.The solution of such a problem could 
be the creation of consolidated decommissioning funds for the whole nuclear industry. 

1.3.  Selection of strategy for decommissioning of research reactors  
The basic variants of a decommissioning strategy for research reactors can be various. For example 
such as recommended by the IAEA [2]: 

- Immediate dismantling; 

- Deferred dismantling; 

- Entombment. 

With reference to the Russian conditions it is possible to offer the following variants of strategies 
which are close to those recommended by the IAEA: 

- Conversion; 

- Liquidation; 

- Preservation. 

Conversion is a change of experimental or commercial purpose of the facility to other industrial 
programmes and possible use of building, systems and equipment of the facility for conducting other 
activities in the field of nuclear energy. After completion of conversion, a facility can lose the status of 
nuclear installation. 

Liquidation is a complete dismantling of the facility excluding subsequent storage of nuclear materials 
and radioactive substances, systems and use of facility site. After completion of liquidation, a facility 
loses the status of nuclear installation. 

Preservation is a shutdown and transformation of the facility in a nuclear-safe condition with 
subsequent storage of radioactive substances at the facility site and long-term monitoring of buildings, 
systems and equipment. After the completion of preservation, the facility will be either converted or 
liquidated. 

Major factors determining the selection of a strategy are: 

- Results of preliminary technical and economic assessments; 

- Analysis of alternative variants; 

- Restrictions to the implementation of alternative variants from the point of view of nuclear 
safety, radiation protection and ecological safety; 

- Infrastructure for the management of SNF, high level radioactive waste (HLRW) and other 
materials generated by decommissioning works; 

- Current and future demands of territories, structures, equipment and materials from 
decommissioned facilities; 

- Practical experience on the implementation of alternative variants of decommissioning of 
similar nuclear and radioactive facilities; 

- Estimates of individual and collective radiation doses for the personnel engaged in 
decommissioning works;   
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- Comparative analysis of volumes and activity of radioactive wastes generated by 
decommissioning; 

- Sociological enquiries to the population living in areas close to the decommissioned facility. 

2.  Current status of decommissioning of research reactors and lessons learned 
Some examples of decommissioning of research reactors that are have different design, power level 
and experimental programmes are discussed below.

2.1.  Reactors at IPPE (Obninsk) [3] 

2.1.1.  Reactor AM 
Reactor AM is a water-graphite channel type reactor. Reactor power was 30 MW. The date of 
commissioning of the reactor is June, 27, 1954. The date of the final shut down is April, 29, 2002. 

In 1999 the development of the decommissioning project began. Now the reactor is in the stage of so-
called “operation under the regime of the final shutdown” according to the licence granted by the 
regulatory body. 

According to "The concepts of a decommissioning of the reactor AM with the creation of the State 
Museum of Atomic Engineering of Russia" (the reactor AM was the reactor of the first NPP) it is 
supposed to execute all works in four stages: 

- I stage - preparation for decommissiong - 2000-2005; 

- II stage - preparation for long-term storage under monitoring - 2006-2010; this stage includes 
the realization of partial dismantling and other works necessary for confinement of a reactor and 
highly active equipment, decontamination and dismantling of systems and the equipment not 
intended for museum purposes, inspection, and if necessary upgrading of barriers and 
construction of additional protective barriers, installation of monitoring systems;  

- III stage – long-term storage under monitoring - 2011-2080; realization of long-term storage of 
reactor structures, systems and equipment with a view to decreasing activity through natural 
decay up to a level allowing dismantling or unrestricted use; 

- IV stage - implementation of final works for the liquidation of a reactor. 

The duration of III stage (~ 70 years) is determined by the remaining mechanical resistance of 
buildings, the design of physical barriers, confinement of objects and decreasing equipment activity. 

The effectiveness of physical barriers at AM is such that in the case of failure at any decommissioning 
stage, the radiological impact on the public would still be practically nil.  

2.1.2.  Reactor BR-10 
The BR-10 is a fast research reactor with sodium coolant. Its power was 8 MW and was intended for 
research on the basic technical problems for the practical realization of fast reactor NPPs.  

The date of reactor commissioning is January, 26, 1959. The shut down date is December, 06, 2002. 
Now the reactor is in the “operation under the regime of the final shut down” according to the license 
of the regulatory body. In 1999 the development of the decommissiong project of the reactor began 
and now the project is well developed.  

According to "The concepts of a decommissioning of research reactor BR-10" it is supposed to 
execute all works in four stages:  

- I stage - preparation for decommissioning - 1999 – 2007;  

- II stage - preparation for long-term storage under monitoring - 2007 – 2015; realization of 
partial dismantling which is necessary for the confinement of the reactor and highly active 
structures, systems and equipment; draining, neutralization and recycling of sodium, sodium-
potassium coolant and cold traps of sodium oxides ; installation of monitoring systems;  

- III stage – long-term storage under monitoring - 2016-2066; realization of long-term storage of 
reactor structures, systems and equipment with a view to decreasing the activity through natural 
decay up to a level allowing dismantling or unrestricted use; 

- IV stage - implementation of final works for the liquidation of the reactor. 

The duration of III stage (~ 50 years) is determined by the remaining mechanical properties of the 
buildings, design of physical barriers, confinement of objects and decreasing equipment activity. 

2.1.3.  Lessons learned  
It is necessary to develop the decommissiong project as early as possible. Special attention shall be 
paid to the use during operation and subsequent decommissiong of specific coolants. 

Keeping in mind the long period of reactor storage under monitoring (several decades) it is very 
important to establish routine procedures for the financial support of the operational organization. 

In the case of decommissiong of the very old reactors the distribution of responsibilities between the 
state, the operating organization and the regulatory body shall be clearly defined.

2.2.  Reactor TVR at ITEP (Moscow) 
The heavy-water research reactor TVR was commissioned in 1949, permanently shutdown in 1986 
and now it is in a decommissioning stage. The power of the reactor was 2.5 MW. 

The basic reasons for decommissioning were the impossibility of the inspecting the reactor structures 
due to high neutron flux density and fluence of the reactor, and also the strong psychological influence 
of the Chernobyl accident, which in increased attention to the safety of old research reactors located in 
large cities (TVR is located in the middle of Moscow).  

The SNF was transported off the reactor in 1989-1990 to the reprocessing plant “Majak”. 

In the reactor building there is a heavy-water moderator contaminated by tritium. The problem of the 
purification of heavy water is not yet solved. 

A decision was taken to construct a subcritical multiplicator of neutrons in the pool of the reactor TVR 
to be coupled to a linear accelerator of protons. Consequently the research reactor TVR – a facility 
posing both nuclear and radiation hazards- will be replaced by a  facility posing only radiation 
hazards. This is more acceptable in Moscow and does not require the dismantling of the reactor 
biological shield. Correspondingly the problem of the heavy water purification becomes not so urgent, 
since it is possible to re-use it in the new facility. 

According to this decision the decommissiong at the reactor TVR should be completed by the 
dismantling only of the equipment which will not be used in the new facility.

2.2.1. Lessons learned  
The strategy of the conversion of the reactor facility to another type of nuclear or radioactive facility 
has several advantages in the conditions of a large nuclear institute.  

The problem of site restoration is very important and requires additional efforts specially when the 
facility is located in inhabited areas. 

The dismantling of heavy weight equipment having high-level induced activity is a problem for small 
operating organizations. 

The problem of the purification of specific coolants can create additional difficulties and it is 
necessary to pay special attention to this problem as early as possible, ideally at the design stage.  
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- Comparative analysis of volumes and activity of radioactive wastes generated by 
decommissioning; 

- Sociological enquiries to the population living in areas close to the decommissioned facility. 

2.  Current status of decommissioning of research reactors and lessons learned 
Some examples of decommissioning of research reactors that are have different design, power level 
and experimental programmes are discussed below.

2.1.  Reactors at IPPE (Obninsk) [3] 

2.1.1.  Reactor AM 
Reactor AM is a water-graphite channel type reactor. Reactor power was 30 MW. The date of 
commissioning of the reactor is June, 27, 1954. The date of the final shut down is April, 29, 2002. 

In 1999 the development of the decommissioning project began. Now the reactor is in the stage of so-
called “operation under the regime of the final shutdown” according to the licence granted by the 
regulatory body. 

According to "The concepts of a decommissioning of the reactor AM with the creation of the State 
Museum of Atomic Engineering of Russia" (the reactor AM was the reactor of the first NPP) it is 
supposed to execute all works in four stages: 

- I stage - preparation for decommissiong - 2000-2005; 

- II stage - preparation for long-term storage under monitoring - 2006-2010; this stage includes 
the realization of partial dismantling and other works necessary for confinement of a reactor and 
highly active equipment, decontamination and dismantling of systems and the equipment not 
intended for museum purposes, inspection, and if necessary upgrading of barriers and 
construction of additional protective barriers, installation of monitoring systems;  

- III stage – long-term storage under monitoring - 2011-2080; realization of long-term storage of 
reactor structures, systems and equipment with a view to decreasing activity through natural 
decay up to a level allowing dismantling or unrestricted use; 

- IV stage - implementation of final works for the liquidation of a reactor. 

The duration of III stage (~ 70 years) is determined by the remaining mechanical resistance of 
buildings, the design of physical barriers, confinement of objects and decreasing equipment activity. 

The effectiveness of physical barriers at AM is such that in the case of failure at any decommissioning 
stage, the radiological impact on the public would still be practically nil.  

2.1.2.  Reactor BR-10 
The BR-10 is a fast research reactor with sodium coolant. Its power was 8 MW and was intended for 
research on the basic technical problems for the practical realization of fast reactor NPPs.  

The date of reactor commissioning is January, 26, 1959. The shut down date is December, 06, 2002. 
Now the reactor is in the “operation under the regime of the final shut down” according to the license 
of the regulatory body. In 1999 the development of the decommissiong project of the reactor began 
and now the project is well developed.  

According to "The concepts of a decommissioning of research reactor BR-10" it is supposed to 
execute all works in four stages:  

- I stage - preparation for decommissioning - 1999 – 2007;  

- II stage - preparation for long-term storage under monitoring - 2007 – 2015; realization of 
partial dismantling which is necessary for the confinement of the reactor and highly active 
structures, systems and equipment; draining, neutralization and recycling of sodium, sodium-
potassium coolant and cold traps of sodium oxides ; installation of monitoring systems;  

- III stage – long-term storage under monitoring - 2016-2066; realization of long-term storage of 
reactor structures, systems and equipment with a view to decreasing the activity through natural 
decay up to a level allowing dismantling or unrestricted use; 

- IV stage - implementation of final works for the liquidation of the reactor. 

The duration of III stage (~ 50 years) is determined by the remaining mechanical properties of the 
buildings, design of physical barriers, confinement of objects and decreasing equipment activity. 

2.1.3.  Lessons learned  
It is necessary to develop the decommissiong project as early as possible. Special attention shall be 
paid to the use during operation and subsequent decommissiong of specific coolants. 

Keeping in mind the long period of reactor storage under monitoring (several decades) it is very 
important to establish routine procedures for the financial support of the operational organization. 

In the case of decommissiong of the very old reactors the distribution of responsibilities between the 
state, the operating organization and the regulatory body shall be clearly defined.

2.2.  Reactor TVR at ITEP (Moscow) 
The heavy-water research reactor TVR was commissioned in 1949, permanently shutdown in 1986 
and now it is in a decommissioning stage. The power of the reactor was 2.5 MW. 

The basic reasons for decommissioning were the impossibility of the inspecting the reactor structures 
due to high neutron flux density and fluence of the reactor, and also the strong psychological influence 
of the Chernobyl accident, which in increased attention to the safety of old research reactors located in 
large cities (TVR is located in the middle of Moscow).  

The SNF was transported off the reactor in 1989-1990 to the reprocessing plant “Majak”. 

In the reactor building there is a heavy-water moderator contaminated by tritium. The problem of the 
purification of heavy water is not yet solved. 

A decision was taken to construct a subcritical multiplicator of neutrons in the pool of the reactor TVR 
to be coupled to a linear accelerator of protons. Consequently the research reactor TVR – a facility 
posing both nuclear and radiation hazards- will be replaced by a  facility posing only radiation 
hazards. This is more acceptable in Moscow and does not require the dismantling of the reactor 
biological shield. Correspondingly the problem of the heavy water purification becomes not so urgent, 
since it is possible to re-use it in the new facility. 

According to this decision the decommissiong at the reactor TVR should be completed by the 
dismantling only of the equipment which will not be used in the new facility.

2.2.1. Lessons learned  
The strategy of the conversion of the reactor facility to another type of nuclear or radioactive facility 
has several advantages in the conditions of a large nuclear institute.  

The problem of site restoration is very important and requires additional efforts specially when the 
facility is located in inhabited areas. 

The dismantling of heavy weight equipment having high-level induced activity is a problem for small 
operating organizations. 

The problem of the purification of specific coolants can create additional difficulties and it is 
necessary to pay special attention to this problem as early as possible, ideally at the design stage.  
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2.3  Reactors of RIAR (Dimitrovgrad) 

2.3.1.  Reactor ARBUS 
ARBUS was commissioned in 1963 and permanently shudown in 1988. This reactor is a tank type, 
organic cooled ractor. Reactor power was 12 MW. 

The SNF was unloaded from the core and is in storage at RIAR. Unfortunately till now the big part of 
the SNF is still stored at the RIAR site due to insufficient funding. RIAR has a centralized system for 
storage of SNF from all institute reactors (8 reactors including 6 in operation and 2 shut down) and 
also for storage of radioactive wastes. But SNF storage capacity is now limited and it is necessary to 
transport spent fuel assemblies of the reactor ARBUS to the reprocessing plant in a short time. 

After decontamination and dismantling of the equipment the reactor building will be used for other 
radiation facility. 

2.3.2.  Reactor RBT-10/1 
Reactor RBT-10/1 was commissioned in 1984 as experimental installation for material testing 
experiments. The reactor used the fuel assemblies discharged from the high-flux reactor SM. 

Since 1994 in connection with the end of the experimental programme the reactor was shut down and 
since then it was in a stage of extended shut down. The technical conditions of the equipment and 
systems of the reactor are in full compliance with the requirements of the design and operational 
documentation. 

In lack of new ideas about the possible experimental utilization of the reactor the decision about final 
shut down of the reactor was taken by Rosatom. 

Out of several possible variants of decommissioning for the reactor RBT-10/1 the most acceptable 
variant appears to be the partial dismantling of the rooms and equipment of the old reactor to allow the 
improvement of the operational characteristics and experimental opportunities of the other reactor of 
the same type - RBT-10/2 which is installed in the same building. 

2.3.3. Lessons learned  
In the case of the reactor RBT-10/1 the strategy of the conversion of the reactor facility to another type 
of nuclear facility is attractive because it can allow to use rooms and equipment of shut down reactor 
for conducting other activities in the field of nuclear energy.  

The management of SNF is an expensive problem and requires constant and lengthy efforts to reach a 
solution.   

3.  Conclusion  
The analysis of the executed and planned decommissioning works of research reactors in Russia 
allows us to make the following conclusions. 

A lot of research reactor fuel types create technical and financial difficulties. A long time is required to 
provide safe storage condition of the fuel and/or transport it to the reprocessing plant. For some kinds 
of SNF there are currently no technical decisions.  

The financing of decommissioning is the key problem. Available variants are appropriate for 
profitable enterprises and reactors that are expected to remain in operation many years.  The solution 
of a problem could be the establishment of a consolidated decommissioning fund for the whole 
nuclear industry. 

In the Russian conditions the most preferable decommissiong strategy is to postpone a final decision 
or to implement the reactor conversion to another nuclear or radioactive installation. This implies that 
the selection of any viable strategy requires resources to maintain installations in safe condition for a 
long time.  
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2.3  Reactors of RIAR (Dimitrovgrad) 

2.3.1.  Reactor ARBUS 
ARBUS was commissioned in 1963 and permanently shudown in 1988. This reactor is a tank type, 
organic cooled ractor. Reactor power was 12 MW. 

The SNF was unloaded from the core and is in storage at RIAR. Unfortunately till now the big part of 
the SNF is still stored at the RIAR site due to insufficient funding. RIAR has a centralized system for 
storage of SNF from all institute reactors (8 reactors including 6 in operation and 2 shut down) and 
also for storage of radioactive wastes. But SNF storage capacity is now limited and it is necessary to 
transport spent fuel assemblies of the reactor ARBUS to the reprocessing plant in a short time. 

After decontamination and dismantling of the equipment the reactor building will be used for other 
radiation facility. 

2.3.2.  Reactor RBT-10/1 
Reactor RBT-10/1 was commissioned in 1984 as experimental installation for material testing 
experiments. The reactor used the fuel assemblies discharged from the high-flux reactor SM. 

Since 1994 in connection with the end of the experimental programme the reactor was shut down and 
since then it was in a stage of extended shut down. The technical conditions of the equipment and 
systems of the reactor are in full compliance with the requirements of the design and operational 
documentation. 

In lack of new ideas about the possible experimental utilization of the reactor the decision about final 
shut down of the reactor was taken by Rosatom. 

Out of several possible variants of decommissioning for the reactor RBT-10/1 the most acceptable 
variant appears to be the partial dismantling of the rooms and equipment of the old reactor to allow the 
improvement of the operational characteristics and experimental opportunities of the other reactor of 
the same type - RBT-10/2 which is installed in the same building. 

2.3.3. Lessons learned  
In the case of the reactor RBT-10/1 the strategy of the conversion of the reactor facility to another type 
of nuclear facility is attractive because it can allow to use rooms and equipment of shut down reactor 
for conducting other activities in the field of nuclear energy.  

The management of SNF is an expensive problem and requires constant and lengthy efforts to reach a 
solution.   

3.  Conclusion  
The analysis of the executed and planned decommissioning works of research reactors in Russia 
allows us to make the following conclusions. 

A lot of research reactor fuel types create technical and financial difficulties. A long time is required to 
provide safe storage condition of the fuel and/or transport it to the reprocessing plant. For some kinds 
of SNF there are currently no technical decisions.  

The financing of decommissioning is the key problem. Available variants are appropriate for 
profitable enterprises and reactors that are expected to remain in operation many years.  The solution 
of a problem could be the establishment of a consolidated decommissioning fund for the whole 
nuclear industry. 

In the Russian conditions the most preferable decommissiong strategy is to postpone a final decision 
or to implement the reactor conversion to another nuclear or radioactive installation. This implies that 
the selection of any viable strategy requires resources to maintain installations in safe condition for a 
long time.  
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Abstract. In January 2001, EDF decided to accelerate its strategy for the decommissioning of its nine 
first generation units with the objective to achieve the final decommissioning of the plants within the next 25 
years. An engineering centre, dedicated to decommissioning, radwaste management and environment was set up 
to implement this strategy. Five years after to its creation, a first set of lessons learned can be established in the 
field of organisation, project and programme management. 

1. EDF decommissioning strategy  
Over the last ten years, EDF has acquired extensive experience in Europe through the 
decommissioning of its commercial reactors. Nine of its Nuclear Power Plants are currently under 
decommissioning (see Table 1). Most of them are first generation units which were commissioned in 
the 60s and were definitively shutdown at the end of the 80s or at the beginning of the 90s mainly for 
economical reasons.  

Table 1. EDF plants under decommissioning 

Reactor Reactor Type Capacity Operation Life 

Brennilis HWGCR 70 MW 1967 / 1985 

Chinon A1  GCR 70 MW 1963 / 1973 

Chinon A2 GCR 200 MW 1965 / 1985 

Chinon A3 GCR 480 MW 1966 / 1990 

St Laurent A1 GCR 480 MW 1971 / 1992 

St Laurent A2 GCR 515 MW 1972 / 1994 

Bugey 1 GCR 540 MW 1971 / 1992 

Chooz A PWR 300 MW 1967 / 1991 

Creys-Malville (Superphenix) FBR 1240 MW 1986 / 1996 

Until recently, EDF implemented a deferred dismantling strategy that consisted of:  

1) Dismantling everything except the reactor building no later that 10 years after final shutdown,  

2) Delaying dismantling of the reactor building by 25 to 50 years to take advantage of radioactive 
decay.  

In January 2001, EDF decided to achieve total dismantling of their shutdown reactors within the next 
25 years. This new strategy will provide a tangible demonstration of the feasibility of dismantling, 
from the industrial, waste disposal and financial (adequate funding) points of view in order to keep the 
nuclear option open.  
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Abstract. In January 2001, EDF decided to accelerate its strategy for the decommissioning of its nine 
first generation units with the objective to achieve the final decommissioning of the plants within the next 25 
years. An engineering centre, dedicated to decommissioning, radwaste management and environment was set up 
to implement this strategy. Five years after to its creation, a first set of lessons learned can be established in the 
field of organisation, project and programme management. 

1. EDF decommissioning strategy  
Over the last ten years, EDF has acquired extensive experience in Europe through the 
decommissioning of its commercial reactors. Nine of its Nuclear Power Plants are currently under 
decommissioning (see Table 1). Most of them are first generation units which were commissioned in 
the 60s and were definitively shutdown at the end of the 80s or at the beginning of the 90s mainly for 
economical reasons.  

Table 1. EDF plants under decommissioning 

Reactor Reactor Type Capacity Operation Life 

Brennilis HWGCR 70 MW 1967 / 1985 

Chinon A1  GCR 70 MW 1963 / 1973 

Chinon A2 GCR 200 MW 1965 / 1985 

Chinon A3 GCR 480 MW 1966 / 1990 

St Laurent A1 GCR 480 MW 1971 / 1992 

St Laurent A2 GCR 515 MW 1972 / 1994 

Bugey 1 GCR 540 MW 1971 / 1992 

Chooz A PWR 300 MW 1967 / 1991 

Creys-Malville (Superphenix) FBR 1240 MW 1986 / 1996 

Until recently, EDF implemented a deferred dismantling strategy that consisted of:  

1) Dismantling everything except the reactor building no later that 10 years after final shutdown,  

2) Delaying dismantling of the reactor building by 25 to 50 years to take advantage of radioactive 
decay.  

In January 2001, EDF decided to achieve total dismantling of their shutdown reactors within the next 
25 years. This new strategy will provide a tangible demonstration of the feasibility of dismantling, 
from the industrial, waste disposal and financial (adequate funding) points of view in order to keep the 
nuclear option open.  
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The successful implementation of this programme relies on: 

- An industrial organisation at EDF that makes it possible to manage a 25 years programme 
including aspects such as technical, safety, radiological, security, environment, costs; and 
schedules; 

- The simplification of regulatory processes and procedures; 

- The availability of waste routes for specific categories of waste (graphite, long-lived, etc); 

- An effective nuclear industry (contractors and suppliers) that will ensure the technical, cost and 
schedule aspects of this programme. 

To carry out the new prompt strategy effectively, EDF created in January 2001 the Centre 
d'Ingénierie Déconstruction et Environnement (CIDEN), an engineering centre dedicated to 
decommissioning, waste management and environmental issues.  

This paper will present, five years after this decision, why and how CIDEN evolved with regard to 
Project and Program management. 

2. EDF organisation 
2.1. EDF responsibilities, interfaces and co-ordination 
The responsibilities, interfaces and co-ordination of the key players in the deconstruction programme 
are as follow: 

a) Owner of under-decommissioning plants:

b) The Nuclear Engineering Division (DIN) assumes responsibility of the owner of the 
programme.  

c) Management of the programme: 

d) CIDEN is in charge of the design and the implementation of the decommissioning programme, 
including the future of the waste and the environmental impact. This engineering centre is 
within the EDF SA, mother company and is one of the engineering centres of the DIN. So all 
the skills that serve to strengthen EDF’s know-how in the fields of deconstruction, waste 
management and environment are concentrated in a single centre. 

e) Nuclear operator of decommissioning plants:

f) The operation of the units under decommissioning installed on a site where other units are still 
operating (which is the case for Chinon, Saint-Laurent, Bugey and Chooz) comes within the 
responsibility of the Nuclear Generation Division (DPN), the representative of the nuclear 
operator EDF. For each site, a specific protocol defines the particular responsibilities, the 
interfaces and the co-ordination between the nuclear power plant and the CIDEN. Concerning 
Creys-Malville and Brennilis where there is a single reactor, CIDEN represents the nuclear 
operator EDF. 

g) Overall co-ordination:

h) The deconstruction committee (CD), chaired by a Deputy Director of the DIN, brings together 
the representatives of the DIN, the DPN, the Nuclear Fuel Division (DCN), the EDF R&D and 
the Purchasing Division (DA). It constitutes a true steering committee for the programme, 
defines the general guidelines and approves the strategic choices proposed by the CIDEN.  

2.2.  Project management  
Within the Programme, six Projects were created, one for each site: 

a. Brennilis (1 HWGCR); 

b. Chooz A (1 PWR); 

c. Creys-Malville (1 FBR); 

d. Bugey 1 (1 GCR); 

e. Chinon A (3 GCRs); 

f. Saint-Laurent A (2 GCRs). 

Initially, the delivery of the projects was under the responsibility of three Operations Departments 
dedicated to one design of decommissioning reactors: one for “Water” reactors, one for “Fast Breeder 
reactor” and the last one for “Gas-Graphite reactors”. Within the Operations Department, a Project 
Manager was appointed for each project. He reported to the Head of the Operations Department 
respective to the type of reactor of its project. Each Operations Department had its own capacities for 
scheduling and cost control and was responsible for the coordination of the design activities performed 
by the Engineering Department. 

In 2005, this organisation has been modified in order to clarify the responsibility of the Project 
Managers (see Figure 1 - new CIDEN organisation chart below). One of the main objectives was to 
avoid the overlapping between the Project Manager and the Head of the Operations Department with 
regard to the management of the project. Because the Project Manager was in the Operations 
Department, he was also very busy with the day to day activities on site, operation and works 
supervision. Consequently, he had no time enough to work on the near term programme to anticipate 
the difficulties. 

The current organisation is a matrix organisation where two Departments are responsible for the 
delivery of engineering and works activities to the Project Manager. 

Functions support
Cost Controllers
Schedules elaboration...

Brennilis
Bugey 1
Chooz A
Creys-Malville
Saint-Laurent A
Chinon A

Project Managers

Dismantling
Environment
Safety
Radiation protection
Design Coordinators

Engineering Department

Sites operation
Works supervision
Works Coordinators

Works Department

Head of CIDEN

Figure 1. CIDEN current organisation chart 

Now the Project Managers report directly to the Head of CIDEN who is responsible for the 
implementation of the Programme. A Project Contract is signed between the Project manager and the 
Head of CIDEN. It defines the project Work Breakdown Structure, the budget, the main milestones, 
the deadlines and the quantity and type of waste to be produced. 

Each project Manager is assisted by a representative of the Engineering Department (the Design 
Coordinator) and a representative of the Works Department (the Works Coordinator). Together they 
constitute a dedicated Project Team working full time on the Project. This team is supported by cost 
and schedule controllers shared with other projects teams. 

The Project Manager is not responsible for the day to day plant operation. The plant operation and the 
works supervision are managed by a Decommissioning Site Manager (located on site) that reports to 
the Head of the Works Department. A budget for plant operation and works supervision is awarded by 
the Project Manager to the Decommissioning Site Manager. 

An Engineering Activities Programme defines the studies to be performed by the Engineering 
Department and details the resources awarded by the Project, the deadlines and the deliverables to be 
produced. This programme is managed by the Design Coordinator who reports to the Project Manager. 

The conflicts between the projects, regarding the availability of resources for example, are arbitrated 
by the Projects Committee, chaired by CIDEN Deputy Head with the participation of the Heads of the 
Works Department and of the Engineering Department. 
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Manager was appointed for each project. He reported to the Head of the Operations Department 
respective to the type of reactor of its project. Each Operations Department had its own capacities for 
scheduling and cost control and was responsible for the coordination of the design activities performed 
by the Engineering Department. 

In 2005, this organisation has been modified in order to clarify the responsibility of the Project 
Managers (see Figure 1 - new CIDEN organisation chart below). One of the main objectives was to 
avoid the overlapping between the Project Manager and the Head of the Operations Department with 
regard to the management of the project. Because the Project Manager was in the Operations 
Department, he was also very busy with the day to day activities on site, operation and works 
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Now the Project Managers report directly to the Head of CIDEN who is responsible for the 
implementation of the Programme. A Project Contract is signed between the Project manager and the 
Head of CIDEN. It defines the project Work Breakdown Structure, the budget, the main milestones, 
the deadlines and the quantity and type of waste to be produced. 

Each project Manager is assisted by a representative of the Engineering Department (the Design 
Coordinator) and a representative of the Works Department (the Works Coordinator). Together they 
constitute a dedicated Project Team working full time on the Project. This team is supported by cost 
and schedule controllers shared with other projects teams. 

The Project Manager is not responsible for the day to day plant operation. The plant operation and the 
works supervision are managed by a Decommissioning Site Manager (located on site) that reports to 
the Head of the Works Department. A budget for plant operation and works supervision is awarded by 
the Project Manager to the Decommissioning Site Manager. 

An Engineering Activities Programme defines the studies to be performed by the Engineering 
Department and details the resources awarded by the Project, the deadlines and the deliverables to be 
produced. This programme is managed by the Design Coordinator who reports to the Project Manager. 

The conflicts between the projects, regarding the availability of resources for example, are arbitrated 
by the Projects Committee, chaired by CIDEN Deputy Head with the participation of the Heads of the 
Works Department and of the Engineering Department. 
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2.3.  Programme management 
An overall Programme was established by EDF for the decommissioning of the 9 EDF units already 
shutdown (see Figure 2) with the objective to provide a global and optimised approach on important 
issues such as waste management and resources allocation (financing, engineering and work capacity). 
It has to be completed in 2025 and comprises two stages: 

The first stage includes the total dismantling of the following NPPs:�

- Brennilis; 

- Chooz A (first-of-a-kind for PWRs); 

- Bugey 1 (first-of-a-kind for GCRs); 

- Creys-Malville. 

The second stage includes the total dismantling of the five remaining 5 GCRs units (St-Laurent A and 
Chinon A). This second stage will be undertaken after sufficient feedback has been gained from the 
dismantling of Bugey 1. 

Figure 2. EDF decommissioning programme 

The Programme was prepared, and regularly updated, by a Programme Coordination Working Group 
(PCWG) comprising the Project Managers. The PCWG was also a forum for the Project Managers to 
exchange the feedback of their respective project.  

The Programme is funded through a provisions mechanism. It means that it is actually financed each 
year through the decrease of the provisions for dismantling. Therefore it is necessary to smooth the 
expenditures of the Programme all along its duration and also to adapt its implementation to the 
company cash flow possibility. 

In order to meet these requirements it was decided to introduce some flexibility in the Programme 
implementation. Each project was broken into sub-projects, each one with a specific budget. The 
required flexibility was achieved through the postponement of the sub-project. It was preferred to 
defer a sub-project, in order to meet the cash flow possibilities, than to be obliged to stop an ongoing 
activity which is not economical because of the demobilisation and remobilisation costs. Once a sub-
project has been started, it supposed to be completed without any interruption. At the present time, the 
Programme comprises more than 40 sub-projects.  

Because of its close link with the company cash-flow, the Programme is managed by a dedicated team 
as a project in itself. Other cross-cutting issues such as the availability of waste disposal for graphite or 
activated waste and the smoothing of the quantity of generated waste are also managed by this team. 
This team also supports the Head of CIDEN who reports to the owner of the programme (EDF 
Nuclear Engineering Division). 

3. Simplification of licensing procedure 
The regulatory process has been modified in February 2003 in order to introduce some simplifications 
in the licensing procedure. When 3 authorisations were needed to cover all the decommissioning 
process, now only one decree is required for all the deconstruction operations of a nuclear installation, 
combined with milestones at the different stages of deconstruction. 

To obtain this decree, a safety case has to be elaborated and submitted to the Safety Authority. It 
comprises the following documents: (1) Justification of final state of the site and main steps of the 
dismantling process, (2) Safety Analysis Report, (3) Operating rules for monitoring and maintenance, 
(4) Emergency plan, (5) Environmental Impact Assessment and (6) Waste management studies. 

To avoid to apply for a new decree when minor modifications are required, which would undoubtedly 
occur within such a long and complex process, an internal organisation has been set up by EDF and 
accepted by the French Regulatory Body to deliver - through a Deconstruction Safety Committee - 
internal authorisations for modification of the Safety Analysis Report and the operating rules as far as 
they remain in accordance with the safety case submitted for the issue of the unique decree.  

The situation concerning the unique decree is the following: 

- Brennilis: the unique decree was signed on February 2006 after 3 years of instruction; 

- Creys-Malville: the unique decree was signed on March 2006; 

- Chooz-A: the unique decree is expected in 2007; 

- Bugey 1: the unique decree is waiting at the end of 2008. 

Before obtaining the unique decree, the decommissioning program is implemented under the existing 
decrees editing according the previous licensing procedure. 

4. Nuclear Waste Route 
The EDF decommissioning programme will generate roughly 1 billion tons of waste: 670,000 tons of 
conventional waste and 330,000 tons of nuclear waste (70% Very Low Level activated Waste, 20% 
Low Level activated Waste, 10% of Long Lived Low and Medium Level activated Waste and 0,2% of 
graphite).  

The EDF policy is generally to produce wastes from decommissioning only if corresponding final 
repositories are existed mainly for avoiding over-cost due to intermediate storage operations and 
repackaging.  

So one of the critical issues for the implementation and the completion of EDF decommissioning 
programme is the availability of disposal routes for all types of waste generated by dismantling 
activities. The removal of conventional wastes is done through existing channels. At the moment, 
disposal facilities for Low or Medium Level activated wastes and for Very Low Level activated Waste 
are already available in France. So the main critical issues are: 

- Opening of a new disposal for graphite wastes (17.000 tons). A French Law related to nuclear 
wastes management, which was recently edited (28th of June, 2006), requires the opening of this 
disposal in 2013; 

- Opening of a disposal for Long-Lived Medium Level activated waste (500 tons of metallic 
components coming from dismantling). 
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process, now only one decree is required for all the deconstruction operations of a nuclear installation, 
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- Chooz-A: the unique decree is expected in 2007; 
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decrees editing according the previous licensing procedure. 

4. Nuclear Waste Route 
The EDF decommissioning programme will generate roughly 1 billion tons of waste: 670,000 tons of 
conventional waste and 330,000 tons of nuclear waste (70% Very Low Level activated Waste, 20% 
Low Level activated Waste, 10% of Long Lived Low and Medium Level activated Waste and 0,2% of 
graphite).  

The EDF policy is generally to produce wastes from decommissioning only if corresponding final 
repositories are existed mainly for avoiding over-cost due to intermediate storage operations and 
repackaging.  

So one of the critical issues for the implementation and the completion of EDF decommissioning 
programme is the availability of disposal routes for all types of waste generated by dismantling 
activities. The removal of conventional wastes is done through existing channels. At the moment, 
disposal facilities for Low or Medium Level activated wastes and for Very Low Level activated Waste 
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The consequence on EDF decommissioning programme are the following: 

- The dismantling of GCR core containments is depending of the opening date of the graphite 
repository; 

- In order to secure the implementation of the decommissioning programme, EDF has decided in 
September 2005 to erect an interim storage facility for Long-Lived Medium Level activated 
waste. This approach mitigates the impact of potential delays in the licensing and 
commissioning of the new expected facility. The availability of this interim storage is foreseen 
in 2012; 

- In complement, the opening of this storage will allow the removal from EDF on operational 
PWR NPPs of 1.500 tons of Long Lived Medium Level activated wastes (mainly controls rods 
and their containers) which are actually stored on site. 

Spent fuel storage is not an issue for the implementation of EDF decommissioning Programme 
because, except for Creys-Malville where an interim storage is already in operation, all the spent fuel 
produced by the units under decommissioning has been reprocessed. 

Because its responsibility as nuclear operator is at stakes, but also because it will have to bear the cost 
of waste disposal, EDF is becoming more and more involved in discussion with ANDRA - French 
National Agency responsible for Nuclear waste repositories - concerning open solutions as sub-surface 
storage and deep geological repository whose the design, licensing, construction and operation are 
under the responsibilities of ANDRA. 

5. Works Contractorization  
CIDEN has its own engineering capacity, mainly responsible for conceptual design and planning of 
the decommissioning projects. The initial approach was to perform the conceptual design with its own 
capacity, to breakdown the project into technically independent work packages and then rely on a 
contractor for the detailed design and implementation of each work package. 

Further to the completion of the conceptual design, it became obvious that the procurement strategy 
had to be adapted to the complexity of the project and to the results of the risks analysis (see figure3): 
where complexity and uncertainty of the project are low, a turnkey contract can be envisaged, where 
they are high, a more complex type of contract is required, including some mechanisms for risk 
sharing. 

Figure 3.  Contractorization criteria 

6. Conclusion 
During the five years that have elapsed since the creation of CIDEN in 2001 for the implementation of 
EDF new decommissioning strategy, its organisation has been continuously improved in order to 
deliver successfully the decommissioning projects. The objective was to build an efficient organisation 
with a clear definition of the role of the key players. 

Simultaneously, the Programme Management activities have received more and more consideration 
and specific mechanisms have been implemented to introduce flexibility in the programme with regard 
to financing and licensing. 

The continuous improvement of its organisation and the development of new methodologies for 
project or programme management is a constant concern for EDF with the objective to successfully 
implement its decommissioning strategy that is one of the key issues to guarantee the future of nuclear 
energy in France.  

The first achievements make EDF feel confident on its capability to implement this programme under 
satisfactory industrial conditions of safety, radioprotection, waste management and economics. 
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Abstract. Though a considerable time has passed since peaceful nuclear explosions (PNE) had been 
carried out, the issues of elimination of their consequences are still unsolved, especially, the liquidation of 
radioactive contamination of territories where PNE took place. Thus, the issues of direction, and further may turn 
into a nationwide problem. 

It should be noted that studies of radiation situation were carried out for a part of the sites where PNE took place.  
The studies covered the territory of the sites, as well as the adjacent areas and settlements within a radius of 30 
km from emplacement borehole bench mark. Defined were the exposure dose rates in field of ionizing radiation, 
specific activities of man-made and natural radionuclides in the environment (air, vegetation, surface, ground 
and well water, soil). The studied territories of PNE are: Azgir test site (10 sites), LIRA test site (6 sites), 
Mangyshlak (3 sites), number of PNE objects at Semipalatinsk test site (STS). There is a regular radioecological 
monitoring over Azgir test site, LIRA test site and some PNE objects at STS.  

Unfortunately there haven’t been any expedition-field investigations into radioecological situation or visual 
inspection of emplacement borehold-structures and bench marks condition and preservation carried out at the 
sites such as Region-3 and 5, Batolit-2, Meridian-1,2,3 and a number of PNE objects at STS since the Republic 
of Kazakhstan became independent. 

1. Introduction 
At the rise of atomic era in the former USSR, government bodies and scientists gave a great interest to 
the use of nuclear explosions in economy, i.e. peaceful uses of nuclear tests. 

May 16, 1950 – a special Decree of USSR Council of Ministers for “Scientific research, project and 
experimental operations for peaceful use of atomic energy” was signed. 

One hundred twenty-four peaceful nuclear explosions (PNE) were carried out as a part of the USSR 
Governmental program #7 “Nuclear explosions for economy” (1965–1988) that is 23% of all 
underground nuclear explosions (UNE) performed including those carried out in Russia – 80 I, 
Kazakhstan – 39 explosions (7 of them are carried out at Semipalatinsk test site), Ukraine – 2, 
Uzbekistan – 2 and Turkmenistan – 1 [1, 2]. 

Military and peaceful nuclear tests were carried out in Kazakhstan in the period 1949–1989. Four 
hundred fifty-six tests out of 715 performed in the whole former USSR took place at the Semipalatinsk 
test site (Table 1) and 39 tests were performed in the territory of 9 regions of the Republic of 
Kazakhstan (Fig. 1). 
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Figure 1. Locations of underground peaceful nuclear explosions performed in Kazakhstan 

The first powerful (140 kt yield) nuclear explosion was performed on January 15, 1965 at Balapan site 
(Borehole 1004) at the rivers confluence of the rivers Chagan and Ashy-su, east of Semipalatinsk test 
site (Fig. 2). 

The objective of the test was to create a man-made reservoir (Fig.3) in dry steppe and the closure of 
the Chagan river with rock-fill dam at its confluence with Ashy-su river. 

Information about radiation situation at the explosion area obtained by specialists of radiation effects 
is of interest. By the end of the first day after the explosion, the radiation dose rate in the crater and 
embankment edge was several thousands R/h, but in 20 days it was 1.5-2.5 R/h (Table 1).  

Table 1. Basic specifications for peaceful nuclear explosions carried out in Kazakhstan (according to 
the purposes) 

## Purpose  Project Title Date Locations Yield,  
kt 

Charge Depth, 
m Test Conditions 

Military 
purposes 

Nuclear 
weapon tests 1949 -1989 Semipalatinsk test site –  

456 nuclear explosions -- -- Nuclear weapon 
development 

Peaceful 
purposes 

USSR 
governmental 
program #7

1965 -1989 Regional sites – 
39 nuclear explosions -- -- 

Development
of nuclear-
explosive 

technology 

1. Experimental works on development of nuclear-explosive technology for economy (1965-1974) 
1.  "Chagan" 15.01.65 STS, Balapan 140 175 Borehole 1004 
2.  "Sary-Uzen" 14.10.65 STS, Sary-Uzen 1,1 48 Borehole 1003 
3.  "Telkem" 21.10.68 STS, Telkem 0,24  Borehole 2308 

4.  "Telkem-2" 21.11.68 STS, Telkem 
0,24 
0,24 
0,24 

31,4 
Borehole 2305 
Borehole 2306 
Borehole 2307 

5.   09.04.71 STS, Degelen 0,23  Tunnel 148/1 
6.   16.12.74 STS, Degelen 3,8  Tunnel 148/5 
7.  "Lazurit" 07.12.74 STS, Murzhik 1,7 75 Borehole �-1

8.   23.12.70 Mangyshlak region 75 497 Borehole 1�
9.   12.12.70 Mangyshlak region 80 470 Borehole 6�
10.   06.12.69 Mangyshlak region 30 407 Borehole 2�

2. Deep Seismic Sounding to Search for Structures Prospective for Mineral Survey 
11.  "Region" 20.08.72 Uralsk region 6.6 489 Borehole �- 3 
12.  " Region" 24.11.72 Kustanai region 6,6 423 Borehole �-5
13.  "Meridian" 28.08.73 Turgai region 6.3. 395 Borehole ��-1 
14.  "Meridian" 19.09.73 Chimkent region 6.3 615 Borehole ��-2 
15.  "Meridian" 15.08.73 Chimkent region 6.3 600 Borehole ��-3 
16.  "Batolit" 03.10.87 Aktyubinsk region 8,5 1002 Borehole ��-2

3. Experimental-Industrial Operations to Create Underground Cavities 
17.  "Lira" 10.07.83 Uralsk region 15 907 Borehole 1 �
18.  "Lira" 10.07.83 Uralsk region 15 917 Borehole 2 �
19.  "Lira" 10.07.83 Uralsk region 15 841 Borehole 3 �
20.  "Lira" 21.07.84 Uralsk region 15 816 Borehole 4 �
21.  "Lira" 21.07.84 Uralsk region 15 844 Borehole 5 �
22.  “Lira" 21.07.84 Uralsk region 15 955 Borehole 6 �

4. Experimental-Industrial Investigations to Develop Technology for Creation of the Underground Cavities  
in Rock Salt Massif of the Bolshoi Azgir Salt Dome (1966- 1979) 

23  "Galit" 22.04.66 Azgir, Guryev region 1,1 161 Borehole �-1
24  "Galit" 01.07.68 Azgir, Guryev region 27 600 Borehole �- 2 
25  "Galit" 25.04.75 Azgir, Guryev region 0,35 600 Borehole �-2-2
26  "Galit" 14.10.77 Azgir, Guryev region 0,1 600 Borehole �-2-3
27  "Galit" 30.10.77 Azgir, Guryev region 0,01 600 Borehole.�-2-4
28  "Galit" 12.09.78 Azgir, Guryev region 0,08 600 Borehole.�-2-5
29  "Galit" 30.11.78 Azgir, Guryev region 0,06 600 Borehole.�-2-6
30  "Galit" 10.01.79 Azgir, Guryev region 0,5 600 Borehole �-2-7
31  "Galit" 22.12.71 Azgir, Guryev region 64 986 Borehole �-3
32.  "Galit" 29.03.76 Azgir, Guryev region 10 986 Borehole �-3-2
33.  "Galit" 29.07.76 Azgir, Guryev region 58 1000 Borehole �- 4 
34.  "Galit" 30.09.77 Azgir, Guryev region 10 1500 Borehole �-5

35.  "Galit" 17.10.78 Azgir, Guryev region 20-150 
0,001-20 971 Borehole �-7

Borehole �-7

36.  "Galit" 17.01.79 Azgir, Guryev region 0,001-20
20-150 995 Borehole �-8

Borehole �-8
37.  "Galit" 18.12.78 Azgir, Guryev region 103 630 Borehole �-9

38.  "Galit" 24.10.79 Azgir, Guryev region 0,001-20
20-150 980 Borehole �-10 

Borehole �-10

39.  "Galit" 14.07.79 Azgir, Guryev region 
0,001-20
0,001-20
0,001-20 

982 
Borehole �-11 
Borehole �-11 
Borehole �-11

As a result of the explosion the river valley was closed by rocks and a man-made dam was created. In 
spring the river valley was joined to the crater by channel (excavated in March by chemical explosion 
(CE) and using bulldozers with lead shielding) to let the melt-water flow. Construction of a channel 
and embankment provided the condition for formation of two water reservoirs: internal and external. 
As a result of flood flows an external water reservoir was formed with 10 million cubic meters, and 
internal reservoir – 7 million cubic meters, about 4 million cubic meters of water filled cracks and 
pores of crater deformation zone. 

Investigators and witnesses of the test confirm that a very large piece of soil was excavated from flat 
ground, the explosion raised 6 millions cubic meters of soil airward [3]. A crater of 500 meters 
diameter and about 100 meters depth was formed. It was the first man-made water reservoir in the 
history of humanity created by explosion (Fig. 2). 
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As a result of the explosion the river valley was closed by rocks and a man-made dam was created. In 
spring the river valley was joined to the crater by channel (excavated in March by chemical explosion 
(CE) and using bulldozers with lead shielding) to let the melt-water flow. Construction of a channel 
and embankment provided the condition for formation of two water reservoirs: internal and external. 
As a result of flood flows an external water reservoir was formed with 10 million cubic meters, and 
internal reservoir – 7 million cubic meters, about 4 million cubic meters of water filled cracks and 
pores of crater deformation zone. 

Investigators and witnesses of the test confirm that a very large piece of soil was excavated from flat 
ground, the explosion raised 6 millions cubic meters of soil airward [3]. A crater of 500 meters 
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Figure  2. Underground nuclear explosion “Chagan” 

Currently, the man-made “Chagan” lake (in Kazakh language “Atom-kol”) is included in the book 
titled “Monument of Learning and Home Atomic Industry” (M.: MGF “Znanie”, 1999) as a historic 
monument in nuclear explosion technologies (Fig. 3). 

Figure 3. Atomic Lake “Chagan” 

We should point out that, like military nuclear weapon tests, PNE also caused damage to the 
environment. The tests caused adverse seismic impact to subsurface resources and aquifers, 
radionuclide contamination of the territory, water sources and atmosphere, vegetation, radiation dose 
to population, etc. Peaceful nuclear explosions (PNE) were being carried out in the USSR for about 
twenty five years.  

Though a considerable time has passed since peaceful nuclear explosions (PNE) had been carried out, 
the issues of elimination of their consequences are still unsolved, especially, the removal of 
radioactive contamination of territories where PNE took place. Thus, the issues of rehabilitation of 
radiation disturbed soils eventually take on social-economic and ecological direction, and further may 
turn into a nationwide problem. 

The last underground nuclear explosion out of the series of peaceful nuclear explosions conducted in 
Kazakhstan was performed at Lira site, Karachaganak mine field in the former Uralsk region. 

Six underground nuclear explosions were carried out in salt medium in the period 1983-1984 at the 
Lira site to create storage tanks (ST) for oil-gas products. 

Personnel of V.G.Khlopin’s Radium Institute carried out systematic investigation of the soil-
vegetation cover, monitored and analyzed radioecological situation at the Lira site from the moment of 
its construction till late 1992. After the USSR breakup operations at the Lira site were stopped. 

Since 1999 specialists of Institute of Nuclear Physics of NNC RK had carried out a detailed study of 
the radioecological situation and prospects for the Lira sites due to intensive development of 
Karachaganak gas-condensate field.  

The same operations are executed at Balapan and Degelen sites (STS) by the Institute for Radiation 
Safety and Ecology of NNC RK and at Azgir site by the Institute of Nuclear Physics of NNC RK.  

It should be noted that currently, the investigation of radiation situation is performed for part of the 
sites where PNE took place. The investigation covers the territory of the sites as well as the adjacent 
areas and settlements in radius of ~ 30 km from emplacement borehole bench mark. Ionizing radiation 
exposure dose rates are estimated as well as the specific activity of man-made and natural 
radionuclides in the environment (air, vegetation, surface, well and ground waters, soil). 

The following PNE territories were investigated: Azgir test site (10 sites), LIRA test site (6 sites), 
MANGYSHLAK territories (3 sites), a number of PNE territories at the Semipalatinsk test site (STS). 
There is a regular radioecological monitoring over Azgir test site, LIRA test site and some PNE 
territories at STS. 

We should emphasize that currently, none of the 39 territories where underground nuclear explosions 
took place in Kazakhstan are used for their purposes. 

General analysis performed for the territories [4] where peaceful nuclear explosions were conducted in 
Kazakhstan shows that the territories have specific features as follows: 

• Due to previous restrictions, customers and performers did not produce documents for 
underground nuclear tests for economic purposes; 

• To the present day the areas where explosions were conducted are not numbered to one and the 
same government categorization (except for Lira site); 

• Potential ecological hazard at some of the PNE territories. The degree of the hazard is still 
unknown and is hard-to-predict; 

• Long-term and uncontrolled radiation contamination impact to the environment and definite part 
of Kazakhstan population. 

Unfortunately, there have been no in-field investigations of radioecological situation or visual 
inspection of emplacement borehole structures and bench marks condition and preservation carried out 
at the sites such as REGION-3 and REGION-5, BATOLIT-2, MERIDIAN-1, 2, 3 and a number of 
PNE territories at STS since the Republic of Kazakhstan had become independent. 

Authors invite foreign specialists and scientists to cooperate and participate in the solution of the 
urgent problems of removal of nuclear test consequences in the Republic of Kazakhstan. 

In conclusion it should be pointed out that unreasonable delay with the implementation of the 
remediation activities, may result in undesirable consequences. 
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Abstract. The US Department of Energy (DOE) has contracted for the cleanup and closure of former 
nuclear facilities sites using turn-key, performance-based incentive contracts that integrate the complete range of 
project management, decontamination and demolition, waste management, and environmental restoration 
strategies. This paper describes, from the contractor’s perspective, several of the decommissioning strategies 
developed during the $7 billion decommissioning of the former Rocky Flats Nuclear Weapons Plant, and 
subsequently deployed to other DOE nuclear decommissioning programs. Lessons learned from the approaches 
taken at Rocky Flats and deployed to decommissioning programs at the DOE Hanford, Mound, Idaho, and 
Savannah River Sites include management, contractual, regulatory, and technological aspects of the work.  

1. Background
Prior to 1995, the U.S. Department of Energy (DOE) managed its complex of government nuclear 
weapons sites using Management and Operations (M&O) contractors. The operation of the sites 
involved the nuclear material missions, the safe and secure maintenance of the sites, and discreet 
cleanup activities. From the cleanup perspective, the sites consisted of buildings, process and storage 
equipment, and soil and groundwater regimes, all of which were heavily contaminated both 
radiologically and chemically. The sites also contained nuclear material of potential future use and 
nuclear chemical waste, either stored in containers and tanks or held up in the process lines. The 
decisions about what cleanup activities would be undertaken at a particular site, and when, were made 
by DOE. DOE decided what technologies and methods would be used, and retained responsibility for 
the outcomes of the technology decisions. This was a period when very little was known about the 
nature and extent of the environmental problems at these sites, the problems that were understood had 
never been tackled before, and the contracting approach was generally appropriate to the time.  
Technologically, it can be said that the risk of innovative approaches was largely retained by DOE and 
risk-reward opportunities for the M&O contractors were limited.  

Between 1995 and 2000, a new contracting model for cleanup work was introduced to a few of the 
sites in the weapons complex, beginning with the Rocky Flats Environmental Technology Site. The 
Management and Integration (M&I) contract awarded to a CH2M HILL-led joint venture known as 
Kaiser-Hill Company for cleanup work at Rocky Flats contained new requirements, responsibilities, 
and risk-reward terms. Kaiser-Hill was charged with developing a plan and a schedule for the site 
security, safe maintenance, and cleanup activities, and supporting DOE in negotiations with the US 
Environmental Protection Agency (EPA), the Colorado Department of Public Health and 
Environment, and stakeholder communities, to agree on the level of cleanup and to set milestones for 
the completion of activities defined so as to show measurable progress on the road to site closure.  
DOE provided incentives for completion of the agreed milestones on or ahead of schedule. DOE also 
provided incentives for Kaiser-Hill to complete the milestone activities under budget. Under the M&I 
model, a measure of risk-reward for innovation was transferred to the contractor to accomplish DOE-
directed cleanup activities, and the incentives were performance-based rather than technology-based.  
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the completion of activities defined so as to show measurable progress on the road to site closure.  
DOE provided incentives for completion of the agreed milestones on or ahead of schedule. DOE also 
provided incentives for Kaiser-Hill to complete the milestone activities under budget. Under the M&I 
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2. New business model unleashes technology 
In 2000, DOE established another new business approach in the form of a closure contract, which 
opened the way for a new technology management concept. Again, the Rocky Flats Site was the 
first to institute a fully incentive-based business model for dealing with the environmental problems 
faced by the weapons complex. The Rocky Flats closure contract has since become a model for 
contracting at contaminated sites that have a similar mission; namely, cleanup and closure. For sites 
that will have a continuing mission beyond cleanup, such at Hanford, Idaho and Savannah River, the 
same business model nevertheless applies for the contaminated areas. 

The closure contract is open-ended in several important ways. The scope is defined in environmental 
terms – completion of cleanup – but not in time. Instead, the contractor is working under an agreed 
target cost and schedule. The contractor shares the reward of scope completion ahead of target cost 
and schedule, and the consequence of completion over target cost or later than target schedule. That is, 
the concept of the closure model establishes a multi-year agreed cost/schedule point, and a fee curve in 
cost/schedule space against which savings or losses are shared by DOE and the contractor.  There are 
no performance measures, and progress is determined by earned value. In the case of the Rocky Flats 
closure scope, all cost-schedule-technology responsibility and risk was transferred to Kaiser-Hill.  

This business model had its intended effect. The incentive to improve operational efficiencies through 
technology is enhanced in proportion to the level of performance risk-reward transferred to the 
contractor. A major plus for the closure concept is that productivity (i.e. safety, cost, and schedule 
improvement) is incentivized by the fee curve set for the entire project rather than individual fees 
associated with specific activity performance measures. Under the closure agreement, DOE and the 
contractor de facto baseline the needed technology efficiencies up front without having identified and 
developed the specific technologies for many of the cleanup activities to be undertaken.  That is, the 
technology innovation is implicit in the negotiated cost/schedule target. This is standard business 
practice in many industries. Year-upon-year productivity improvements are assumed in many 
company strategic plans, although the technology to deliver the expected results still needs to be 
developed. Yet this model has only been applied in the nuclear cleanup industry in the last five years 
as a better understanding of the actual cleanup problems has begun to emerge. Note that it is important 
to understand the problems, but not the solutions, in order to begin to make real progress. For 
example, the U.S. EPA Superfund Program for cleaning up contaminated industrial sites began very 
slowly. One of the reasons cited for this was that studies were carried out to understand the problems 
at a given site, and then studies were done to determine the solution before the work was begun.  In 
many cases, a better solution was always apparent on the horizon.  

Since it is a multi-year fixed-scope but open-ended agreement between, the closure contract enables 
technology pursuits to be multi-year. This is something that generally did not occur – or at least in 
some measure was disincentivized – under the M&I scheme since performance measures and 
milestones were always at hand. Obviously, short term performance metrics have a dampening effect 
on the full potential of technology utilization. Another technology-liberating aspect of the closure 
contract model is the absence of a specified work breakdown structure (WBS) and a specified 
schedule of work activities. The contractor is free to break the work down into whatever activities are 
deemed advantageous for project management purposes, and to schedule the activities in whatever 
sequence yields the most efficiency in completing the cleanup mission. Under the M&I and M&O 
schemes, the DOE, in consultation with regulatory and stakeholder parties, generally directed that the 
work be sequenced so as to reduce the greatest perceived risk first, the next greatest perceived risk 
second, and so forth. This may be a good strategy on one level, but for some types of problems, it 
may complicate or slow the overall project completion.  The perceived risk to the public is not always 
the actual risk, and the effort to reduce a particular perceived public risk may increase the actual 
worker risk in the process. Completing the cleanup safely, in as short a time as possible, is the best 
way to eliminate the entire risk to both workers and the community. 

The other major plus for the closure contract concept is that programmatic risk assessment (PRA), a 
key business technology, can be employed. The benefits of using the PRA process for planning and 
executing a large-scale project include the ability to concentrate resources on problems before they 
impact the critical path. In the quest to exploit technology as much as possible, the PRA process had 

the effect of pro-actively identifying technology risks to closure cost and schedule, enabling us to 
plan alternative technology solutions well in advance of their needed deployment. 

The objective of the PRA process, as it applies to a closure project, is to identify the risks to cost and 
schedule of site cleanup and closure. As the term is used here, risk refers to the uncertainty that the 
cleanup activities can be accomplished within their planned costs and times, coupled with the impact 
of an activity overrun on the overall project completion. For every cleanup activity there is an 
associated cost and duration, whose estimates involve various uncertainties. An essential aspect of the 
uncertainty is whether the technologies to accomplish the activity will perform as planned. To the 
extent that the technologies assumed for a particular activity require development and/or 
demonstration for that application, the uncertainty increases. In the case of a large project like the 
cleanup of Rocky Flats ($7 billion over 10 years), there are some 40,000 activities, of which more than 
10,000 were tracked by the project scheduling system. Typically, the scheduling system is used to 
determine a project critical path. For PRA purposes, the system is used to calculate a probabilistic 
critical path rather than a deterministic one. Each activity is entered, not with cost and duration 
estimates, but with cost and duration ranges. Probability distributions are also entered for those ranges, 
based on the nature and uncertainty of the estimates for those ranges. The schedule is then run in 
Monte Carlo mode, yielding multiple completion costs and schedules and a statistical, cumulative 
probability of each scenario and outcome. There is a critical path, cost and completion date having the 
highest probability, and there are many “near-critical paths” with associated costs and completion 
dates.  An adjunct to the statistical critical path output is a Pareto Chart, which identifies and ranks the 
cleanup activities that pose the greatest risks to successful project completion. For high-risk activities 
that are near-term, management is usually well aware of the issue already. However, for such activities 
that are scheduled two or three years down the road, resources can be allocated ahead of time so as to 
avoid or mitigate the risk. 

So how can the PRA systems technology be used to exploit the benefits of hard technology – in this 
sense, the equipment, engineered processes (chemical, mechanical), application methods, 
instrumentation, technical approaches, and knowledge – used in the cleanup operations? As mentioned 
above, for each cleanup activity (e.g. stripping out a set of contaminated gloveboxes and toolworks, 
cleaning out a sludge tank, etc.) there are technologies with an element of uncertainty as to their 
performance. This in turn is factored into the range of cost and duration estimates for that activity.  
The technology uncertainty can be characterized in terms of its readiness for its intended application, 
as follows:  

� Has been proven onsite under actual conditions; performance is known;  

� Has been demonstrated onsite; under actual conditions; is operationally ready; a contract 
operator has been identified;  

� Has been demonstrated at other site(s); under similar conditions;  

� Has completed full scale development and demonstration;  

� Is in development at the laboratory level.  

For those cleanup activities shown on a Pareto Chart as high-risk, the cause may or may not be due to 
technology. If technology is the issue, then we have identified a need for an alternative technology or 
for an accelerated development and demonstration of the planned technology. The PRA process thus 
helps us to avoid a “train wreck” ahead of time.  If technology is not the issue, then we have identified 
an opportunity to insert a better technology if it can be found/developed on time. In this case, the PRA 
process helps us to reduce the cost and/or schedule for site cleanup and closure. In either case, because 
the closure contract allows for us to reschedule the work as needed, resources can be redeployed to a 
certain extent until a solution is found and developed.  If there is enough time before the problem 
becomes critical, in the sense that it impacts the closure critical path or near critical path, then the 
schedule logic is revisited to see if an alternative technical approach to the activity can be introduced. 
For example, if the problem activity is the shipping of certain containers for disposal and the 
technology involved is the method of processing the contents, then the solution might be to introduce a 
new type of container and container-assay instrument rather than to work on a new method of 
processing the contents. 
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technology involved is the method of processing the contents, then the solution might be to introduce a 
new type of container and container-assay instrument rather than to work on a new method of 
processing the contents. 

Athens - Book of Contributed Papers A4.indd   477 2006-11-06   14:11:29



478

PRA has become a powerful tool in making decisions about the development and deployment of new 
technology. To be sure, we are continually looking for innovations that will improve upon safety, cost, 
and schedule, as well as human resource requirements.  In addition to these productivity factors, as 
mentioned above, there are cases where new technology or a new technical approach is needed to 
enable a cleanup activity that has no feasible path forward. With these objectives in mind, we can say 
what the PRA tool helps us to accomplish the following:  

� Prioritize our efforts on those activities most in need of alternative technology to improve upon 
the safety, cost and schedule for site closure: “80% of the risk is driven by 20% of the 
activities”;  

� Schedule our efforts to have the needed technical services ready when the innovation is needed: 
“Window of opportunity”; and  

� Support scenario development and alternative technology sensitivity analysis efforts using 
CH2M HILL’s WISE Model: “Bottom line impact”.  

As used here, PRA does not describe the risk that a technology will or will not perform as designed, 
but rather addresses how significantly that fact or occurrence will affect the site closure. The former 
is of course a commercial contracting matter, but the decision to deploy that technology does depend 
on the results of the PRA process. The WISE, or What-if Scenario Evaluation, Model looks at various 
alternative technologies/technical approaches and possible outcomes to help establish the overall 
closure project benefit derived from making a change in a given activity or set of activities, the 
activity logic, and/or the activity sequencing.  

One important aspect of the risk-based, probabilistic approach to technology selection, is that multiple 
technology options for solving a problem must be pursued in parallel. It is not sufficient to try one 
thing at a time, and wait to see how it works out.  Under the risk-reward terms of a closure contract, 
the one-thing-at-a-time, wait-and-see approach may yield a break-through here and there, but over the 
hundreds of problems that will be encountered, the overwhelming odds are that the project will 
overrun. Furthermore, resources must be expended for multiple technologies, not only on the 
baseline/critical path activities, but on – off-baseline/near critical path activities in order to cover our 
technology “bets”. Inevitably, some technology options will work, others will fail; of those that work, 
it’s often not possible to know which will prove to be the most efficient a priori. Examples of this 
decision-making approach to technology will be given in the discussions below about 
decontamination, demolition, and waste shipping.  

While it is a standard business principle to assume continually increasing productivity improvement, it 
is difficult to achieve in practice in a nuclear project with so many unknowns in the project definition, 
the WBS, and the technology assumptions. The answer is to begin the work with available, proven 
technology, and make improvements as we go along. The methods for decontaminating a glove box 
may be good enough to meet the pace of activity in year one, but a better method will be needed for 
the pace built into the baseline for year two. Fortunately, the PRA model provides a way to manage 
technology in this environment. The unknowns and technology uncertainties are built into the model, 
the inputs are updated to reflect progress as well as new problems encountered, and the PRA process is 
exercised continuously. In this way, the programmatic risk is gradually reduced over the life of the 
project by the development and deployment of new technologies over the life of the project. In short, 
the name of the technology game is programmatic risk reduction along the statistical critical path(s).  

The technology business model applies both to the contractor and to DOE, since both parties have a 
stake in the outcome of the technologies deployed. The closure contract transfers the responsibility 
and risk-reward for technology selection from DOE to the contractor, but only for the cleanup work 
that is under the control of the contractor. The DOE necessarily retains scope for items that can only 
be delivered by the government – these include control over timely decision and approval processes, 
development and availability of government-owned treatment and disposal sites, unique/secure 
transport containers and services, standards, acceptance criteria, and regulations governing the 
contractor’s activities, and so forth. The DOE also retains a share in the cumulative savings or losses 
relative to the agreed target cost for site cleanup and closure. The pursuit of new technology is 

essentially a partnership agreement whereby both DOE and the contractor have distinct, defined 
scopes that are mutually dependent. An outgrowth of this was an innovative DOE program designed 
by DOE and the contractor to share the cost and risk of developing and deploying new technologies.  

3. Decommissioning innovations and deployment to other programs
Innovation is fundamental to a contractor’s ability to deliver decommissioning projects to accelerated 
schedules at precedent-setting cost savings. The concept of innovation underpins the entire Project 
Delivery process from tendering for work through to project completion.  

4. Innovations in prime contracting approaches 
In 2000, the U.S. Department of Energy pioneered the innovative and flexible closure contracts that 
enable accelerated decommissioning activities at its Rocky Flats, Fernald, Mound, and Savannah River 
nuclear facilities, and served as the model for the Idaho Completion and River Corridor Completion 
Projects awarded in 2005.  The major attributes of the contracting model include: 

• A commitment by the contractor and the client to work together to achieve contract goals; 

• A commitment from the client to streamline and eliminate non-value added contractual 
requirements; 

• Written “Statement of Commitments” by the client and the contractor to streamline several key 
performance areas amenable to streamlining (e.g., property management, nuclear licensing 
approach, etc.); 

• Requirement for the client and contractor to establish a Partnering Agreement; 

• Promise of annual funding each fiscal year for contract duration to support contract objectives; 

• Authorisation for the contractor to perform the entire scope of work in the contract (thus, year-
to- year client approval of work scope not required); 

• Relatively large baseline change control thresholds before regional (>US$20 million) or 
headquarters client involvement is required (>US$40 million); 

• Contract allows contractor to establish monetary incentive awards to motivate and recognise 
performance that are an allowable cost under the contract; 

• Contract allows the contractor to notify the client when a regulatory requirement is no longer 
applicable when the reason for a requirement goes away (for example, when special nuclear 
material is removed from the Site, certain security requirements are no longer needed). 

A specific contract innovation developed at Rocky Flats that has been successfully applied at other 
nuclear decommissioning projects is the concept of a performance-based fee approach using an earned 
value measurement system, which rewards the contractor for overall decommissioning project 
performance. This approach has been successfully employed at DOE’s Mound, Fernald, Hanford, 
Savannah River, and Idaho decommissioning projects, and the contractor’s fee is determined based on 
objective project performance measures, such as cost variance and schedule variance. Performance is 
measured using a client-approved earned value management system, and there are additional cost 
savings incentives provided via a negotiated share line of savings. This method of contracting provides 
for an equitable sharing of cost risk between the client and the contractor by establishing a Target Cost 
for the performance of the Scope of Work (bid by the contractors on a competitive basis) and a cost 
share ratio. The cost share ratio provides a mechanism to incentivize the contractor for cost savings 
below the Target Cost (increase fee earned) and hold the Contractor accountable for cost growth above 
the Target Cost (decrease fee earned), see Figure 1. 
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and schedule, as well as human resource requirements.  In addition to these productivity factors, as 
mentioned above, there are cases where new technology or a new technical approach is needed to 
enable a cleanup activity that has no feasible path forward. With these objectives in mind, we can say 
what the PRA tool helps us to accomplish the following:  

� Prioritize our efforts on those activities most in need of alternative technology to improve upon 
the safety, cost and schedule for site closure: “80% of the risk is driven by 20% of the 
activities”;  

� Schedule our efforts to have the needed technical services ready when the innovation is needed: 
“Window of opportunity”; and  

� Support scenario development and alternative technology sensitivity analysis efforts using 
CH2M HILL’s WISE Model: “Bottom line impact”.  

As used here, PRA does not describe the risk that a technology will or will not perform as designed, 
but rather addresses how significantly that fact or occurrence will affect the site closure. The former 
is of course a commercial contracting matter, but the decision to deploy that technology does depend 
on the results of the PRA process. The WISE, or What-if Scenario Evaluation, Model looks at various 
alternative technologies/technical approaches and possible outcomes to help establish the overall 
closure project benefit derived from making a change in a given activity or set of activities, the 
activity logic, and/or the activity sequencing.  

One important aspect of the risk-based, probabilistic approach to technology selection, is that multiple 
technology options for solving a problem must be pursued in parallel. It is not sufficient to try one 
thing at a time, and wait to see how it works out.  Under the risk-reward terms of a closure contract, 
the one-thing-at-a-time, wait-and-see approach may yield a break-through here and there, but over the 
hundreds of problems that will be encountered, the overwhelming odds are that the project will 
overrun. Furthermore, resources must be expended for multiple technologies, not only on the 
baseline/critical path activities, but on – off-baseline/near critical path activities in order to cover our 
technology “bets”. Inevitably, some technology options will work, others will fail; of those that work, 
it’s often not possible to know which will prove to be the most efficient a priori. Examples of this 
decision-making approach to technology will be given in the discussions below about 
decontamination, demolition, and waste shipping.  

While it is a standard business principle to assume continually increasing productivity improvement, it 
is difficult to achieve in practice in a nuclear project with so many unknowns in the project definition, 
the WBS, and the technology assumptions. The answer is to begin the work with available, proven 
technology, and make improvements as we go along. The methods for decontaminating a glove box 
may be good enough to meet the pace of activity in year one, but a better method will be needed for 
the pace built into the baseline for year two. Fortunately, the PRA model provides a way to manage 
technology in this environment. The unknowns and technology uncertainties are built into the model, 
the inputs are updated to reflect progress as well as new problems encountered, and the PRA process is 
exercised continuously. In this way, the programmatic risk is gradually reduced over the life of the 
project by the development and deployment of new technologies over the life of the project. In short, 
the name of the technology game is programmatic risk reduction along the statistical critical path(s).  

The technology business model applies both to the contractor and to DOE, since both parties have a 
stake in the outcome of the technologies deployed. The closure contract transfers the responsibility 
and risk-reward for technology selection from DOE to the contractor, but only for the cleanup work 
that is under the control of the contractor. The DOE necessarily retains scope for items that can only 
be delivered by the government – these include control over timely decision and approval processes, 
development and availability of government-owned treatment and disposal sites, unique/secure 
transport containers and services, standards, acceptance criteria, and regulations governing the 
contractor’s activities, and so forth. The DOE also retains a share in the cumulative savings or losses 
relative to the agreed target cost for site cleanup and closure. The pursuit of new technology is 

essentially a partnership agreement whereby both DOE and the contractor have distinct, defined 
scopes that are mutually dependent. An outgrowth of this was an innovative DOE program designed 
by DOE and the contractor to share the cost and risk of developing and deploying new technologies.  

3. Decommissioning innovations and deployment to other programs
Innovation is fundamental to a contractor’s ability to deliver decommissioning projects to accelerated 
schedules at precedent-setting cost savings. The concept of innovation underpins the entire Project 
Delivery process from tendering for work through to project completion.  

4. Innovations in prime contracting approaches 
In 2000, the U.S. Department of Energy pioneered the innovative and flexible closure contracts that 
enable accelerated decommissioning activities at its Rocky Flats, Fernald, Mound, and Savannah River 
nuclear facilities, and served as the model for the Idaho Completion and River Corridor Completion 
Projects awarded in 2005.  The major attributes of the contracting model include: 

• A commitment by the contractor and the client to work together to achieve contract goals; 

• A commitment from the client to streamline and eliminate non-value added contractual 
requirements; 

• Written “Statement of Commitments” by the client and the contractor to streamline several key 
performance areas amenable to streamlining (e.g., property management, nuclear licensing 
approach, etc.); 

• Requirement for the client and contractor to establish a Partnering Agreement; 

• Promise of annual funding each fiscal year for contract duration to support contract objectives; 

• Authorisation for the contractor to perform the entire scope of work in the contract (thus, year-
to- year client approval of work scope not required); 

• Relatively large baseline change control thresholds before regional (>US$20 million) or 
headquarters client involvement is required (>US$40 million); 

• Contract allows contractor to establish monetary incentive awards to motivate and recognise 
performance that are an allowable cost under the contract; 

• Contract allows the contractor to notify the client when a regulatory requirement is no longer 
applicable when the reason for a requirement goes away (for example, when special nuclear 
material is removed from the Site, certain security requirements are no longer needed). 

A specific contract innovation developed at Rocky Flats that has been successfully applied at other 
nuclear decommissioning projects is the concept of a performance-based fee approach using an earned 
value measurement system, which rewards the contractor for overall decommissioning project 
performance. This approach has been successfully employed at DOE’s Mound, Fernald, Hanford, 
Savannah River, and Idaho decommissioning projects, and the contractor’s fee is determined based on 
objective project performance measures, such as cost variance and schedule variance. Performance is 
measured using a client-approved earned value management system, and there are additional cost 
savings incentives provided via a negotiated share line of savings. This method of contracting provides 
for an equitable sharing of cost risk between the client and the contractor by establishing a Target Cost 
for the performance of the Scope of Work (bid by the contractors on a competitive basis) and a cost 
share ratio. The cost share ratio provides a mechanism to incentivize the contractor for cost savings 
below the Target Cost (increase fee earned) and hold the Contractor accountable for cost growth above 
the Target Cost (decrease fee earned), see Figure 1. 
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The cost share ratio provides an incentive for the contractor to keep costs low. 

Figure 1. Example Target Cost Incentive for a Nuclear Facility Decommissioning Project 

For the non-closure/completion contract to manage and operate the DOE Hanford High-Level Liquid 
Waste Tank Farms, DOE and the contractor negotiated a two-tiered fee determination approach based 
on 1) achieving specified milestones, and 2) identifying savings in work so that additional “unfunded 
work” can be performed – the fee can be up to 20% negotiated for individual work items. 

5. Innovations in subcontracting and supply chain approaches 
CH2M HILL, as the managing partner of Kaiser-Hill Company LLC, initially developed a 
subcontracting approach at the Rocky Flats Closure Project that has been successfully deployed at 
other major DOE nuclear decommissioning  projects at Mound and Idaho. The general subcontracting 
approach is to: 

• Develop discrete project focused subcontracts – what gets measured, gets done; 

• Maximize competitive subcontracting opportunities; 

• Streamline requirements to attract broadest possible competitive base; 

• Improve emphasis on subcontractor safety and compliance; 

• Increase number of fixed price subcontracts. 
In addition, CH2M HILL developed specific supply chain innovations to reduce costs and improve 
performance schedules. For example, we reduced overall project costs at Rocky Flats by negotiating a 
cap on the mark-up charged for staff augmentation subcontractors across the board on over 70 
subcontracts, saving more than US$50 million. We simplified the requirements on more than a dozen 
procurement specifications for waste containers, reducing the cost and improving the lead time. We 
consolidated the procurement processes of over 20 on-site subcontractors into one system, 
streamlining, improving compliance, and generating savings based on volume purchases. We 
negotiated blanket agreements on site specific commodities (waste containers, PPE, hand tools) that 
have compensation structures exportable to other sites and projects. 

Many nuclear decommissioning projects include completion criteria involving decommissioning and 
demolition of non-nuclear support facilities. These facilities are often managed under the same 
umbrella as nuclear buildings, driving up costs significantly. At Rocky Flats, CH2M HILL developed 

a subcontracting approach to establish a safe, repeatable commercial process for decommissioning 
non-nuclear facilities, employing the principles of Integrated Safety Management (ISMS) while 
significantly lowering costs. 

CH2M HILL selected administrative Building 111 for a pilot decommissioning project based on the 
commercial process. We benchmarked similar, regional commercial projects, analysed the differences 
between commercial and U.S. DOE projects, and developed equivalency matrices based on review of 
75 laws and orders and more than a dozen site infrastructure requirements (such as site Safety 
Analysis Reports, Integrated Work Control Programmes, Conduct of Operations plans) to identify 
exemptions or equivalencies. We then removed redundancies (for example, the site OSH manual 
versus OSHA requirements) and clarified and simplified language (changing, for example, “Comply 
with U.S. DOE Conduct of Operations and U.S. DOE Order 5480.19” to “subcontractor will conduct a 
morning safety meeting”). We partnered with U.S. DOE to obtain agreement on approach (compliance 
to SOW and controls rather than U.S. DOE orders), developed a commercial contract and issued a 
request for proposals. The resulting bid documents contained less than 50 requirements, down from 
the standard 150.CH2M HILL obtained 35 expressions of interest from local firms, 18 of which met 
prequalification criteria. Thirteen of the companies bid, and 8 made the competitive range. The 
decommissioning of Building 111 was completed for US$550,000, 76% less than the estimate of 
US$2.3 million. Using this approach for other non-nuclear buildings at Rocky Flats, CH2M HILL 
saved nearly US$82 million. 

6. Innovative use of decontamination and decommissioning technology 
To address the high levels and varied forms of contamination in building and process equipment at the 
multiple decommissioning sites, CH2M HILL has solved many problems with new technologies and 
methods. Uncertainties are inherent in that much of the work is being undertaken for the first time, and 
that the technologies and methods had to be steadily improved every year of the project in order to 
meet the strict budget and schedule constraints for overall site cleanup and closure. For the 
decontamination and decommissioning/demolition (D&D) work, two technology strategies were 
developed and followed throughout. One strategy was to invest resources in many different 
technologies simultaneously, many of them based on seemingly opposite scientific or engineering 
principles.  Most of the time, there was no way to know in advance which ones would work and which 
ones would not, nor to know which ones would end up being the more cost and time efficient and for 
which applications. As it turned out, many technologies failed, some technologies worked, and no 
single technology proved to be the best way to go for every application. It seems intuitive to say now 
that what is needed is a tool box with a broad range of tools, but if one listened to what the vendors 
were claiming, it was not obvious at the outset. The other technology strategy was introduced before; 
namely, to move forward with whatever D&D technologies seemed feasible at the time, while 
continually looking to improve upon those technologies or develop new ones and substitute them 
when they reached the point of demonstrating that they were both effective and more productive than 
the current method.  

Regarding decontamination, we invested in many varied technologies to deal with the challenges 
presented by both the buildings and the production equipment that had to be decontaminated and 
properly stabilized for disposal. At the same time, we also invested resources in what might be 
considered an opposite approach; namely, a range of technologies for the size reduction of buildings 
and equipment. This is an opposing approach in the sense that the more things were reduced in size, 
the less they needed to be decontaminated, and vice versa. For both approaches, we knew that some of 
the technologies might not work, or might cause new problems to emerge.  We also expected that a 
suite of working technologies might be needed before the most cost effective and quickest approach 
would emerge. 
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The cost share ratio provides an incentive for the contractor to keep costs low. 

Figure 1. Example Target Cost Incentive for a Nuclear Facility Decommissioning Project 

For the non-closure/completion contract to manage and operate the DOE Hanford High-Level Liquid 
Waste Tank Farms, DOE and the contractor negotiated a two-tiered fee determination approach based 
on 1) achieving specified milestones, and 2) identifying savings in work so that additional “unfunded 
work” can be performed – the fee can be up to 20% negotiated for individual work items. 

5. Innovations in subcontracting and supply chain approaches 
CH2M HILL, as the managing partner of Kaiser-Hill Company LLC, initially developed a 
subcontracting approach at the Rocky Flats Closure Project that has been successfully deployed at 
other major DOE nuclear decommissioning  projects at Mound and Idaho. The general subcontracting 
approach is to: 

• Develop discrete project focused subcontracts – what gets measured, gets done; 

• Maximize competitive subcontracting opportunities; 

• Streamline requirements to attract broadest possible competitive base; 

• Improve emphasis on subcontractor safety and compliance; 

• Increase number of fixed price subcontracts. 
In addition, CH2M HILL developed specific supply chain innovations to reduce costs and improve 
performance schedules. For example, we reduced overall project costs at Rocky Flats by negotiating a 
cap on the mark-up charged for staff augmentation subcontractors across the board on over 70 
subcontracts, saving more than US$50 million. We simplified the requirements on more than a dozen 
procurement specifications for waste containers, reducing the cost and improving the lead time. We 
consolidated the procurement processes of over 20 on-site subcontractors into one system, 
streamlining, improving compliance, and generating savings based on volume purchases. We 
negotiated blanket agreements on site specific commodities (waste containers, PPE, hand tools) that 
have compensation structures exportable to other sites and projects. 

Many nuclear decommissioning projects include completion criteria involving decommissioning and 
demolition of non-nuclear support facilities. These facilities are often managed under the same 
umbrella as nuclear buildings, driving up costs significantly. At Rocky Flats, CH2M HILL developed 

a subcontracting approach to establish a safe, repeatable commercial process for decommissioning 
non-nuclear facilities, employing the principles of Integrated Safety Management (ISMS) while 
significantly lowering costs. 

CH2M HILL selected administrative Building 111 for a pilot decommissioning project based on the 
commercial process. We benchmarked similar, regional commercial projects, analysed the differences 
between commercial and U.S. DOE projects, and developed equivalency matrices based on review of 
75 laws and orders and more than a dozen site infrastructure requirements (such as site Safety 
Analysis Reports, Integrated Work Control Programmes, Conduct of Operations plans) to identify 
exemptions or equivalencies. We then removed redundancies (for example, the site OSH manual 
versus OSHA requirements) and clarified and simplified language (changing, for example, “Comply 
with U.S. DOE Conduct of Operations and U.S. DOE Order 5480.19” to “subcontractor will conduct a 
morning safety meeting”). We partnered with U.S. DOE to obtain agreement on approach (compliance 
to SOW and controls rather than U.S. DOE orders), developed a commercial contract and issued a 
request for proposals. The resulting bid documents contained less than 50 requirements, down from 
the standard 150.CH2M HILL obtained 35 expressions of interest from local firms, 18 of which met 
prequalification criteria. Thirteen of the companies bid, and 8 made the competitive range. The 
decommissioning of Building 111 was completed for US$550,000, 76% less than the estimate of 
US$2.3 million. Using this approach for other non-nuclear buildings at Rocky Flats, CH2M HILL 
saved nearly US$82 million. 

6. Innovative use of decontamination and decommissioning technology 
To address the high levels and varied forms of contamination in building and process equipment at the 
multiple decommissioning sites, CH2M HILL has solved many problems with new technologies and 
methods. Uncertainties are inherent in that much of the work is being undertaken for the first time, and 
that the technologies and methods had to be steadily improved every year of the project in order to 
meet the strict budget and schedule constraints for overall site cleanup and closure. For the 
decontamination and decommissioning/demolition (D&D) work, two technology strategies were 
developed and followed throughout. One strategy was to invest resources in many different 
technologies simultaneously, many of them based on seemingly opposite scientific or engineering 
principles.  Most of the time, there was no way to know in advance which ones would work and which 
ones would not, nor to know which ones would end up being the more cost and time efficient and for 
which applications. As it turned out, many technologies failed, some technologies worked, and no 
single technology proved to be the best way to go for every application. It seems intuitive to say now 
that what is needed is a tool box with a broad range of tools, but if one listened to what the vendors 
were claiming, it was not obvious at the outset. The other technology strategy was introduced before; 
namely, to move forward with whatever D&D technologies seemed feasible at the time, while 
continually looking to improve upon those technologies or develop new ones and substitute them 
when they reached the point of demonstrating that they were both effective and more productive than 
the current method.  

Regarding decontamination, we invested in many varied technologies to deal with the challenges 
presented by both the buildings and the production equipment that had to be decontaminated and 
properly stabilized for disposal. At the same time, we also invested resources in what might be 
considered an opposite approach; namely, a range of technologies for the size reduction of buildings 
and equipment. This is an opposing approach in the sense that the more things were reduced in size, 
the less they needed to be decontaminated, and vice versa. For both approaches, we knew that some of 
the technologies might not work, or might cause new problems to emerge.  We also expected that a 
suite of working technologies might be needed before the most cost effective and quickest approach 
would emerge. 
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The process equipment that needed to be stripped out of the buildings and disposed of included 
gloveboxes, machinery, furnaces, chemical reactors, tanks, remote manipulators, piping and 
valvework, and ductwork, air movers, and filter systems. For the first approach for decontamination, 
we tried both wet and dry methods. Wet processes included various chemical washes, redox reactions, 
chelants, and so forth. One interesting example came out of the former plutonium production 
processes at Hanford and Rocky Flats. This was the use of cerium nitrate in acidic solution. The 
rationale was that if it was effective for recovery of plutonium for production purposes, it was 
effective for extraction of plutonium contamination in the process equipment as well. After initial use 
of this technology proved successful, the method was further refined by developing a way to apply the 
chemical as an aerosol rather then a liquid. This had the obvious benefit of reducing the volume of 
byproduct waste generated by the decontamination process. Dry decontamination processes included 
carbon dioxide CO2 pellet blasting, nitrogen LN2 abrasion, sponge and soda media, and others. The 
objective for decontamination was to bring the equipment down from TRU levels of radiation (>100 
nCi/g,- 37 Bq/g in the case of plutonium contamination) to low level radioactive waste, or even to free 
release levels. Low level radioactive waste could be packaged in large sizes for disposal at the Nevada 
Test Site. Crates and cargo (e.g. “Sea-Land”) containers are typical for packaging and disposing of 
low level waste. By contrast, TRU waste must be packaged in drums (208-liter or 0.2 m3) or in 
Standard Waste Boxes, or SWBs (1.98 m3), both specially configured to fit in the TRUPACT II 
transport container designed for shipment to the Waste Isolation Pilot Plant (WIPP). Thus, 
decontamination of equipment to low level would reduce the amount of size reduction work needed.  
For items that could be decontaminated to free release levels, disposal at a municipal landfill was 
allowed. Of course, this further expanded the options for handling, packaging and transport. However, 
in many cases, it turned out that the cost of measuring and certifying that an item was eligible for free 
release exceeded the savings gained via the municipal disposal route. 

The payoff for decontamination of process equipment down to low level is three-fold: 

• Less size reduction work is required. This is first and foremost a safety issue.  It is very 
hazardous to cut up heavy gage stainless steel gloveboxes, pipework, machinery, and the like, 
particularly when it contains radioactive contaminants;  

• Fewer, but larger, containers need to be measured for radioactive content.  A significant amount 
of the cost of packaging, shipping and disposal is due to the regulatory protocols for 
measurement and certification of the container contents.  The fewer the containers, the lower the 
costs; 

• Handling low level materials is simpler.  It is far less hazardous to handle materials for 
packaging and shipping when their radioactivity levels have been reduced from TRU to low 
level.

As indicated, the decision to decontaminate various types of process equipment clearly takes into 
account not only the decontamination work, but the fact that the low level and TRU pathways have 
very different sets of container packaging requirements, different measurement, instrumentation, and 
certification requirements, different transport requirements, and different disposal sites with different 
waste acceptance criteria. For TRU wastes, the container options and geometries are limited and 
prescribed in much greater detail. For low level wastes, the container size is limited only by the 
ability to accurately measure the contents in terms of hazardous and radioactive constituents.  Therein 
lies another opportunity for technology innovation along the pathways of the decontamination 
approach to D&D.  

Early in the project at Rocky Flats, in order to push the limits on the container size for low level waste, 
we had a system developed to assay the radioactive contents of approved low level waste shipping 
crates (up to ~2.83 m3 with a precision and accuracy to meet the disposal site acceptance criteria and 
the U.S. Department of Transportation (DOT) shipping criteria. At the same time, looking further 
down the road for the next quantum step in productivity, we commissioned a feasibility study for 
developing an assay system for cargo containers. On a parallel track, we developed in-house, a 
measurement approach that was completely different – a statistical measurement based on multiple 
spot readings of radioactive intensity, designed to meet a Nuclear Regulatory Commission (NRC) 

criterion for a low level category known as Surface Contaminated Object (SCO) waste.  For this 
purpose, we had to modify existing instruments so that they could reliably measure at levels up to 480 
x 106 dpm/100 cm2 ( 800 MBq/sec x m2) and develop the application methods and software systems to 
convert the spot readings into a qualified ship/no-ship decision. It was easier to use the SCO system on 
the floor, while decontamination work was in progress, than to find later that a container of packaged 
waste equipment could not be shipped for disposal.  

The SCO toolbox also enabled the boundaries of productivity to be expanded in a new direction – the 
size of the container. Since it would no longer be necessary to assay the container the old way, the 
only limit on the size of the object to be shipped for disposal was the size that could be transported.  
We began to work with the coatings industry to find a way to wrap large pieces of equipment as-is, in 
such a way that they would meet all the performance requirements of a robust container. A method 
was developed that combined wrapping with an overcoat of polyurea that could be sprayed on. This 
equipment-package-container could be described radiologically as a self-contained waste. The bottom 
line for this approach was that decontamination and measurement could be integrated on the floor, and 
the amount of size reduction work could be minimized. One of the first examples of our combined 
decontamination-measurement-packaging technologies occurred when when we shipped three large 
pieces of furnace and machining equipment, one of which measured 7.6 x 3.05 x 2.74 m and weighed 
150 tons. Considering the worker hazards and time required to try to size reduce such items, even at a 
low level of radioactive contamination, this is truly a break-through innovation.  

Not every piece of equipment could be decontaminated to low levels. The contamination levels might 
be too high and/or too penetrating, for example. Or the equipment configuration might preclude access 
for the decontamination method to work, even when the aerosol technique was applied. These items 
had to be packaged and shipped as TRU waste, thus requiring that they be size reduced to fit into 
drums or Standard Waste Boxes (~1.83 x 0.9 x 1.22 m).  Obviously, we knew that bigger-and-faster is 
better when it comes to sizing, packaging, measuring and shipping.  

Bringing process equipment at TRU levels down in size to drum or SWB scale heightened the need to 
find safer yet more productive methods of cutting than conventional tools like sawzalls, nibblers, and 
such mechanical devices. The plasma torch had long been in use for welding, and to some extent 
cutting, and offered much higher cutting speeds with the materials of construction found at the 
weapons sites. Techniques and adaptations were developed to deal with fire hazards associated with 
gloveboxes and contaminants under high temperature, contain and control the particulate dispersion, 
and provide the workers with safe standoff yet improved control for plasma cutting. For large items 
such as tanks with organic/solvent residues, water jet cutters were deployed, again with appropriate 
adaptations for remote control. An integrated pipe cutting –with-containment method was developed 
for the radioactive contaminated process lines, and the method was modified and used on a larger scale 
for both radioactive and beryllium contaminated ventilation ducts and plenums. Other cutters, such as 
oxy-gasoline, magma/phosphorous, jig-saw and reciprocating wire saws, etc., were tested and costed 
out for the many potential applications, and deployed where appropriate. 

Innovation in the size reduction operations was not enough; we also needed to move to larger 
containers. The reasons were the same as the three reasons given above for low level, but all the more 
urgent for TRU levels of contamination. The drum was the only container for which a certified 
measurement system was available. While the WIPP disposal site could accept an SWB, there was no 
instrument that could assay its contents to meet the WIPP specification.  Items need only be reduced to 
a 1.22-m dimension to fit in an SWB, whereas a drum could only hold items of ~0.3-m dimension.  
The potential was there to reduce the hazards and the labor of size reduction by an order of magnitude.  
We prepared a concept specification for a new generation assay instrument and commissioned the 
development of what came to be known as the SuperHENC, or high-efficiency neutron counter with 
advanced analytical software, to measure the radioactive contents of an SWB. This proved to be 
another break-through technology, providing a quantum leap in the D&D and waste shipping of TRU 
materials.  

It was not possible to know in advance whether the technologies developed along the decontamination 
and size reduction pathways would deliver the needed cost and schedule reductions. Based on the 
types and quantities of process and storage equipment to be dispositioned within the closure contract 
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The process equipment that needed to be stripped out of the buildings and disposed of included 
gloveboxes, machinery, furnaces, chemical reactors, tanks, remote manipulators, piping and 
valvework, and ductwork, air movers, and filter systems. For the first approach for decontamination, 
we tried both wet and dry methods. Wet processes included various chemical washes, redox reactions, 
chelants, and so forth. One interesting example came out of the former plutonium production 
processes at Hanford and Rocky Flats. This was the use of cerium nitrate in acidic solution. The 
rationale was that if it was effective for recovery of plutonium for production purposes, it was 
effective for extraction of plutonium contamination in the process equipment as well. After initial use 
of this technology proved successful, the method was further refined by developing a way to apply the 
chemical as an aerosol rather then a liquid. This had the obvious benefit of reducing the volume of 
byproduct waste generated by the decontamination process. Dry decontamination processes included 
carbon dioxide CO2 pellet blasting, nitrogen LN2 abrasion, sponge and soda media, and others. The 
objective for decontamination was to bring the equipment down from TRU levels of radiation (>100 
nCi/g,- 37 Bq/g in the case of plutonium contamination) to low level radioactive waste, or even to free 
release levels. Low level radioactive waste could be packaged in large sizes for disposal at the Nevada 
Test Site. Crates and cargo (e.g. “Sea-Land”) containers are typical for packaging and disposing of 
low level waste. By contrast, TRU waste must be packaged in drums (208-liter or 0.2 m3) or in 
Standard Waste Boxes, or SWBs (1.98 m3), both specially configured to fit in the TRUPACT II 
transport container designed for shipment to the Waste Isolation Pilot Plant (WIPP). Thus, 
decontamination of equipment to low level would reduce the amount of size reduction work needed.  
For items that could be decontaminated to free release levels, disposal at a municipal landfill was 
allowed. Of course, this further expanded the options for handling, packaging and transport. However, 
in many cases, it turned out that the cost of measuring and certifying that an item was eligible for free 
release exceeded the savings gained via the municipal disposal route. 

The payoff for decontamination of process equipment down to low level is three-fold: 

• Less size reduction work is required. This is first and foremost a safety issue.  It is very 
hazardous to cut up heavy gage stainless steel gloveboxes, pipework, machinery, and the like, 
particularly when it contains radioactive contaminants;  

• Fewer, but larger, containers need to be measured for radioactive content.  A significant amount 
of the cost of packaging, shipping and disposal is due to the regulatory protocols for 
measurement and certification of the container contents.  The fewer the containers, the lower the 
costs; 

• Handling low level materials is simpler.  It is far less hazardous to handle materials for 
packaging and shipping when their radioactivity levels have been reduced from TRU to low 
level.

As indicated, the decision to decontaminate various types of process equipment clearly takes into 
account not only the decontamination work, but the fact that the low level and TRU pathways have 
very different sets of container packaging requirements, different measurement, instrumentation, and 
certification requirements, different transport requirements, and different disposal sites with different 
waste acceptance criteria. For TRU wastes, the container options and geometries are limited and 
prescribed in much greater detail. For low level wastes, the container size is limited only by the 
ability to accurately measure the contents in terms of hazardous and radioactive constituents.  Therein 
lies another opportunity for technology innovation along the pathways of the decontamination 
approach to D&D.  

Early in the project at Rocky Flats, in order to push the limits on the container size for low level waste, 
we had a system developed to assay the radioactive contents of approved low level waste shipping 
crates (up to ~2.83 m3 with a precision and accuracy to meet the disposal site acceptance criteria and 
the U.S. Department of Transportation (DOT) shipping criteria. At the same time, looking further 
down the road for the next quantum step in productivity, we commissioned a feasibility study for 
developing an assay system for cargo containers. On a parallel track, we developed in-house, a 
measurement approach that was completely different – a statistical measurement based on multiple 
spot readings of radioactive intensity, designed to meet a Nuclear Regulatory Commission (NRC) 

criterion for a low level category known as Surface Contaminated Object (SCO) waste.  For this 
purpose, we had to modify existing instruments so that they could reliably measure at levels up to 480 
x 106 dpm/100 cm2 ( 800 MBq/sec x m2) and develop the application methods and software systems to 
convert the spot readings into a qualified ship/no-ship decision. It was easier to use the SCO system on 
the floor, while decontamination work was in progress, than to find later that a container of packaged 
waste equipment could not be shipped for disposal.  

The SCO toolbox also enabled the boundaries of productivity to be expanded in a new direction – the 
size of the container. Since it would no longer be necessary to assay the container the old way, the 
only limit on the size of the object to be shipped for disposal was the size that could be transported.  
We began to work with the coatings industry to find a way to wrap large pieces of equipment as-is, in 
such a way that they would meet all the performance requirements of a robust container. A method 
was developed that combined wrapping with an overcoat of polyurea that could be sprayed on. This 
equipment-package-container could be described radiologically as a self-contained waste. The bottom 
line for this approach was that decontamination and measurement could be integrated on the floor, and 
the amount of size reduction work could be minimized. One of the first examples of our combined 
decontamination-measurement-packaging technologies occurred when when we shipped three large 
pieces of furnace and machining equipment, one of which measured 7.6 x 3.05 x 2.74 m and weighed 
150 tons. Considering the worker hazards and time required to try to size reduce such items, even at a 
low level of radioactive contamination, this is truly a break-through innovation.  

Not every piece of equipment could be decontaminated to low levels. The contamination levels might 
be too high and/or too penetrating, for example. Or the equipment configuration might preclude access 
for the decontamination method to work, even when the aerosol technique was applied. These items 
had to be packaged and shipped as TRU waste, thus requiring that they be size reduced to fit into 
drums or Standard Waste Boxes (~1.83 x 0.9 x 1.22 m).  Obviously, we knew that bigger-and-faster is 
better when it comes to sizing, packaging, measuring and shipping.  

Bringing process equipment at TRU levels down in size to drum or SWB scale heightened the need to 
find safer yet more productive methods of cutting than conventional tools like sawzalls, nibblers, and 
such mechanical devices. The plasma torch had long been in use for welding, and to some extent 
cutting, and offered much higher cutting speeds with the materials of construction found at the 
weapons sites. Techniques and adaptations were developed to deal with fire hazards associated with 
gloveboxes and contaminants under high temperature, contain and control the particulate dispersion, 
and provide the workers with safe standoff yet improved control for plasma cutting. For large items 
such as tanks with organic/solvent residues, water jet cutters were deployed, again with appropriate 
adaptations for remote control. An integrated pipe cutting –with-containment method was developed 
for the radioactive contaminated process lines, and the method was modified and used on a larger scale 
for both radioactive and beryllium contaminated ventilation ducts and plenums. Other cutters, such as 
oxy-gasoline, magma/phosphorous, jig-saw and reciprocating wire saws, etc., were tested and costed 
out for the many potential applications, and deployed where appropriate. 

Innovation in the size reduction operations was not enough; we also needed to move to larger 
containers. The reasons were the same as the three reasons given above for low level, but all the more 
urgent for TRU levels of contamination. The drum was the only container for which a certified 
measurement system was available. While the WIPP disposal site could accept an SWB, there was no 
instrument that could assay its contents to meet the WIPP specification.  Items need only be reduced to 
a 1.22-m dimension to fit in an SWB, whereas a drum could only hold items of ~0.3-m dimension.  
The potential was there to reduce the hazards and the labor of size reduction by an order of magnitude.  
We prepared a concept specification for a new generation assay instrument and commissioned the 
development of what came to be known as the SuperHENC, or high-efficiency neutron counter with 
advanced analytical software, to measure the radioactive contents of an SWB. This proved to be 
another break-through technology, providing a quantum leap in the D&D and waste shipping of TRU 
materials.  

It was not possible to know in advance whether the technologies developed along the decontamination 
and size reduction pathways would deliver the needed cost and schedule reductions. Based on the 
types and quantities of process and storage equipment to be dispositioned within the closure contract 
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cost/schedule target, the PRA process indicated that it was prudent to develop a future generation, 
higher production technology known as the Remote Operated Size Reduction System (ROSRS). This 
was a high-through-put, self contained, centralized size reduction system, capable of continuous 
service for all buildings at the Rocky Flats site. It was completed and successfully passed the 
prescribed acceptance tests on time to assume its needed duty, but by that time, the decontamination-
measurement-packaging pathway known as the SCO toolbox was outperforming all expectations.  
This meant that less TRU level size reduction work would be needed. The production reached through 
various stages of improvement in cutting and containment systems, combined with development and 
improvement in the assay and shipping systems, would be sufficient to meet the site closure schedule.  
Therefore the ROSRS system was not deployed. Yet it was a lesson in prudent risk management. Had 
we not invested in and developed this technology on a parallel track, had we waited to see how well 
the “decon-to-SCO” technologies worked, then we could not have recovered our closure schedule in 
the event decon-to-SCO fell short. This strategy could be called “hedging your bets” in the world of 
technology.  

After the process equipment is deactivated and stripped out of the buildings, by either pathway, we 
come to disposition of the contaminated buildings. The strategy and work plan is similar to the 
approach described above. The toolboxes differ, but the two basic pathways are still followed; namely, 
decontaminate and then demolish the “clean” buildings by relatively aggressive methods, or, size 
reduce the “hot” buildings by more controlled methods and package for shipment to a disposal site for 
radioactive waste. As applied to buildings, the operations occur one level down from the process 
equipment application. That is, buildings are either dispositioned as free release or as low level 
material, whereas process equipment is either dispositioned as TRU or low level material. There are 
exceptions, but this was found to be the general case, for economic reasons as discussed above.  

Again, multiple technologies were used to decontaminate floors, walls, and ceilings. The materials of 
construction (reinforced concrete, block and brick, steel, asbestos), the construction design (wall 
thickness, secondary walls and ceilings, epoxy, PCB, and lead coatings, configuration/access), and the 
nature of the contamination (radionuclides/ concentrations, acidic or fire/smoke penetration, solvents) 
all affected the selection of technology. Besides conventional tools, technologies deployed included 
purpose-built hydrolasers, concrete shavers, remote-controlled hammers, and diamond wires 
configured to shave wall surfaces rather than cut through walls. These in turn prompted the 
development of new technology to control the extracted radioactive materials and fugitive particulate.  
For wet material, a low-tech, high efficiency, skid-mounted water purge and recycle system was 
deployed. For dry material, a “vac-n-ship” system was developed to integrate the particulate control 
with an approved, sealed, high volume (36.8-m3 shipping container. This eliminated a hazardous 
transfer operation between the collector and the shipping container, and increased the scale of 
decontamination operations on the collection end (shipping box vs. drum scale).  

Building demolition (aggressive) or size reduction (controlled), referred to above, each involved some 
new techniques or new applications of old techniques.  For buildings that had been decontaminated to 
free release levels, many were demolished using conventional wrecking equipment and water spraying 
for dust control. In some cases, we were able to work with controlled explosives techniques. As might 
be expected, these cases were always unique for the industry because of the “nuclear grade” 
construction design and materials that went into these buildings. One interesting method proved to be 
very useful for some steel reinforced concrete buildings – harmonic de-lamination. The lattice 
structure of the rebar was studied, using as-builts and metal mapping techniques, and calculations 
made to determine its resonant frequencies.  Explosives were then set to elicit a maximum harmonic 
response, which in turn loosened the concrete from the steel.  This technology is referred to as “sonic 
shake-down.”For demolition of radioactive buildings, less energetic methods are needed, and partial 
building dismantlement and containment is the general rule. A water spray is undesirable due to 
dispersion control and waste generation issues. Instead, a method was developed to create a dense 
blanket of fog. For this, snowmaking equipment was adapted for use with appropriate water-agent 
mixtures and droplet sizes to achieve the needed control for these applications.  

Increasing productivity in the disposition of buildings, just as with the disposition of process 
equipment, required continuous leaps forward in the technology for measuring radioactive 
contamination as applied to the building structure, configuration, and materials. The area to be 

measured for D&D work planning, for monitoring progress, and for final survey was in the tens of 
millions of square feet. There was no way to accomplish this with the existing technology. We worked 
with the instrument vendors to improve the sensitivity and accuracy of measurements taken on-
surface, under-surface, and through surface barriers/layers/coatings that had been originally designed 
and installed with the intention of shielding the radiation.  As each new generation of instruments 
came on line, it was immediately deployed even as we launched the development of the next 
generation of new-and-improved versions.  It turned out that we needed, and did develop, arrays of 
detectors that could simultaneously identify and quantify multiple decay products, cover larger areas 
faster, and reach more parts of the work modules and building structure, and employ ever more remote 
operation capability in the process. To support the improvements in detection apparatus, we also had 
to develop the software, data read-out, and documentation systems to record, map, and report the 
information needed for our D&D decision-making and the regulators’ approvals in as near real-time as 
possible.  

7. Safety-related innovations 
Innovations that increase worker safety pay dividends in both cost and schedule; a site shutdown for a 
safety event can cost millions of dollars a day. 

CH2M HILL continuously developed ever-safer techniques to remove more than 1,450 highly 
contaminated glove boxes from former plutonium production buildings at Rocky Flats that increased 
safety while enabling continued positive cost and schedule impacts on the project. Initially, workers 
donned personal protective equipment and cut the glove boxes into pieces inside a contamination 
containment tent. As this was occurring, engineers and safety personnel were pursuing parallel paths 
to find a safer solution to glove box size reduction. Soon, workers were cutting glove boxes using an 
enclosure called a “bird cage” that placed a barrier between the worker and the glove box and allowed 
for increased containment tent ventilation. Meanwhile, engineers developed robotic size-reduction 
equipment, further removing the worker from the danger. As work on robotics progressed, safety in 
the “bird cage” method of size reduction also improved by adding equipment to suspend the heavy 
cutting tools as workers used them, significantly improving ergonomics. Later, through in-depth safety 
analysis to introduce an ignition source into a plutonium building, workers were provided plasma-arc 
torches that cut through the stainless steel glove boxes in a fraction of the time it took manual cutting 
tools. Two additional safety innovations, one a chemical that successfully decontaminated glove boxes 
to meet that status of low-level radioactive waste and another that allowed for shipment of the glove 
boxes intact with no cutting, were implemented. These parallel paths and the priority placed on 
continuously improving safety resulted in the elimination of a significant number of high-risk 
work hours. 

Other innovations that increased safety and lowered costs include: 

• Developing a chemical way to decontaminate glove boxes to low-level rather than transuranic 
waste, allowing, in most cases, the glove boxes to be shipped intact without hazardous size-
reduction work; 

• Developing the use of expandable foam for blocking and bracing the content of cargo containers 
containing waste. This eliminated the need for workers to enter the cargo containers and 
manually block and brace waste to prevent its movement during shipment; 

• Borrowing technology from the airline industry to remove radioactive waste from the second 
floor of a plutonium facility. Workers adapted a cargo transport plane loading mechanism which 
allowed for the positioning of large waste containers at the second floor. This eliminated a 
significant amount of worker exposure; 

• Developing a vacuum system to remove thousands of highly radioactive rings from large tanks 
that once contained plutonium solutions. The rings resembling napkin holders were placed in 
the tanks to prevent a nuclear criticality from occurring; 

• Adapting existing ultra high pressure water jet technology to cut massive, radioactive tanks in 
place rather than using manual methods; 
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cost/schedule target, the PRA process indicated that it was prudent to develop a future generation, 
higher production technology known as the Remote Operated Size Reduction System (ROSRS). This 
was a high-through-put, self contained, centralized size reduction system, capable of continuous 
service for all buildings at the Rocky Flats site. It was completed and successfully passed the 
prescribed acceptance tests on time to assume its needed duty, but by that time, the decontamination-
measurement-packaging pathway known as the SCO toolbox was outperforming all expectations.  
This meant that less TRU level size reduction work would be needed. The production reached through 
various stages of improvement in cutting and containment systems, combined with development and 
improvement in the assay and shipping systems, would be sufficient to meet the site closure schedule.  
Therefore the ROSRS system was not deployed. Yet it was a lesson in prudent risk management. Had 
we not invested in and developed this technology on a parallel track, had we waited to see how well 
the “decon-to-SCO” technologies worked, then we could not have recovered our closure schedule in 
the event decon-to-SCO fell short. This strategy could be called “hedging your bets” in the world of 
technology.  

After the process equipment is deactivated and stripped out of the buildings, by either pathway, we 
come to disposition of the contaminated buildings. The strategy and work plan is similar to the 
approach described above. The toolboxes differ, but the two basic pathways are still followed; namely, 
decontaminate and then demolish the “clean” buildings by relatively aggressive methods, or, size 
reduce the “hot” buildings by more controlled methods and package for shipment to a disposal site for 
radioactive waste. As applied to buildings, the operations occur one level down from the process 
equipment application. That is, buildings are either dispositioned as free release or as low level 
material, whereas process equipment is either dispositioned as TRU or low level material. There are 
exceptions, but this was found to be the general case, for economic reasons as discussed above.  

Again, multiple technologies were used to decontaminate floors, walls, and ceilings. The materials of 
construction (reinforced concrete, block and brick, steel, asbestos), the construction design (wall 
thickness, secondary walls and ceilings, epoxy, PCB, and lead coatings, configuration/access), and the 
nature of the contamination (radionuclides/ concentrations, acidic or fire/smoke penetration, solvents) 
all affected the selection of technology. Besides conventional tools, technologies deployed included 
purpose-built hydrolasers, concrete shavers, remote-controlled hammers, and diamond wires 
configured to shave wall surfaces rather than cut through walls. These in turn prompted the 
development of new technology to control the extracted radioactive materials and fugitive particulate.  
For wet material, a low-tech, high efficiency, skid-mounted water purge and recycle system was 
deployed. For dry material, a “vac-n-ship” system was developed to integrate the particulate control 
with an approved, sealed, high volume (36.8-m3 shipping container. This eliminated a hazardous 
transfer operation between the collector and the shipping container, and increased the scale of 
decontamination operations on the collection end (shipping box vs. drum scale).  

Building demolition (aggressive) or size reduction (controlled), referred to above, each involved some 
new techniques or new applications of old techniques.  For buildings that had been decontaminated to 
free release levels, many were demolished using conventional wrecking equipment and water spraying 
for dust control. In some cases, we were able to work with controlled explosives techniques. As might 
be expected, these cases were always unique for the industry because of the “nuclear grade” 
construction design and materials that went into these buildings. One interesting method proved to be 
very useful for some steel reinforced concrete buildings – harmonic de-lamination. The lattice 
structure of the rebar was studied, using as-builts and metal mapping techniques, and calculations 
made to determine its resonant frequencies.  Explosives were then set to elicit a maximum harmonic 
response, which in turn loosened the concrete from the steel.  This technology is referred to as “sonic 
shake-down.”For demolition of radioactive buildings, less energetic methods are needed, and partial 
building dismantlement and containment is the general rule. A water spray is undesirable due to 
dispersion control and waste generation issues. Instead, a method was developed to create a dense 
blanket of fog. For this, snowmaking equipment was adapted for use with appropriate water-agent 
mixtures and droplet sizes to achieve the needed control for these applications.  

Increasing productivity in the disposition of buildings, just as with the disposition of process 
equipment, required continuous leaps forward in the technology for measuring radioactive 
contamination as applied to the building structure, configuration, and materials. The area to be 

measured for D&D work planning, for monitoring progress, and for final survey was in the tens of 
millions of square feet. There was no way to accomplish this with the existing technology. We worked 
with the instrument vendors to improve the sensitivity and accuracy of measurements taken on-
surface, under-surface, and through surface barriers/layers/coatings that had been originally designed 
and installed with the intention of shielding the radiation.  As each new generation of instruments 
came on line, it was immediately deployed even as we launched the development of the next 
generation of new-and-improved versions.  It turned out that we needed, and did develop, arrays of 
detectors that could simultaneously identify and quantify multiple decay products, cover larger areas 
faster, and reach more parts of the work modules and building structure, and employ ever more remote 
operation capability in the process. To support the improvements in detection apparatus, we also had 
to develop the software, data read-out, and documentation systems to record, map, and report the 
information needed for our D&D decision-making and the regulators’ approvals in as near real-time as 
possible.  

7. Safety-related innovations 
Innovations that increase worker safety pay dividends in both cost and schedule; a site shutdown for a 
safety event can cost millions of dollars a day. 

CH2M HILL continuously developed ever-safer techniques to remove more than 1,450 highly 
contaminated glove boxes from former plutonium production buildings at Rocky Flats that increased 
safety while enabling continued positive cost and schedule impacts on the project. Initially, workers 
donned personal protective equipment and cut the glove boxes into pieces inside a contamination 
containment tent. As this was occurring, engineers and safety personnel were pursuing parallel paths 
to find a safer solution to glove box size reduction. Soon, workers were cutting glove boxes using an 
enclosure called a “bird cage” that placed a barrier between the worker and the glove box and allowed 
for increased containment tent ventilation. Meanwhile, engineers developed robotic size-reduction 
equipment, further removing the worker from the danger. As work on robotics progressed, safety in 
the “bird cage” method of size reduction also improved by adding equipment to suspend the heavy 
cutting tools as workers used them, significantly improving ergonomics. Later, through in-depth safety 
analysis to introduce an ignition source into a plutonium building, workers were provided plasma-arc 
torches that cut through the stainless steel glove boxes in a fraction of the time it took manual cutting 
tools. Two additional safety innovations, one a chemical that successfully decontaminated glove boxes 
to meet that status of low-level radioactive waste and another that allowed for shipment of the glove 
boxes intact with no cutting, were implemented. These parallel paths and the priority placed on 
continuously improving safety resulted in the elimination of a significant number of high-risk 
work hours. 

Other innovations that increased safety and lowered costs include: 

• Developing a chemical way to decontaminate glove boxes to low-level rather than transuranic 
waste, allowing, in most cases, the glove boxes to be shipped intact without hazardous size-
reduction work; 

• Developing the use of expandable foam for blocking and bracing the content of cargo containers 
containing waste. This eliminated the need for workers to enter the cargo containers and 
manually block and brace waste to prevent its movement during shipment; 

• Borrowing technology from the airline industry to remove radioactive waste from the second 
floor of a plutonium facility. Workers adapted a cargo transport plane loading mechanism which 
allowed for the positioning of large waste containers at the second floor. This eliminated a 
significant amount of worker exposure; 

• Developing a vacuum system to remove thousands of highly radioactive rings from large tanks 
that once contained plutonium solutions. The rings resembling napkin holders were placed in 
the tanks to prevent a nuclear criticality from occurring; 

• Adapting existing ultra high pressure water jet technology to cut massive, radioactive tanks in 
place rather than using manual methods; 
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• Using controlled demolition to demolish structures, removing demolition workers from harm’s 
way. 

CH2M HILL has employed and further improved many of these techniques on nuclear facility 
decommissioning projects at Savannah River, Mound, Idaho, and Hanford. 

8. Innovations in management approaches 
Innovative management approaches are crucial to successfully implementing nuclear risk reduction 
work. Changing a workforce culture that had previously accepted a 70-year decommissioning 
completion baseline to one that accomplishes a 6-year plan required innovation in planning, 
motivating, and executing the work. This type of approach requires: 

• Establishing strategic vision; 

• Developing and managing to an aggressive baseline; 

• Instituting a rigorous project controls and performance measurement system; 

• Identifying and mitigating risk. 
Development and implementation of a Formal Risk Management System focuses management 
attention on the important issues. Although a risk management system will not create the vision, 
leadership, and self-confidence to break new ground, it can strongly enhance the overall corporate 
performance by protecting the downside of many ventures. 

When evaluating nuclear facility decommissioning projects, CH2M HILL’s approach is to focus on 
the risk drivers and mitigate them early from the project. We learned at Rocky Flats to analyze the 
cumulative risk impacts of each work scope item in order to focus our efforts on the highest risk 
drivers – for example, the consolidation and disposition of nuclear materials - and optimise material 
disposition planning. 

9. Innovations in work force management 
In a closure type project it is imperative to retain existing, trained, employees until their job is 
finished, and to maintain morale as the site progresses to closure. Our success in projects of this type 
has confirmed that a workforce actively engaged in planning the work, competently guided and 
motivated by first line supervision and recognised by management will deliver beyond expectations. 
Our management approach creates an environment where everyone is proud of their accomplishments 
and of those working around them. CH2M HILL’s innovative three-pronged approach to workforce 
management ensures that workers are 1) appropriately re-skilled to creating appropriate flexibility to 
provide for longevity of employment; 2) ensuring that workers are compensated and incentivized 
appropriately to stay at the job until completion; and 3) that workers get the full support of the 
company to transition to other employment at the completion of the project. 

10. Workforce re-skilling 
Key to ensuring adequate resources for completion/closure is re-skilling nuclear operations personnel 
for work in decommissioning, clean up, and closure activities. At Rocky Flats and Mound, we 
successfully negotiated agreement between all site unions to enable cross jurisdictional work, 
reclassify job categories, and retrain operations and craft workers to develop appropriate skill mix to 
accomplish D&D work.  

11. Workforce incentivization 
CH2M HILL’s innovative approach to worker motivation begins with the establishment of a 
partnership with the workforce to create a win/win environment. Our approach involves doing our best 
to ensure all workers go home the same way they came to work - safely. It involves ensuring that 
workers are compensated and incentivized appropriately (as addressed in the collective bargaining 
agreement) and creating appropriate flexibility to provide for longevity of employment. 

Figure 2. Sample Worker Incentive Program

Our incentive program includes sharing a significant portion of our fee with the employees, with 
rewards for near-term (annual) and long-term (project completion) incentives, both of which 
encourage retention. We also implement an employee recognition programme designed to reward 
employees for positive safety contribution and innovations to help them be safer and more effective 
(Figure 2). We learned at Rocky Flats that this approach provides a positive motivation – and we have 
successfully implemented this lesson on nuclear facility decommissioning projects at Mound and 
Idaho to deliver safe, accelerated clean up. 

12. Workforce transition 
In addition to incentivizing and re-skilling, we learned at Rocky Flats that a strong Workforce 
Transition program helps the employees prepare for their future by giving them skills needed for new 
positions at the site, employment with subcontractor companies, entrepreneurial business, 
or retirement. 

At Rocky Flats, CH2M HILL created a comprehensive Workforce Transition Program early in 2002 to 
help its more than 6,000 site workers successfully transition from a nuclear facility that had provided 
employment for over 50 years. CH2M HILL spent nearly US$7 million on the Workforce Transition 
Program, offering workers a wide range of services and resources, including a Career Transition 
Centre (a leading edge, online career transition assistance tool), educational and training 
reimbursement, jobs fairs, among others (Figure 3). While several transition services and resources 
were offered to help employees prepare for transition, additional services become available to 
employees who were displaced, including the services of an outplacement firm. The company 
provided a wide range of services and resources including career counseling, an entrepreneurial 
program, and resume writing workshops. 

This lesson proved crucial when CH2M HILL was awarded the decommissioning contract at the DOE 
Miamisburg Closure Project (which called for completion within 3 years), where there were 600 
existing employees on the site. We immediately created a Career Transition Center available to all 
employees, where professional staff assist employees with curriculum vitae preparation, job search, 
and interview practice. We worked with those employees interested in relocation to apply within 
CH2M HILL and/or other consulting firms. We mentored local small businesses to help the local 
economy, including several small businesses staffed by former Mound employees. Finally, because 
many of the Mound employees were entering retirement age and/or taking early retirement, we also 
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• Using controlled demolition to demolish structures, removing demolition workers from harm’s 
way. 

CH2M HILL has employed and further improved many of these techniques on nuclear facility 
decommissioning projects at Savannah River, Mound, Idaho, and Hanford. 

8. Innovations in management approaches 
Innovative management approaches are crucial to successfully implementing nuclear risk reduction 
work. Changing a workforce culture that had previously accepted a 70-year decommissioning 
completion baseline to one that accomplishes a 6-year plan required innovation in planning, 
motivating, and executing the work. This type of approach requires: 

• Establishing strategic vision; 

• Developing and managing to an aggressive baseline; 

• Instituting a rigorous project controls and performance measurement system; 

• Identifying and mitigating risk. 
Development and implementation of a Formal Risk Management System focuses management 
attention on the important issues. Although a risk management system will not create the vision, 
leadership, and self-confidence to break new ground, it can strongly enhance the overall corporate 
performance by protecting the downside of many ventures. 

When evaluating nuclear facility decommissioning projects, CH2M HILL’s approach is to focus on 
the risk drivers and mitigate them early from the project. We learned at Rocky Flats to analyze the 
cumulative risk impacts of each work scope item in order to focus our efforts on the highest risk 
drivers – for example, the consolidation and disposition of nuclear materials - and optimise material 
disposition planning. 

9. Innovations in work force management 
In a closure type project it is imperative to retain existing, trained, employees until their job is 
finished, and to maintain morale as the site progresses to closure. Our success in projects of this type 
has confirmed that a workforce actively engaged in planning the work, competently guided and 
motivated by first line supervision and recognised by management will deliver beyond expectations. 
Our management approach creates an environment where everyone is proud of their accomplishments 
and of those working around them. CH2M HILL’s innovative three-pronged approach to workforce 
management ensures that workers are 1) appropriately re-skilled to creating appropriate flexibility to 
provide for longevity of employment; 2) ensuring that workers are compensated and incentivized 
appropriately to stay at the job until completion; and 3) that workers get the full support of the 
company to transition to other employment at the completion of the project. 

10. Workforce re-skilling 
Key to ensuring adequate resources for completion/closure is re-skilling nuclear operations personnel 
for work in decommissioning, clean up, and closure activities. At Rocky Flats and Mound, we 
successfully negotiated agreement between all site unions to enable cross jurisdictional work, 
reclassify job categories, and retrain operations and craft workers to develop appropriate skill mix to 
accomplish D&D work.  

11. Workforce incentivization 
CH2M HILL’s innovative approach to worker motivation begins with the establishment of a 
partnership with the workforce to create a win/win environment. Our approach involves doing our best 
to ensure all workers go home the same way they came to work - safely. It involves ensuring that 
workers are compensated and incentivized appropriately (as addressed in the collective bargaining 
agreement) and creating appropriate flexibility to provide for longevity of employment. 

Figure 2. Sample Worker Incentive Program

Our incentive program includes sharing a significant portion of our fee with the employees, with 
rewards for near-term (annual) and long-term (project completion) incentives, both of which 
encourage retention. We also implement an employee recognition programme designed to reward 
employees for positive safety contribution and innovations to help them be safer and more effective 
(Figure 2). We learned at Rocky Flats that this approach provides a positive motivation – and we have 
successfully implemented this lesson on nuclear facility decommissioning projects at Mound and 
Idaho to deliver safe, accelerated clean up. 

12. Workforce transition 
In addition to incentivizing and re-skilling, we learned at Rocky Flats that a strong Workforce 
Transition program helps the employees prepare for their future by giving them skills needed for new 
positions at the site, employment with subcontractor companies, entrepreneurial business, 
or retirement. 

At Rocky Flats, CH2M HILL created a comprehensive Workforce Transition Program early in 2002 to 
help its more than 6,000 site workers successfully transition from a nuclear facility that had provided 
employment for over 50 years. CH2M HILL spent nearly US$7 million on the Workforce Transition 
Program, offering workers a wide range of services and resources, including a Career Transition 
Centre (a leading edge, online career transition assistance tool), educational and training 
reimbursement, jobs fairs, among others (Figure 3). While several transition services and resources 
were offered to help employees prepare for transition, additional services become available to 
employees who were displaced, including the services of an outplacement firm. The company 
provided a wide range of services and resources including career counseling, an entrepreneurial 
program, and resume writing workshops. 

This lesson proved crucial when CH2M HILL was awarded the decommissioning contract at the DOE 
Miamisburg Closure Project (which called for completion within 3 years), where there were 600 
existing employees on the site. We immediately created a Career Transition Center available to all 
employees, where professional staff assist employees with curriculum vitae preparation, job search, 
and interview practice. We worked with those employees interested in relocation to apply within 
CH2M HILL and/or other consulting firms. We mentored local small businesses to help the local 
economy, including several small businesses staffed by former Mound employees. Finally, because 
many of the Mound employees were entering retirement age and/or taking early retirement, we also 
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conducted financial seminars and invited investment firms to conduct educational sessions for workers 
considering retirement. 

CH2M HILL learned that another important part of a successful workforce transition program involves 
the creation of networks and possible partnership with outside companies. Aside from identifying 
employment opportunities with other companies or U.S. DOE nuclear facilities, job development also 
entails promotion of the skilled workforce to legislative representatives, local chambers of commerce, 
economic councils, and small business associations. 

13. Summary lesson 
In summary, CH2M HILL has learned that to continue successful decommissioning of nuclear 
facilities, we must continue to aggressively push forward on all fronts -management, contractual, 
regulatory, and technological - even as solutions to the problems are found.  Today’s solution was 
good enough for today, but not good enough for the needed productivity tomorrow.  It also has 
become clear that when executing a decommissioning project, we cannot wait for the better solution 
on the horizon. There will never be enough money and time to undertake the project as it is 
conceived in the present, and thus it is necessary to make progress with the technology at hand while 
pursuing the improvements that will be needed to achieve the targeted budget. 

Sample Workforce Transition Program
Our leading edge workforce transition program 
was successful in helping site workers transition 

from Rocky Flats. 

Figure 3. Sample Workforce Transition 
Program
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Recycling of radioactively contaminated metal scrap by melting 
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Siempelkamp Nukleartechnik GmbH, Krefeld, 
Germany 

 Abstract. In the beginning of the 80´s the Siempelkamp foundry developed a process to melt slightly 
radioactively contaminated scrap originating from maintenance and decommissioning projects of nuclear power 
plants. The so-called CARLA facility is licensed according to the German Radiation Protection Ordinance since 
1989 and is still unique in Germany. Treating metals is limited up to a specific activity of 200 Bq/g with the 
exemption of 2,000 Bq/g for low beta emitters (3H, 14C, 55Fe and 63Ni) and 1,000 Bq/g for scrap contaminated by 
naturally occurred radioactive materials (NORM). The limit value for the contamination with fissible 
radionuclides is fixed at 15 g/100 kg scrap. The aim of melting radioactive scrap is either to decontaminate the 
metal or to minimize the volume of the scrap and to homogenize remaining radionuclides in the melt. Depending 
on the remaining activity, the reuse of the produced ingots can be different: ingots below release limits can be 
used as input to conventional recycling paths, ingots above these limits are reused for manufacturing casks or 
shieldings for application in the nuclear cycle or can be stored for decay before release or must be sent to a 
radioactive waste repository for final disposal. As a spin-off from the CARLA process Siempelkamp has 
developed a recycling process in 1996 especially to treat scrap cross contaminated with NORM and mercury. 
Since 1998 the so called GERTA facility, licensed according to the German BImSchG (Federal Law on 
protection against environmental pollution), is in operation and treats scrap from oil- and gas-operations, 
tungsten-thorium industry, phosphate and pigment processing, water treatment, etc. The final metal product is 
completely free of all contamination and can be released to the steel industry without any limitations. Slag and 
Dust also from NORM melting campaigns can be recycled or disposed of within certain activity limits, so the 
customer does not get back any residues. 

1. Introduction 
At the site of Siempelkamp Giesserei GmbH & Co. KG in Krefeld, Germany, a foundry with an 
annual capacity of 70,000 t of cast iron is operated. Siempelkamp Nukleartechnik GmbH operates two 
melting plants for recycling of contaminated scrap at this foundry, each with a capacity of 2,000 t/y.  

The first plant – CARLA – can handle slightly radioactive material from maintenance and 
decommissioning of nuclear facilities and its spin off plant – GERTA – can handle NORM (naturally 
occurring radioactive material) and chemically contaminated scrap. Both plants vary in the kind of 
licensing and due to that in the reuse of the products. The metal blocks produced by the CARLA plant 
are allocated to different paths according to the remaining activity – free release, reuse in shieldings or 
casks for the nuclear cycle, interim storage for decay or final depository. It turned out that recycling 
within the nuclear industry reduces the collective dose as well as the number of individuals having to 
handle radioactively contaminated material [1, 2, 3]. The GERTA plant is operating according to the 
1 mSv/a criterium for workers and public [4] and the metal products are free of any activity and can be 
reused in the conventional steel industry cycle. 

This paper describes the current processes, techniques, experiences and developments in this very 
special field of recycling.  

2. CARLA plant 

2.1. Process 
The core of the plant is a 3.2 t medium frequency induction furnace, located in an inner housing of the 
CARLA plant, which has been in operation since October 1989. Primarily, the furnace is being 
operated for melting steel scrap, but its replacement by a special crucible also allows to melt non-
ferrous metal, especially aluminium, copper and brass. The inner housing is the barrier to the cutting 
and sorting shop to prepare the melt charges. To avoid emissions of radionuclides, the furnace, cutting 
and sorting areas are equipped with a highly efficient exhaust system linked with a redundant filter 
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reused in the conventional steel industry cycle. 

This paper describes the current processes, techniques, experiences and developments in this very 
special field of recycling.  

2. CARLA plant 

2.1. Process 
The core of the plant is a 3.2 t medium frequency induction furnace, located in an inner housing of the 
CARLA plant, which has been in operation since October 1989. Primarily, the furnace is being 
operated for melting steel scrap, but its replacement by a special crucible also allows to melt non-
ferrous metal, especially aluminium, copper and brass. The inner housing is the barrier to the cutting 
and sorting shop to prepare the melt charges. To avoid emissions of radionuclides, the furnace, cutting 
and sorting areas are equipped with a highly efficient exhaust system linked with a redundant filter 
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system. The filter system, consisting of cyclone, bag filter and HEPA-filter, has an efficiency of 
99.997  %.  

Charging the furnace, slagging and pouring is handled by remote control from an operation desk 
outside the inner housing, which reduces radiation exposure of the workers.  

Material can be delivered in 200 l-drums which are charged on-line, in ISO-standard containers up to 
13 m or individually as components up to 12 m long, 2.3 m2 and a weight up to 25 t can be accepted. 
For cutting into chargeable sizes, a 450 t hydraulic shear and a chamber with plasma torch cutting are 
available tools. Additionally, decontamination by steel granules can be offered.  

The scrap drums and containers, as well as the waste drums, can be stored in a 3,000 m3 storage hall 
located beside the cutting area. The successful safe operation of the plant for more than 17 years is 
ensured by continuous radiation protection management during the whole process. Sampling, 
measurement and documentation of radioactive inventories from the input to the output are therefore 
routine jobs. Two gamma-spectroscopy detectors are in operation in the accredited radiological 
laboratory to analyze the samples taken from melt, slag, filter dusts, etc. 

2.2. Licensing 
The CARLA plant is licensed by the German Radiation Protection Ordinance. Limits of the incoming 
scrap are defined as specific activity figures averaged over 200 l - drums or 7m/13m containers as 
follows:

� total activity (�������)     200 Bq/g 

� 14C, 3H, 63Ni, 55Fe     2,000 Bq/g 

� fissible nuclides (233U, 235U, 239Pu, 241Pu) < 15 g/100 kg scrap 

� NORM (226Ra, 238U, 232Th)    1,000 Bq/g 

The mass limitation is 2,000 t/y which is achieved in a one-shift operation. Workers are classified as 
class A in relation to the German radiation protection ordinance.  

2.3. Experiences 
In the 17 years of operation 21,500 t of radioactively contaminated metals have been molten, the 
distribution of which is 19,000 t for a primary melt and additional 2,500 t for a secondary melt to 
produce granules from ingots. The path of outcoming ingots from CARLA are shown in Fig. 1. [11]. 

The advantages of melting can be summarized as follows: 

� Decontamination 

The radionuclide distribution resulting from the melting process is listed in table 1. High 
decontamination of the metal can be achieved for uranium, thorium, plutonium, caesium and 
strontium. 60Co - the main nuclide in reactor scrap - remains in the melt. Nevertheless, the residual 
radionuclides in the metal are homogenized and fixed into the ingot.  

Table 1. Activity distribution after melting

In most cases estimation of the specific activity in the supplied scrap can only be performed by 
methods which lead to overestimation, according to the uncertainty of a sampling of heterogeneous 
material as scrap. Samples taken from the melt, the slag and the filter dust to analyze the activity 
inventories after the melting process are quite more representative. These figures are qualified and 
form the basis for managing the secondary waste and for recycling the metal. 

� Volume reduction 

A final repository for radioactive waste is very expensive throughout the whole world. Therefore, 
maximum volume reduction should be achieved, which can be realized by melting in an optimal 
manner. The experience of 17 years of melting and recycling of steel scrap results in saving a final 
depository volume of 80 % compared to direct disposal without any pre-treatment. 

2.4. Recycling 
The different behaviour of the nuclides in the melting process and the different scrap qualities lead to 
different material qualities of the produced ingots. According to this fact, different recycling paths 
have to be found.  

The prior possibility is an unrestricted or restricted clearance of the metal for conventional reuse in the 
steel industry cycle according to the German radiation protection directive (StrlSchV). For example 
60Co: unrestricted clearance 0,1 Bq/g; restricted clearance 0.6 Bq/g. 

So far approximately 6,500 t of metals could be cleared.  

In case these levels are exceeded, a recycling path within Siempelkamp is possible. Siempelkamp 
produces different kinds of casks according to IAEA regulations for low and medium-level radioactive 
waste or shielding elements for the nuclear industry and research centres. So far approximately 9,200 t 
could be recycled: 

1. The “MOSAIK®” container is a nodular cast iron container with a maximum of 25 % recycled 
material from CARLA and has a total weight of up to 6 t.  

Nuclides Share in % 
Melt Slag Dust 

� - Nuclides  
(and daughters)
- U  (235, 238) 1 99
- Pu (241) 1 99
- Am (241) 1 99
- Th (231, 234) 1 99
- Pa (234m) 1 99

�/� - Nuclides
- Fe (55) 100 < 1 -
- Co  (60) 88 11 1
- Ni  (63) 90 10 -
- Sr (90) < 1 97 2
- Cs (134, 137) < 1 60 40
- Ag (110m) < 1 32 68
- Eu (152, 154) 4 95 1
- Ce (144) 50  50 < 1 
- Mn (54) 60 39 1
- Zn (65) 36 12 52
- C (14) 3 - <1 
- Zr  (95) 28 72 -
- Ru (103,106) 67 < 1 33
- Sb (125) 95 4 1
- Nb  (95,96)  81 17 2
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2. The “Cast Iron Container” meets the requirements for the German final repository “KONRAD” 
with a maximum of 25 % recycled material and has a total weight of 20 t. Research is being 
performed within the Siempelkamp group with the aim to increase the recycling content in the 
containers. The focus here is the pearlitic microstructure and carbides caused by chromium, 
nickel and molybdenum in the recycled iron, which leads to higher strengths but lower fracture 
toughness [5, 6]. 

3. The cast iron “shielding elements” contain recycled material of up to 90 % and can be cast up to 
a weight of 150 t per element. Apart from radiological reasons the stainless steel is not usable 
for cast products as described below. The stainless steel can be cast to granules. These granules 
are used for producing “heavy concrete containers” made of concrete and iron granules. These 
containers are licensed for transport and disposal and have a total weight of 2-14 t, depending 
upon their size. So far approximately 2,500 t of granules have been produced, which could be 
recycled in heavy concrete containers. 

4. As mentioned before, the main nuclide for low active nuclear waste is the 60Co, which has a 
short half life time of 5.3 years. Siempelkamp offers an option to store ingots for a decay period 
of 20 years with the aim of release.  

5. Storage pool for ingots < 5 Bq/g 60Co for recycling in future depending on the demand on 
containers. 

If there is no possibility to follow one of the above mentioned paths, the ingots have to be stored until 
a final depository is in operation, however, with the advantage of a volume reduction of 80 %. 

Slag, dust and residues (such as furnace linings) amounts to about 5 wt-% of the total melting volume. 
According to StrlSchV this material can be released and disposed by conventional paths or has to be 
disposed as radioactive waste, depending on the radioactive concentration.

3. GERTA
Since 1998 Siempelkamp Nukleartechnik has been operating a second melting plant at their site in 
Krefeld to treat radioactively, chemically (i. e. mercury) and toxic contaminated scrap. The GERTA 
facility is a spin-off of the CARLA facility and is licensed in accordance with the German BImSchG 
(Federal Law on protection against environmental pollution).  

The GERTA facility is able to treat steel scrap contaminated with NORM from oil and gas extraction 
operations, fertilizer plants or paper mills. Since 2003 Simpelkamp also offers the service to 

 clearence clearence

Ingots
< 0.1 Bq/g

max. 200 Bq/g

< 0.6 Bq/g

if qualified for recycling

Unrestricted
clearance

Casks, Shieldings, Granules
for reuse in controlled areas

Final Depository

Decay
Storage

Restricted  
clearance

Figure. 1. Paths of ingots with remaining 60Co activity 

decontaminate W-Mo-Th-alloys from the production of welding electrodes and filaments. In some 
cases scrap, especially from oil and gas extraction operations, contains cross contaminants with 
mercury and NORM. Furthermore, mercury polluted steel scrap from chlorine production facilities can 
be treated along with, steel scrap contaminated with PCB`s, furanes, dioxines or asbestos from 
different origins.  

3.1. Licensing and specification for incoming material 
The radiological acceptance limit is related to the 1 mSv/y criteria for workers and the public and can 
be defined in case by case studies. 

The specification for incoming steel scrap originates from restrictions based on foundry processing 
and safety regulations: 

� Organics like plastics and rubber are limited to 5 wt-% due to process temperature; 

� Mercury is limited to 1 wt-% of the steel mass; 

� Asbestos is restricted to 0.1 % of the steel mass. 

3.2. Process 
The GERTA process can be divided into three steps: dismantling, melting and off-gas processing [7] 

3.2.1. Dismantling and storage 
All incoming material first has to pass through the dismantling area, located in the GERTA hall and 
separated from the furnace area by a gate. To cut incoming material down to chargeable sizes, a 
hydraulic guillotine shear and an encapsulated thermal cutting chamber are available. Vessels and all 
receptacles are opened, to remove possible residues of liquid mercury, which will be collected 
separately and either sent for final disposal or recycled in licensed European facilities. In case of any 
mercury evaporation, the air in this area is filtered by an exhaust system with a capacity of 15,000 
m³/h. With a connected exhaust system at the head of the guillotine shear, in most cases the mercury 
level can be lowered under the MAK level (man workplace concentration) of 100 µg/m³.  

The annual dose exposure to workers from the processing of NORM contaminated scrap does not 
exceed 1 mSv in the GERTA plant and therefore no licensing nor radiation surveillance or protection 
is required according to the StrlSchV [4]. 

3.2.2. Melting 
The melting process in the 8 t-net-frequency-induction-furnace has a capacity of 24 t per day in 3 shift 
operation. The furnace can be operated in the temperature range from 1,350° C up to 1,500° C. During 
the melting process, impurities of the different incoming materials behave in different ways [8, 9]: 

- Hg: Elementary mercury evaporates completely and is fixed in the activated carbon of the 
fixed-bed-absorber. Partly it is absorbed by lime-powder which is added to the exhaust gas or 
by the dust;

- NORM: NORM behaves differently depending upon the kind of radionuclides. Radium 
isotopes are transferred into the slag which is solidified and gripped from the surface of the 
melt. Volatile isotopes like lead (210Pb) and polonium (210Po) remain with the dust in the filter 
system; 

- In case of a tungsten melt a special tungsten iron alloy has to be provided, to transfer the 
tungsten in a liquid phase. The 232Th which is alloyed to the tungsten can be separated to the 
slag, so that a 232Th free, high valuable ferro-tungsten alloy can be produced for recycling in the 
steel industry;

- Asbestos: The cancerogene asbestos fibres are destroyed completely at the above mentioned 
temperature level and are transformed into non toxic silicates as Forsterite or Olivine;
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decontaminate W-Mo-Th-alloys from the production of welding electrodes and filaments. In some 
cases scrap, especially from oil and gas extraction operations, contains cross contaminants with 
mercury and NORM. Furthermore, mercury polluted steel scrap from chlorine production facilities can 
be treated along with, steel scrap contaminated with PCB`s, furanes, dioxines or asbestos from 
different origins.  

3.1. Licensing and specification for incoming material 
The radiological acceptance limit is related to the 1 mSv/y criteria for workers and the public and can 
be defined in case by case studies. 

The specification for incoming steel scrap originates from restrictions based on foundry processing 
and safety regulations: 

� Organics like plastics and rubber are limited to 5 wt-% due to process temperature; 

� Mercury is limited to 1 wt-% of the steel mass; 

� Asbestos is restricted to 0.1 % of the steel mass. 

3.2. Process 
The GERTA process can be divided into three steps: dismantling, melting and off-gas processing [7] 

3.2.1. Dismantling and storage 
All incoming material first has to pass through the dismantling area, located in the GERTA hall and 
separated from the furnace area by a gate. To cut incoming material down to chargeable sizes, a 
hydraulic guillotine shear and an encapsulated thermal cutting chamber are available. Vessels and all 
receptacles are opened, to remove possible residues of liquid mercury, which will be collected 
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mercury evaporation, the air in this area is filtered by an exhaust system with a capacity of 15,000 
m³/h. With a connected exhaust system at the head of the guillotine shear, in most cases the mercury 
level can be lowered under the MAK level (man workplace concentration) of 100 µg/m³.  

The annual dose exposure to workers from the processing of NORM contaminated scrap does not 
exceed 1 mSv in the GERTA plant and therefore no licensing nor radiation surveillance or protection 
is required according to the StrlSchV [4]. 

3.2.2. Melting 
The melting process in the 8 t-net-frequency-induction-furnace has a capacity of 24 t per day in 3 shift 
operation. The furnace can be operated in the temperature range from 1,350° C up to 1,500° C. During 
the melting process, impurities of the different incoming materials behave in different ways [8, 9]: 

- Hg: Elementary mercury evaporates completely and is fixed in the activated carbon of the 
fixed-bed-absorber. Partly it is absorbed by lime-powder which is added to the exhaust gas or 
by the dust;

- NORM: NORM behaves differently depending upon the kind of radionuclides. Radium 
isotopes are transferred into the slag which is solidified and gripped from the surface of the 
melt. Volatile isotopes like lead (210Pb) and polonium (210Po) remain with the dust in the filter 
system; 

- In case of a tungsten melt a special tungsten iron alloy has to be provided, to transfer the 
tungsten in a liquid phase. The 232Th which is alloyed to the tungsten can be separated to the 
slag, so that a 232Th free, high valuable ferro-tungsten alloy can be produced for recycling in the 
steel industry;

- Asbestos: The cancerogene asbestos fibres are destroyed completely at the above mentioned 
temperature level and are transformed into non toxic silicates as Forsterite or Olivine;
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- PCB´s and others: All hydrocarbons are completely destroyed in the furnace and the fragments 
vaporise to the filter system. Possible secondary hydrocarbons, which might be generated in the 
cooling system are totally adsorbed by the activated carbon.

3.2.3. Off-gas-processing  
Dust and off-gas evaporate from the melt and pass through the exhaust cover to the filter plant, which 
consists of four steps: a cyclone operator, a cooler, a bag filter and a fixed-bed-absorber. This 
combination of filters prevents the mercury concentration in the chimney stack from exceeding 
50 µg/m³, which is only ¼ of the permitted value. As NORM scrap is processed, vaporised 210Pb and 
210Po condense and are absorbed by the dust and are retained in the bag filter. Asbestos fibres, PCB´s, 
Dioxines and Furanes are not measurable in the clean gas, which is released to the environment. Dust 
emissions do not exceed 20 mg/m³ according to BImSchG. 

3.3 Products
Products for recycling are metal ingots (amounting to 90-95 wt-%). The slag (4-10 wt-%) is 
reprocessed and reused for road construction on waste dumps. Only the dust (1-2 wt-%) has to be 
disposed underground.  

Iron and slag are free from any chemical or toxical contamination. The current product qualities are: 

� Carbon steel; 

� Cr/Ni steel; 

� Alloys, e.g. tungsten/molybdenum/iron. 

Table 1 shows that radionuclides (238U, 232Th, 226Ra) migrate to slag or dust, so the melt is almost free 
from any radioactivity. The main nuclides of the uranium, radium and thorium decay chain remain in 
the slag, while lead and polonium evaporate and are collected with the dust. 

So far 100 % of the produced ingots, amounting to almost 11,500 t, could be reused in the steel 
industry cycle. 

3.3.1. Slag
The slag, a maximum of 100 t/y produced, is free of toxic impurities and so far could be 100 % 
processed to road construction material. In the case of slag from NORM scrap campaigns, the 
radiation exposure of workers, as well as the public, has to be less than 1 mSv/y [4]. 

3.3.2. Filter dust 
Only 1 wt.-% of the input material is dust retained in the bag filter and in the cyclone operator. Both 
kinds of dust are mixed with quick lime and are then filled into storage drums. Up to one percent of 
mercury can be detected in the dust, which is blended with the lime, firmly bounding the mercury. The 
activity of the drums must not exceed 70 Bq/g to fulfil the criteria for underground disposal facility. 

4. Conclusion 
Siempelkamp Nukleartechnik offers a service to decontaminate, condition and recycle slightly 
radioactive metal wastes from the nuclear cycle and as a spin-off the decontamination of radioactivity 
from natural sources and chemical contamination. The core of this service are two melting plants with 
a capacity of 2,000 t/y each, and additionally, dismantling, handling and storage. The manufacture of 
containers for the nuclear industry is offered.  

Siempelkamp has 17 years of experience in handling this kind of material and so far they have treated 
some 21,500 t from the nuclear cycle and some 11,500 t from the oil and gas and chemical industry.  
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Siempelkamp Nukleartechnik offers a service to decontaminate, condition and recycle slightly 
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a capacity of 2,000 t/y each, and additionally, dismantling, handling and storage. The manufacture of 
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 Abstract After 36 years in operation the former research reactor SAPHIR was decommissioned on 
December 23rd 1993. After removing the spent fuel, the highest activity was contained in the BeO-reflectors. 
Twenty reflectors were used; ten of BeO, in total 65.1 kg, and ten of Be-metal, in total 60.78 kg. Both types are 
in aluminum housings. The highest activation was built up in the Be-metal reflectors. The activity was calculated 
using the program ORIGEN resulting in 573 TBq 3H and 240 GBq 60Co for the Be-metal reflectors and 181 TBq 
3H and 21 GBq 60Co for the BeO (December 1995). The corresponding dose rates due to the 60Co were 4.64 Sv/h 
and 0.4 Sv/h from the Be-metal and BeO reflectors respectively. Due to the intrinsic toxicity, the high dose rate 
and the high 3H content, the following principles had to be followed:

� The reflectors should be conditioned without any additional dismantling; 

� Due to the high 3H content the reflectors should be sealed in gas tight welded steel cans; 

� The reflectors should be dried before welding to avoid corrosion; 

� The void between the can and the reflector should be filled with quartz sand; 

� The surface of the damaged BeO-reflectors should be sealed to avoid contamination from toxic BeO-dust;  

� The dose rate should be reduced by using a shielded container;  

� The volume should be minimized due to high costs of interim and final storage. 

These goals were achieved by sealing the dried reflectors in square section steel cans using a welding robot (type 
MOTOMAN SK6) in a shielded hot cell. The 20 cans were placed in a MOSAIK container Type II-15 U, using a 
steel grid to position the cans correctly. This container is stored in the Swiss Federal Interim Storage Facility to 
await the Swiss final repository. 

1. Introduction 
The former research reactor SAPHIR located at the Paul Scherrer Institute (PSI) was commissioned on 
April 30th 1957. On December 23rd 1993, 36 years later, the reactor was decommissioned. After having 
removed the fuel elements, the highest remaining activity was in the Beryllium reflectors. Based on an 
ORIGEN-calculation [1] a set of radio nuclides was determined. Tritium and 60Co are given as the 
most important examples. The following Table 1 shows the situation. As can be seen, the highest 
activity was built up in the Be-metal. 

Table. 1 Properties of the Be/BeO-reflectors, inventory for each reflector based on ORIGEN (1995) 

Type Number Weight 3H 60Co Dose Rate 

Be-
metal 

10 60.78 kg Be 573 TBq 
(15,486 Ci) 

240 GBq 
(6.5 Ci) 

4.64 Sv/h (464 
rem/h) 

BeO 10 65.10 kg BeO 181 TBq 
(4,900 Ci) 

21 GBq 
(0.6 Ci) 

0.4 Sv/h (40 
rem/h) 

Athens - Book of Contributed Papers A4.indd   498 2006-11-06   14:13:11



499

   

IAEA-CN-143/29 

Be-reflectors of the former research reactor Saphir: how to condition hazardous and 
toxic radioactive waste 

 H.-F. Beer, R. Christen 

Paul Scherrer Institute,  
Villigen PSI,  
Switzerland 

 Abstract After 36 years in operation the former research reactor SAPHIR was decommissioned on 
December 23rd 1993. After removing the spent fuel, the highest activity was contained in the BeO-reflectors. 
Twenty reflectors were used; ten of BeO, in total 65.1 kg, and ten of Be-metal, in total 60.78 kg. Both types are 
in aluminum housings. The highest activation was built up in the Be-metal reflectors. The activity was calculated 
using the program ORIGEN resulting in 573 TBq 3H and 240 GBq 60Co for the Be-metal reflectors and 181 TBq 
3H and 21 GBq 60Co for the BeO (December 1995). The corresponding dose rates due to the 60Co were 4.64 Sv/h 
and 0.4 Sv/h from the Be-metal and BeO reflectors respectively. Due to the intrinsic toxicity, the high dose rate 
and the high 3H content, the following principles had to be followed:

� The reflectors should be conditioned without any additional dismantling; 

� Due to the high 3H content the reflectors should be sealed in gas tight welded steel cans; 

� The reflectors should be dried before welding to avoid corrosion; 

� The void between the can and the reflector should be filled with quartz sand; 

� The surface of the damaged BeO-reflectors should be sealed to avoid contamination from toxic BeO-dust;  

� The dose rate should be reduced by using a shielded container;  

� The volume should be minimized due to high costs of interim and final storage. 

These goals were achieved by sealing the dried reflectors in square section steel cans using a welding robot (type 
MOTOMAN SK6) in a shielded hot cell. The 20 cans were placed in a MOSAIK container Type II-15 U, using a 
steel grid to position the cans correctly. This container is stored in the Swiss Federal Interim Storage Facility to 
await the Swiss final repository. 

1. Introduction 
The former research reactor SAPHIR located at the Paul Scherrer Institute (PSI) was commissioned on 
April 30th 1957. On December 23rd 1993, 36 years later, the reactor was decommissioned. After having 
removed the fuel elements, the highest remaining activity was in the Beryllium reflectors. Based on an 
ORIGEN-calculation [1] a set of radio nuclides was determined. Tritium and 60Co are given as the 
most important examples. The following Table 1 shows the situation. As can be seen, the highest 
activity was built up in the Be-metal. 

Table. 1 Properties of the Be/BeO-reflectors, inventory for each reflector based on ORIGEN (1995) 

Type Number Weight 3H 60Co Dose Rate 

Be-
metal 

10 60.78 kg Be 573 TBq 
(15,486 Ci) 

240 GBq 
(6.5 Ci) 

4.64 Sv/h (464 
rem/h) 

BeO 10 65.10 kg BeO 181 TBq 
(4,900 Ci) 

21 GBq 
(0.6 Ci) 

0.4 Sv/h (40 
rem/h) 

Athens - Book of Contributed Papers A4.indd   499 2006-11-06   14:13:11



500

An additional difficulty is the severe toxicity of both the Beryllium metal and the oxide [2]. BeO is a 
ceramic material with the danger of dust formation when dry. The dust of both the metal and the oxide 
can cause inflammation when taken up into the lung. When the skin is exposed to the dust or metal 
shavings inflammations and ulcers can be formed. Therefore, strict measures must be taken against 
any dust formation. 

The material should not be stressed mechanically. When dry the surface has to be sealed. The 
following principles have to be obeyed: 

� The reflectors should be conditioned without any additional dismantling; 

� Due to the high 3H content the reflectors should be sealed in gas tight welded steel cans; 

� The reflectors should be dried before welding to avoid corrosion; 

� The void between the can and the reflector should be filled with quartz sand; 

� The surface of the damaged BeO-reflectors should be sealed to avoid contamination from toxic 
BeO-dust;  

� The dose rate should be reduced by using a shielded container.  

In addition the volume should be minimized due to high costs of interim and final storage. 

2. Description of the Be-metal/BeO reflectors 
The construction of the Be-metal/BeO-reflectors can be seen in Fig. 1. The composition of the 
material is as follows.  

One Be-metal reflector contains 6.08 kg Be-metal with 1.3 % oxygen. The main impurities are 1500 
ppm Al, 1500 ppm C, 1800 ppm Fe, and 10 ppm Co. The Be-metal is contained in an aluminum 
housing of 3.386 kg Al with 60 g of steel screws. The reflectors were in use from 1988 to 1993. 

In the case of the BeO-reflectors, one piece contains 6.516 kg BeO with the main impurities being 200 
ppm C, 2000 ppm Si, and 1100 ppm Mg. The cobalt content is below 1 ppm. The 20 mm high blocks 
of BeO were manufactured by iso-static pressing and sintering. For the housing of one reflector, 1.048 
kg aluminum is used. In contrast to the Be-metal reflectors, screws made of an Al/Mg/Si alloy were 
used. These reflectors were in use from 1977 to 1990. 

Figure 1.  BeO reflectors (left) and Be-metal reflectors (right) 

3. Procedure 
The reflectors were removed from their storage position in the reactor pool and transferred by means 
of a crane into a lead shielded transfer flask. The loading of the transfer flask took place whilst it was 
immersed in the pool water. The water was allowed to drain off the flask for some hours. After being 
closed the flask was transferred to the hot laboratory facility of the PSI. Four transfers were necessary 
for all 20 reflectors. Two connected hot cells were used for further treatment of the reflectors, one for 
transfer and handling and the other for welding. 

The wet reflectors were dried while inside the flask by using an air stream. This air stream was dried 
by being passed through a silica-gel column. A set of two parallel columns was used. Air was passed 
through one column while the other was prepared for use by heating it with an air gun. The outlet air 
was passed through a 3H washing bottle followed by an air filter class S3 (SWKI 68-3) to avoid 
contamination of the hot cell. The absence of humidity is necessary to avoid local corrosion. 

Three of the BeO reflectors were damaged. The aluminum housing was broken. Due to this fact all 
other BeO-reflectors were considered to be suspicious. Therefore, the surfaces of all ten BeO 
reflectors were sealed by covering them with an aqueous acryl varnish and subsequent hardening. The 
sealing was performed by using an auxiliary container in the transfer flask containing the reflectors. 
This auxiliary container, made of steel, was filled with the varnish by means of a peristaltic pump. The 
reflectors were sealed twice by lifting them up, hardening for 4 to 6 hours and immersing them again, 
followed by a second hardening for 2 to 3 days.  

Square stainless steel cans with the dimensions of 100/100/4 x 950 mm were prepared as housing. A 
six axes MOTOMAN SK6 welding robot with a tolerance of +/- 0.1 mm equipped with a with a 
tungsten electrode TIG head using a gas mixture of 95% Ar and 5% H2 was used. Fig. 2 shows the 
robot being prepared outside the hot cell. The welding was performed without any addition of 
material. The welding seams had a minimum thickness of 3 mm. As quality assurance, a preliminary 
test welding was carried out; the specimen was cut, imbedded in a resin and the surface polished. The 
welding was then investigated microscopically. An example is shown in fig. 3. The underside and the 
top were of the same design. The undersides were welded first and tested for leak-tightness by using 
helium. This test was performed with all cans. Fig. 4 shows the underside with the engraved number of 
one reflector. The reflectors were placed into the cans by means of the hot cell crane. The gap between 
the wall and reflectors was filled with quartz sand of 1.5 to 2.2 grain size to avoid unwanted void 
volume. In addition, the sand reduces the probability of forming a contact between the steel can and 
the aluminum housing of the reflectors to avoid an electrochemical element forming and therefore 
causing corrosion. In total about 105 kg of sand was used. The sand was added whilst vibrating the 
can. Then the lid was welded. Before and after each five cans, an empty test piece was produced; these 
samples were produced for quality assurance purposes. After being halved these five test pieces were 
investigated for leak tightness as described above. 

Figure. 2 The six axes MOTOMAN SK6  
  welding robot with storage can 

Figure. 3 Specimen of the test welding 
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reflectors were sealed by covering them with an aqueous acryl varnish and subsequent hardening. The 
sealing was performed by using an auxiliary container in the transfer flask containing the reflectors. 
This auxiliary container, made of steel, was filled with the varnish by means of a peristaltic pump. The 
reflectors were sealed twice by lifting them up, hardening for 4 to 6 hours and immersing them again, 
followed by a second hardening for 2 to 3 days.  

Square stainless steel cans with the dimensions of 100/100/4 x 950 mm were prepared as housing. A 
six axes MOTOMAN SK6 welding robot with a tolerance of +/- 0.1 mm equipped with a with a 
tungsten electrode TIG head using a gas mixture of 95% Ar and 5% H2 was used. Fig. 2 shows the 
robot being prepared outside the hot cell. The welding was performed without any addition of 
material. The welding seams had a minimum thickness of 3 mm. As quality assurance, a preliminary 
test welding was carried out; the specimen was cut, imbedded in a resin and the surface polished. The 
welding was then investigated microscopically. An example is shown in fig. 3. The underside and the 
top were of the same design. The undersides were welded first and tested for leak-tightness by using 
helium. This test was performed with all cans. Fig. 4 shows the underside with the engraved number of 
one reflector. The reflectors were placed into the cans by means of the hot cell crane. The gap between 
the wall and reflectors was filled with quartz sand of 1.5 to 2.2 grain size to avoid unwanted void 
volume. In addition, the sand reduces the probability of forming a contact between the steel can and 
the aluminum housing of the reflectors to avoid an electrochemical element forming and therefore 
causing corrosion. In total about 105 kg of sand was used. The sand was added whilst vibrating the 
can. Then the lid was welded. Before and after each five cans, an empty test piece was produced; these 
samples were produced for quality assurance purposes. After being halved these five test pieces were 
investigated for leak tightness as described above. 

Figure. 2 The six axes MOTOMAN SK6  
  welding robot with storage can 

Figure. 3 Specimen of the test welding 
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Figure. 4 Underside detail of a can, same as 
top 

Figure. 5 View into the loaded  
 MOSAIK container 

In total 20 cans were used and were loaded into a MOSAIK container Type II-15 U using the hot cell 
crane. An aluminum basket allowed the correct positioning of the cans. The MOSAIK-container is 
equipped with an internal lead shielding of 40 mm thickness. Figure 5 shows the filled container 
before closing. 

4. Results 
The Be-metal/BeO reflectors are stored in cans with a 9.45 l outer volume. The welding seams have a 
thickness greater than 3 mm. They are leak tight with a leakage rate smaller than 10-5 mbar l/s. The 
final waste consists of 60.78 kg Be-metal, 65.10 kg BeO, 268.40 kg steel, 84.12 kg Al, 104.53 kg sand 
and about 0.300 kg acryl varnish. The waste container (MOSAIK II-15 U) is constructed of 5.639 t 
cast iron and 1.481 t lead.  

The final waste package has a leak-tightness better than 10-4 mbar l/s, a dose rate at 3 cm distance 
from the surface of < 0.7 mSv/h and at 1 m distance < 0.3 mSv/h. It is free of contamination. 

The work was started after the necessary acceptance of the Swiss final disposer NAGRA and after the 
permission of the Swiss Federal Nuclear Safety Inspectorate (HSK) was received. 

5. Conclusion 
The applied solution allows a safe interim storage of highly activated and toxic waste in a minimal 
volume. It offers also a safe confinement for the highly volatile tritium gas. In addition the solution 
presents the flexibility to sort the cans, if necessary, when the conditions for a final repository are 
known.
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Abstract. The IEA-R1 reactor is a swimming pool type research reactor moderated and cooled 
by light water and uses graphite and beryllium as reflector. The reactor is located at the Instituto de 
Pesquisas Energéticas e Nucleares (IPEN-CNEN/SP), in the city of São Paulo, Brazil. The IEA-R1 is the 
most important Brazilian research reactor. It is the oldest research reactor in the southern hemisphere and 
one of the oldest of this kind in the world. 

The first start-up of the reactor was on September 16, 1957. The reactor operated until 1997 at a power 
level of 2 MW mainly for basic and applied research, but also for the production of radioisotopes for 
medicine, industry and life sciences applications. Due to the increasing demand of radioisotopes for 
medical applications in the country, it was decided to increase the reactor power level to 5 MW and to 
extend the operational cycle to several continuous days. To achieve this goal, it was necessary to perform 
some system modifications and introduce new safety systems such as the Emergency Core Cooling 
System (ECCS) in order to obtain the license from the Brazilian Regulatory Body. The reactor obtained 
the authorization to operate at 5 MW on September 16, 1997.  

Brazil does not have a national policy establishing rules for the spent fuel storage and waste management 
facilities, as well as for their decommissioning process. Because of this, each facility has to manage the 
spent fuel assemblies and waste produced during its lifetime. 

This paper describes the control and management process of these materials in our facility and the plan 
for the future, including, the reactor decommissioning. 

1. Reactor building and storage facilities 
The reactor building has 2,000m2 of area distributed in five floors:  

� Basement: cooling system and pool water treatment and purification systems; 

� 1st floor: physics experimental facilities and dry storage; 

� 2nd floor: air conditioning and ventilation system; 

� 3rd floor: control room and reactor pool surface; 

� 4th floor: exhaust system. 

In the building, there are two spent fuel storage facilities described below as follows: 

� Wet storage 

Located at the storage end of the spent fuel pool, the racks have been used for storage of fuel elements 
while loading and unloading the reactor core as well as for storing spent fuel assemblies. The racks 
were originally fabricated from aluminum structural material bolted together and suspended on the 
walls of the pool at a depth of about 6m below the pool water level. These racks have the capacity to 
accommodate a total of 84 spent fuel assemblies (SFA). In 1977, when the reactor pool inner lining 
was changed from ceramic to stainless steel casing due to water infiltration, the aluminum racks were 
substituted with steel racks. Besides these original racks, there is one more stainless steel rack and four 
aluminum racks located on the bottom of the pool. The total number of positions is 156.   
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most important Brazilian research reactor. It is the oldest research reactor in the southern hemisphere and 
one of the oldest of this kind in the world. 
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level of 2 MW mainly for basic and applied research, but also for the production of radioisotopes for 
medicine, industry and life sciences applications. Due to the increasing demand of radioisotopes for 
medical applications in the country, it was decided to increase the reactor power level to 5 MW and to 
extend the operational cycle to several continuous days. To achieve this goal, it was necessary to perform 
some system modifications and introduce new safety systems such as the Emergency Core Cooling 
System (ECCS) in order to obtain the license from the Brazilian Regulatory Body. The reactor obtained 
the authorization to operate at 5 MW on September 16, 1997.  

Brazil does not have a national policy establishing rules for the spent fuel storage and waste management 
facilities, as well as for their decommissioning process. Because of this, each facility has to manage the 
spent fuel assemblies and waste produced during its lifetime. 

This paper describes the control and management process of these materials in our facility and the plan 
for the future, including, the reactor decommissioning. 

1. Reactor building and storage facilities 
The reactor building has 2,000m2 of area distributed in five floors:  

� Basement: cooling system and pool water treatment and purification systems; 

� 1st floor: physics experimental facilities and dry storage; 

� 2nd floor: air conditioning and ventilation system; 

� 3rd floor: control room and reactor pool surface; 

� 4th floor: exhaust system. 

In the building, there are two spent fuel storage facilities described below as follows: 

� Wet storage 

Located at the storage end of the spent fuel pool, the racks have been used for storage of fuel elements 
while loading and unloading the reactor core as well as for storing spent fuel assemblies. The racks 
were originally fabricated from aluminum structural material bolted together and suspended on the 
walls of the pool at a depth of about 6m below the pool water level. These racks have the capacity to 
accommodate a total of 84 spent fuel assemblies (SFA). In 1977, when the reactor pool inner lining 
was changed from ceramic to stainless steel casing due to water infiltration, the aluminum racks were 
substituted with steel racks. Besides these original racks, there is one more stainless steel rack and four 
aluminum racks located on the bottom of the pool. The total number of positions is 156.   
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� Dry storage 

Located at the first floor of the reactor building, the dry storage system is composed of 50 horizontal 
silos at a concrete wall. Each silo is made of a horizontal tube of carbon steel, 20 cm in diameter and 
3.5m long. The dry storage had been used in the past for storing the SFA´s of the first core load that 
had failed with low burn up (< 1%) and presented low doses rate. At the present time, most of the 
horizontal silos have water infiltration and problems concerning the internal ventilation of the tubes. In 
order to use the dry storage facility in the future to store the SFA´s, it will be necessary to modify the 
ventilation system and repair the problem of the water infiltration in the tubes. 

2. Fuel management 
Since startup to the present time (October 2006), 220 core configurations have been used and around 
195 fuel assemblies used. Concerning the fuel utilization it is possible to analyze the reactor history in 
four cycles: 

� The first cycle corresponds to the first core of the reactor. It was composed of U-Al alloy fuel 
with 20 wt% enrichment, having 19 curved fuel plates produced by B&W (USA). These fuel 
assemblies failed during the earlier stages of the reactor operation, due to pitting corrosion 
caused by brazing flux used to fix the fuel plates to the support plates. These fuel assemblies 
were replaced in 1958, by new ones, also produced by B&W. They were identical to the earlier 
ones (U-Al alloy, 20 wt% enrichment, 19 curved fuel plates) but brazing was not used for 
assembling. The fuel plates were fixed mechanically to the support plates. These fuel assemblies 
operated with good performance up to the discharge burn up used at that time; 

� The second cycle corresponds to a complete substitution of the core. Fuel made with U-Al alloy, 
93 wt% enrichment, having 18 flat fuel plates were bought from UNC (USA). At this time the 
core was converted from low enriched uranium (LEU) to high enriched uranium (HEU). In the 
middle of this cycle the control rod mechanical concept was also changed from rod type to fork 
type (plate type). The control fuel element assemblies were fabricated by CERCA (France), 
using U-Al alloy, 93 wt% enrichment, and flat plates; 

� The third cycle is characterized by the restriction of HEU fuel supply. IPEN bought, from 
NUKEM (Germany), 5 fuel element assemblies of UAlx-Al dispersion type, with 20 wt% 
enrichment and having 18 flat fuel plates per fuel element assembly. The amount of 235U in the 
LEU fuel plate was almost the same as the HEU fuel plate and the geometry of the fuel element 
assembly was the same. Table 1 summarizes the different fuel assemblies used in IEA-R1 core 
until 1981; 

Table 1. Fuel assemblies used in IEA-R1 acquired abroad 

 LOADING FIRST SECOND THIRD 
Year 1957/58 1968 1981 
Country USA USA/France German 
Enrichment 20/20 93 20 
Standard assembly 34/33 33 5 
Control assembly 5/4 6/4 - 
Partial assembly 1/2 - - 
Total assembly 40/39 43 5 

� The fourth cycle began with the IPEN decision of fabricating its own fuel elements and to 
replace, gradually, the high burn up HEU fuels in the core. IPEN had already, at that time, good 
knowledge and experience in core engineering, fuel engineering and fuel fabrication, so the 
decision to produce MTR fuels for the IEA-R1 was a natural way to maintain the reactor in 
operation. The IPEN fuels are U3O8-Al and U3Si2Al dispersion type, with 20 wt% enrichment 
and geometrically identical to LEU fuel from the third cycle. Between 1981 and 2006 IPEN 
fabricated 74 fuel assemblies 20 wt% enrichment as showed in Table 2. 

Table 2. Fuel assemblies fabricated at IPEN 

Number 
of FA 

FA types Fuel Material density 

02 Partial U3O8Al 1.9 
19 Standard U3O8Al 1.9 
04 Control U3O8Al 1.9 
25 Standard U3O8Al 2.3 
10 Control U3O8Al 2.3 
14 Standard U3Si2Al 3.0 

Based on the United States (U.S.) policy to accept, during 13 years, the MTR fuel assemblies 
originally enriched in the U.S., IPEN started in 1996 to negotiate with the U.S. Department of Energy 
(DOE) for the return of the 127 spent fuel assemblies which were bought abroad (Table 1). The 
contract between the Governments of Brazil and the United States was signed in 1998 for the 
transportation of the Brazilian spent fuel assemblies to the Savannah River Site. DOE subcontracted  
Edlow International Company to perform the transfer of the spent fuel assemblies. Two casks from the 
consortium NCS/GNS (German) were used in September 1999 for shipping the 127 SFA´s from IPEN 
to SRS-USA. 

3. The present SFA storage situation 
According to the newly proposed operation schedule (5 MW, 120 hrs per week), 18 to 20 assemblies 
will be burnt up annually. Currently, 43 storage positions are occupied, suggesting that in 7-10 years 
the wet storage facility at the reactor will be full. If no provisions are made for increasing the storage 
facilities, the reactor may have to be shut down.  

In order to discuss a regional strategy for the management of the spent fuel from the research reactors 
of Latin America that have the same problem of storing the spent fuel assemblies, a regional project 
“Management of Spent Fuel from Research Reactors” was approved by IAEA for the period of 2001 
to 2004 to define specific conditions for operational and interim storage of the spent fuel for each 
specific research reactor, and to establish forms of regional cooperation for final disposal of the spent 
fuel, or its sub-products. Engineers and researchers of IPEN opted to consider the possibility to design 
and develop a dual-purpose cask, for transport and storage of 21 IEA-R1 SFA´s, which is being 
developed as part of the regional project. A final decision, including the submission of the safety 
related documents for the approval of the regulatory authority, is expected by the end of 2006. 

4. Radioactive waste management 
As the reactor has been operating since 1957, much of the original equipment and systems had to be 
replaced or refurbished. A replacement program was established by a work group formed in 2001 with 
the unique proposal of verifying and evaluating the reactor systems and equipment conditions in order 
to extend its operational life. Below are listed some of the systems that have been replaced or will be 
replaced in the near future: 

� Pool water treatment and purification system (2003); 

� Control and safety rods (2003-04); 

� Pneumatic irradiation system (2005); 
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� Dry storage 

Located at the first floor of the reactor building, the dry storage system is composed of 50 horizontal 
silos at a concrete wall. Each silo is made of a horizontal tube of carbon steel, 20 cm in diameter and 
3.5m long. The dry storage had been used in the past for storing the SFA´s of the first core load that 
had failed with low burn up (< 1%) and presented low doses rate. At the present time, most of the 
horizontal silos have water infiltration and problems concerning the internal ventilation of the tubes. In 
order to use the dry storage facility in the future to store the SFA´s, it will be necessary to modify the 
ventilation system and repair the problem of the water infiltration in the tubes. 

2. Fuel management 
Since startup to the present time (October 2006), 220 core configurations have been used and around 
195 fuel assemblies used. Concerning the fuel utilization it is possible to analyze the reactor history in 
four cycles: 

� The first cycle corresponds to the first core of the reactor. It was composed of U-Al alloy fuel 
with 20 wt% enrichment, having 19 curved fuel plates produced by B&W (USA). These fuel 
assemblies failed during the earlier stages of the reactor operation, due to pitting corrosion 
caused by brazing flux used to fix the fuel plates to the support plates. These fuel assemblies 
were replaced in 1958, by new ones, also produced by B&W. They were identical to the earlier 
ones (U-Al alloy, 20 wt% enrichment, 19 curved fuel plates) but brazing was not used for 
assembling. The fuel plates were fixed mechanically to the support plates. These fuel assemblies 
operated with good performance up to the discharge burn up used at that time; 

� The second cycle corresponds to a complete substitution of the core. Fuel made with U-Al alloy, 
93 wt% enrichment, having 18 flat fuel plates were bought from UNC (USA). At this time the 
core was converted from low enriched uranium (LEU) to high enriched uranium (HEU). In the 
middle of this cycle the control rod mechanical concept was also changed from rod type to fork 
type (plate type). The control fuel element assemblies were fabricated by CERCA (France), 
using U-Al alloy, 93 wt% enrichment, and flat plates; 

� The third cycle is characterized by the restriction of HEU fuel supply. IPEN bought, from 
NUKEM (Germany), 5 fuel element assemblies of UAlx-Al dispersion type, with 20 wt% 
enrichment and having 18 flat fuel plates per fuel element assembly. The amount of 235U in the 
LEU fuel plate was almost the same as the HEU fuel plate and the geometry of the fuel element 
assembly was the same. Table 1 summarizes the different fuel assemblies used in IEA-R1 core 
until 1981; 

Table 1. Fuel assemblies used in IEA-R1 acquired abroad 

 LOADING FIRST SECOND THIRD 
Year 1957/58 1968 1981 
Country USA USA/France German 
Enrichment 20/20 93 20 
Standard assembly 34/33 33 5 
Control assembly 5/4 6/4 - 
Partial assembly 1/2 - - 
Total assembly 40/39 43 5 

� The fourth cycle began with the IPEN decision of fabricating its own fuel elements and to 
replace, gradually, the high burn up HEU fuels in the core. IPEN had already, at that time, good 
knowledge and experience in core engineering, fuel engineering and fuel fabrication, so the 
decision to produce MTR fuels for the IEA-R1 was a natural way to maintain the reactor in 
operation. The IPEN fuels are U3O8-Al and U3Si2Al dispersion type, with 20 wt% enrichment 
and geometrically identical to LEU fuel from the third cycle. Between 1981 and 2006 IPEN 
fabricated 74 fuel assemblies 20 wt% enrichment as showed in Table 2. 

Table 2. Fuel assemblies fabricated at IPEN 

Number 
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FA types Fuel Material density 

02 Partial U3O8Al 1.9 
19 Standard U3O8Al 1.9 
04 Control U3O8Al 1.9 
25 Standard U3O8Al 2.3 
10 Control U3O8Al 2.3 
14 Standard U3Si2Al 3.0 

Based on the United States (U.S.) policy to accept, during 13 years, the MTR fuel assemblies 
originally enriched in the U.S., IPEN started in 1996 to negotiate with the U.S. Department of Energy 
(DOE) for the return of the 127 spent fuel assemblies which were bought abroad (Table 1). The 
contract between the Governments of Brazil and the United States was signed in 1998 for the 
transportation of the Brazilian spent fuel assemblies to the Savannah River Site. DOE subcontracted  
Edlow International Company to perform the transfer of the spent fuel assemblies. Two casks from the 
consortium NCS/GNS (German) were used in September 1999 for shipping the 127 SFA´s from IPEN 
to SRS-USA. 

3. The present SFA storage situation 
According to the newly proposed operation schedule (5 MW, 120 hrs per week), 18 to 20 assemblies 
will be burnt up annually. Currently, 43 storage positions are occupied, suggesting that in 7-10 years 
the wet storage facility at the reactor will be full. If no provisions are made for increasing the storage 
facilities, the reactor may have to be shut down.  

In order to discuss a regional strategy for the management of the spent fuel from the research reactors 
of Latin America that have the same problem of storing the spent fuel assemblies, a regional project 
“Management of Spent Fuel from Research Reactors” was approved by IAEA for the period of 2001 
to 2004 to define specific conditions for operational and interim storage of the spent fuel for each 
specific research reactor, and to establish forms of regional cooperation for final disposal of the spent 
fuel, or its sub-products. Engineers and researchers of IPEN opted to consider the possibility to design 
and develop a dual-purpose cask, for transport and storage of 21 IEA-R1 SFA´s, which is being 
developed as part of the regional project. A final decision, including the submission of the safety 
related documents for the approval of the regulatory authority, is expected by the end of 2006. 

4. Radioactive waste management 
As the reactor has been operating since 1957, much of the original equipment and systems had to be 
replaced or refurbished. A replacement program was established by a work group formed in 2001 with 
the unique proposal of verifying and evaluating the reactor systems and equipment conditions in order 
to extend its operational life. Below are listed some of the systems that have been replaced or will be 
replaced in the near future: 

� Pool water treatment and purification system (2003); 

� Control and safety rods (2003-04); 

� Pneumatic irradiation system (2005); 
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� Heat exchanger (2006). 

The irradiated material and other previously replaced equipment are stored in either the reactor pool, 
or dry storage facility, or were sent to the Treatment and Storage of Radioactive Waste Plant located at 
IPEN-CNEN/SP. This plant is also in charge for receiving and storing part of the radioactive waste 
generated by the users of nuclear medicine, industry and research, from the South and Southeast 
region of Brazil. The existing facility has a total area of 1450m2 and is comprised of the following 
units:

� Changing rooms and radiation protection control 

To allow the controlled access to the working area 

� Reception and segregation unit 

To receive, classify and distribute the waste through the proper treatment. If necessary, waste 
segregation is carried out. 

� Liquid waste storage and treatment/conditioning  

Provided with suitable containers or devices for operational storage and pre-conditioning of 
liquids, either for immobilization or for release to the retention tanks for future discharge to the 
sewage system. 

� Immobilization and encapsulation in cement  

Cementation was the process chosen for conditioning and encapsulation of some kinds of waste 
such as liquids, wet solids (including ion-exchange resins and activated charcoal generated in 
the reactor operation), sludge, biological waste and some non-compressible waste. 

� Compression of solids  

Provided with a 10-ton hydraulic press. Compressible solids are collected in 60L transparent 
polyethylene bags and pressed into 200L metallic drums. The volume reduction factor achieved 
is about 4-5. 

� Lightning rod dismantling and conditioning  

Provided with 3 cell glove-box, where 241Am sources are removed from the device and 
conditioned in a small shielded container. 

� Dismantling and encapsulation of used source  

The dismantling hot-cell was designed to handle source activity up to about 7.5 GBq 60Co 
equivalent, each time. Sources will be withdrawn from original shielding or device and 
encapsulated in a more adequate and retrievable package for interim storage. This facility is still 
under construction. 

� Analytical and radiochemical laboratories

For characterization of primary waste and waste form. 

� Storage sheds

For interim storage of drums containing treated wastes. 

The waste is characterized by small volumes and a wide diversity in nature, physical forms, 
radionuclide contents and activities, so that, for some types of waste, specific methods of treatment 
and conditioning were developed. 

In general, the waste managed at IPEN are treated and packaged in a 200 L steel drum as follow: 

� Compressible solids: segregation at the generator installation, compaction and packing; 

� Non-compressible solids: dismantling and encapsulation in concrete; 

� Wet solids: chemical conditioning and immobilization in cement matrix; 

� Liquids: Waste with short half-lives are discharged to the environment as liquid effluent after 
temporary storage for radioactive decay. All the liquid waste releases are done according to the 
proper radiation protection standards. Waste of longer half-lives are immobilized in a cement 
matrix. 

5. Conclusion 
Brazil has 4 research reactors in operation. IEA-R1 was the first research reactor to operate in the 
southern hemisphere (September, 1957) and presently is one of the oldest still operating in the world. 
Since its first criticality it had been used in research, production of radioisotopes, neutron activation 
analysis, material testing and training. Until now there is no plan for its immediate decommissioning. 
In order to maintain the reactor operation within the Federal requirements and IAEA 
recommendations, IPEN-CNEN/SP has invested in the last years on its modernization through 
equipment replacement, maintenance improvement and ageing management. In 2002, the IEA-R1 
research reactor obtained ISO-9001: 2000 accreditation for the Operation and Maintenance and 
Irradiation Services. This accreditation resulted in better reactor procedures control, maintenance, 
calibrations, inspections and audits. Concerning the spent fuel assemblies, the decision was made that 
after 2009, when wet storage became filled, the SFA´s will be transferred to appropriate casks that can 
also be used as storage devices kept in the reactor building itself or to transport them to some other 
building nearby. When the Brazilian Government decides on the definite site for SFA’s storage, these 
casks will be used to transfer the SFAs to that site. Concerning radioactive waste (equipment and 
material), IPEN already has a local domestic solution to store them in the Treatment and Storage of 
Radioactive Waste Plant.  
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� Heat exchanger (2006). 

The irradiated material and other previously replaced equipment are stored in either the reactor pool, 
or dry storage facility, or were sent to the Treatment and Storage of Radioactive Waste Plant located at 
IPEN-CNEN/SP. This plant is also in charge for receiving and storing part of the radioactive waste 
generated by the users of nuclear medicine, industry and research, from the South and Southeast 
region of Brazil. The existing facility has a total area of 1450m2 and is comprised of the following 
units:

� Changing rooms and radiation protection control 

To allow the controlled access to the working area 

� Reception and segregation unit 

To receive, classify and distribute the waste through the proper treatment. If necessary, waste 
segregation is carried out. 

� Liquid waste storage and treatment/conditioning  

Provided with suitable containers or devices for operational storage and pre-conditioning of 
liquids, either for immobilization or for release to the retention tanks for future discharge to the 
sewage system. 

� Immobilization and encapsulation in cement  

Cementation was the process chosen for conditioning and encapsulation of some kinds of waste 
such as liquids, wet solids (including ion-exchange resins and activated charcoal generated in 
the reactor operation), sludge, biological waste and some non-compressible waste. 

� Compression of solids  

Provided with a 10-ton hydraulic press. Compressible solids are collected in 60L transparent 
polyethylene bags and pressed into 200L metallic drums. The volume reduction factor achieved 
is about 4-5. 

� Lightning rod dismantling and conditioning  

Provided with 3 cell glove-box, where 241Am sources are removed from the device and 
conditioned in a small shielded container. 

� Dismantling and encapsulation of used source  

The dismantling hot-cell was designed to handle source activity up to about 7.5 GBq 60Co 
equivalent, each time. Sources will be withdrawn from original shielding or device and 
encapsulated in a more adequate and retrievable package for interim storage. This facility is still 
under construction. 

� Analytical and radiochemical laboratories

For characterization of primary waste and waste form. 

� Storage sheds

For interim storage of drums containing treated wastes. 

The waste is characterized by small volumes and a wide diversity in nature, physical forms, 
radionuclide contents and activities, so that, for some types of waste, specific methods of treatment 
and conditioning were developed. 

In general, the waste managed at IPEN are treated and packaged in a 200 L steel drum as follow: 

� Compressible solids: segregation at the generator installation, compaction and packing; 

� Non-compressible solids: dismantling and encapsulation in concrete; 

� Wet solids: chemical conditioning and immobilization in cement matrix; 

� Liquids: Waste with short half-lives are discharged to the environment as liquid effluent after 
temporary storage for radioactive decay. All the liquid waste releases are done according to the 
proper radiation protection standards. Waste of longer half-lives are immobilized in a cement 
matrix. 

5. Conclusion 
Brazil has 4 research reactors in operation. IEA-R1 was the first research reactor to operate in the 
southern hemisphere (September, 1957) and presently is one of the oldest still operating in the world. 
Since its first criticality it had been used in research, production of radioisotopes, neutron activation 
analysis, material testing and training. Until now there is no plan for its immediate decommissioning. 
In order to maintain the reactor operation within the Federal requirements and IAEA 
recommendations, IPEN-CNEN/SP has invested in the last years on its modernization through 
equipment replacement, maintenance improvement and ageing management. In 2002, the IEA-R1 
research reactor obtained ISO-9001: 2000 accreditation for the Operation and Maintenance and 
Irradiation Services. This accreditation resulted in better reactor procedures control, maintenance, 
calibrations, inspections and audits. Concerning the spent fuel assemblies, the decision was made that 
after 2009, when wet storage became filled, the SFA´s will be transferred to appropriate casks that can 
also be used as storage devices kept in the reactor building itself or to transport them to some other 
building nearby. When the Brazilian Government decides on the definite site for SFA’s storage, these 
casks will be used to transfer the SFAs to that site. Concerning radioactive waste (equipment and 
material), IPEN already has a local domestic solution to store them in the Treatment and Storage of 
Radioactive Waste Plant.  
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Abstract. The first phase of the Jaslovske Bohunice nuclear power plant A-1 (NPP A-1) 
decommissioning is planned for completion by 2007/8. Status at the end of the first phase is characterized by 
transport of the entire spent fuel inventory off-site, treatment and conditioning of all waste for disposal or 
temporary storage, and decontamination of equipment and structures as needed. The paper gives an overview of 
main sources, characteristics and inventory of radioactive waste at NPP A-1. The experience gained in 
management of the radioactive waste, in particular the processing and disposal of radioactive waste and release 
of materials from regulatory control, is described too. The paper provides information on disposal of radioactive 
waste at Mochovce LILW near surface disposal facility. 

1. Introduction 
NPP A-1 was shut down in 1977 after primary cooling system integrity accident with local melting of 
the fuel. Primary circuit (coolant) and moderator (heavy water) circuit were contaminated by fission 
products and long-life alpha nuclides. Some auxiliary circuits and facilities were also contaminated. In 
1979, on the basis of the results of technical, economic and safety analyses, it was decided to 
decommission the plant. Decommissioning work progressed slowly, owing to technical, legislative 
and financial constraints. These included unavailability of conceptual plans and legislation for 
decommissioning, inadequacy of radioactive waste treatment and conditioning technologies, lack of 
disposal facilities, difficulties in shipping damaged spent fuel off-site and lack of funds for 
decommissioning. 

Permission for the implementation of the first phase of decommissioning was issued in 1999 on the 
basis of documents required by Atomic Act. The first phase of NPP A-1 decommissioning (so-called 
radiologically safe status) is planned to be completed by 2007/8.The status at the end of the first phase 
is characterized by [1]. 

� Transport of the entire spent fuel inventory off-site; 

� Treatment and conditioning of all waste for disposal or storage; 

� Unavoidable decontamination of equipment and structures. 

A large variety of radioactive wastes arose during NPP A-1 operation. Additional waste streams 
resulted as a consequence of the accident and subsequent decontamination activities. There are over 
ten different radioactive waste streams, which are currently stored inside the NPP A-1 (liquid waste 
from spent fuel storage, radioactive concentrate, sludges, spent ion exchange resins, radioactive 
metallic waste, combustible solid waste, etc.). After removing fuel from the plant and transfer to 
Russia the main sources of radioactive waste at the NPP A-1 are: long-term store, underground storage 
tanks at water treatment station (complex 41), storage of liquid radioactive waste (complex 44), 
contaminated soil and waste from decontamination and dismantling of primary circuit and heavy water 
management systems. 
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2. Main sources of radioactive waste at the NPP A-1 

2.1. Long-term store 
Long-term store (LTS) was designed as a pool for cooling and storage of spent fuel during the 
operation of the NPP A-1. Fuel elements were inserted into vertically positioned carbon steel casings. 
The external cooling medium in the pool was water. Inside the carbon steel casings chrompik (i.e. 
water solution of K2Cr2O7 or K2CrO4 with concentration of 3-5%) was used. Fuel elements immersed 
in chrompik corroded in their casings. 

Having recognised the potential problems with corrosion of spent fuel during long-time storage, 
aqueous coolant was replaced by a polyphenyl based organic coolant dowtherm (eutectic mixture of 
biphenyl and biphenyl-oxide), which was used near the end of the plant operation. All fuel assemblies 
removed from the reactor core after accident were placed in this coolant. Since the corrosion of 
cladding was negligible in this type of coolant, the resulting activity of dowtherm (2x1012 Bq) was 
substantially lower than that of chrompik. Corrosion and erosion processes on surface of fuel roads 
caused accumulation of radioactive waste at the bottom of all casings with chrompik and many casings 
with dowtherm. 

Leakages of cooling media from casings caused an accumulation of organic sludges. At the bottom of 
the cooling pool there is a 15 - 40 cm thick layer of the sludge. This sludge is a mixture of organic 
compounds (mainly dowtherm) and suspension of water and insoluble inorganic compounds. Average 
137Cs volume activity in this sludge is 105 Bq.dm-3 for water phase, 106 Bq.dm-3 for organic phase and 
109 Bq.dm-3 for inorganic compounds [2]. 

2.2. Underground storage tanks (complex 41) 
This complex of six tanks of various volumes (from 100 m3 to 700 m3) and various diameters (from    
6 m to 16 m) functioned as storage of polluted waters from the main building and waters from laundry. 
The tanks are not active anymore. A layer of sludge with a total volume of about 100 m3 covers the 
bottom of the tanks nos. 7/1 and 7/2. From the radiological point of view these sludges have high 
concentration of alpha-emitting radionuclides (1.1x106 – 7.6x106 Bq/kg dry matter of 239, 240Pu) and of 
137Cs (1.3E9-5.8E9 Bq/kg dry matter) [3]. 

2.3. Tanks for storage of liquid radioactive waste (complex 44) 
This complex of six cylindrical tanks each with volume of 390 m3 was designed for storage of liquid 
radioactive waste from the operation and decommissioning of the NPP A-1. After the accidents these 
tanks were used for treatment of highly contaminated waters with hexacyanocalium ferrate and copper 
sulphide. The total volume of sludge at the bottom of tanks nos. 2/1 and 2/2 is about 110 m3 and the 
volume of gravel at the bottom is about 100 m3. The sludges have a high concentration of alpha-
emitting radionuclides (1.3E106 Bq/kg dry matter of 239, 240Pu) and of 137Cs (3.3E109 Bq/kg dry matter) 
[3]. One tank (N1) with volume of 35 m3 was designated to store spent ion exchange resins and sands. 

2.4. Contaminated soil 
After the accident some leaks from liquid waste storage tanks occurred and contaminated the soil. A 
major issue in NPP A-1 decommissioning project involves determining the location and extent of 
contamination in the surroundings of underground storage tanks, ducts and canals and the soil beneath 
these structures. Part of contaminated soil from various operations and excavation works in the NPP 
A-1 area is temporarily stored in sorted or assorted form (approximately 10,000 m3). During the 
process of decommissioning generation of other amounts is expected. 

2.5. Shafts for solid radioactive waste 
34 shafts were originally designed for storage of operational solid waste. These shafts are gradually 
being emptied, refurbished and can offer space for interim storage of treated waste. Removed waste 
was sorted into 200 dm3 MEVA drums. Different types of materials were found in the  shafts: 
combustible waste (1.370 drums), incombustible waste (624 drums), metal (560 drums), gravel (289 
drums), asphalt (161 drums), concrete (90 drums), etc. Total number of filled drums is 3,200. 

2.6. Concentrates 
Concentrates in the NPP A-1 are produced by evaporation of the contaminated water from 
decontamination, hygienic services, etc. Contaminated water is concentrated in the evaporator at the 
rate of 1.2 – 1.5 tons of evaporated water per hour. Concentrates are temporarily stored in two 
technological vessels and then solidified. The main compounds consist of nitrates, oxo/hydroxides of 
metallic elements, surface-active compounds and compounds from spent decontamination solutions. 
The volumetric beta/gamma activity of these concentrates is of the order of 103-104 Bq/dm3. Salinity 
ranges between 55 g/dm3 and 65 g/dm3, pH has value of 8 – 8.5 and yearly production is about 8 m3

[4]. 

2.7. Waste from dismantling of the primary circuit and heavy water circuit 
Waste from decontamination and dismantling of the primary circuit and heavy water management 
systems will be typical waste of the second period of the NPP A-1 decommissioning. The primary 
circuit consists of: reactor, turbo-compressors, steam generators, section valves and pipes. Primary 
circuit components were manufactured from steel (Cr and Ni 1 - 3 %). The construction material of 
heavy water circuit and of auxiliary systems that were in contact with heavy water is stainless steel. 
Total gamma contamination of primary circuit is estimated of the order of 1014 to 1015 Bq and total 
alpha contamination is 1011 to 1013 Bq. Total amount of deposits in the primary circuit is about 14.3 
tons [5]. 

2.8. Inventory of radioactive waste 
Estimate of the amounts and radioactivity in NPP A-1 decommissioning waste are presented in Table 
1. The largest masses/volumes of waste are the non-processible waste such as concrete rubble, 
contaminated soil, metallic components and compactable waste. The total radioactivity estimated for 
NPP A-1 decommissioning waste is approximately 4.0x1015 Bq. The main contributors to the 
inventory (Table 1) include chrompik, sludges, components from dismantling of reactor and sorbents. 
The principal radionuclide is 137Cs (3.5E1015 Bq) and other short-lived isotopes, 63Ni (2.9E1014 Bq) 
and 90Sr (1.2E1014 Bq). The most important long-lived radionuclides are 59Ni (3.4E1012 Bq), 239Pu 
(2.0E1012 Bq), 94Nb (1.2E1012 Bq) and 99Tc (8.0E1011 Bq). 

3. Conditioning and packaging options for various types of waste 
Bohunice Conditioning Centre is the basic facility for final treatment and conditioning of radioactive 
waste. The following facilities are available at the Centre:  

� Concentration plant for volume reduction of liquid non-combustible waste; 

� Incineration plant for volume reduction of solid and liquid combustible waste; 

� High-pressure compactor for volume reduction of solid compactable waste; and 

� Cementation plant for the conditioning of liquid concentrates and other liquid waste.  

Two bituminization plants with capacity of 120 dm³/hour each are in operation at Bohunice site. 
Evaporator concentrates from NPPs V-1, V-2 and from the NPP A-1 are fixed in A-P 80 soft type 
bitumen. Salts content in the final product is 40% (V-1, V-2) and 25- 30% (A-1). Final product of 
waste bituminization is poured into 200 dm³ drums.  

New technologies were developed for processing of wastes from the NPP A-1 decommissioning. 
These technologies are in principle able to transform all radioactive waste into form suitable for 
disposal or long-term storage: 

� Vitrification is used for solidification of radioactive chrompik into a glass matrix of boric-
silicate type; 

� Sludges from dowtherm and from the long-term storage pool are encapsulated into inorganic 
silicate (SIAL) matrix directly in the drum; 

� A mobile cementation facility was designed for fixation of sludges and gravel from 
underground storage tanks directly into 200 dm3 drums; 
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� Dowtherm and combustible waste are incinerated with volume reduction factor of 14.3. 
Resulting ash is homogenised with paraffin and high pressure compacted; 

� A batch bituminisation unit was designed for treatment and conditioning of spent resins, 

� Casings and large metallic pieces are processed in a fragmentation facility; 

� A facility for treatment and shredding of spent aerosol HEPA filters with separation of cartridge 
filters into metallic and aluminium components is also available. 

Cementation is used for macro-encapsulation of products of the above mentioned technologies placed 
in the standard reinforced fibre concrete container (RFCC). Void space in the container is filled with 
cement mortar or cemented liquid waste. Waste from decommissioning of NPP A-1 (see Table 1) will 
need repository capacity for 5,855 containers. 

Approved Limits and Conditions of Mochovce disposal facility contain definition of acceptable forms 
of waste packages. A set of disposal waste packages had been approved by regulatory authority on the 
basis of safety analyses.  

4. Near surface disposal facility 
The National Radioactive Waste Repository in Mochovce site is a near surface construction devoted to 
disposal of solid and solidified low and intermediate level radioactive wastes resulting from operation 
and decommissioning of nuclear power plants. The present disposal structures consist of 80 concrete 
vaults. 90 (3x10x3) standard concrete containers can be inserted into each particular vault. So, the 
present capacity of the disposal facility is 7,200 containers with a total volume of 22,320 m3.

Operation of the Mochovce repository started in September 2001. At the end of the year 2005  1,032 
containers (14.3 % from the total volume) were disposed of in the repository. Within the overall 
disposed wastes, operational wastes predominate and radioactive waste from decommissioning of A-1 
is a small part (see Table 2). One container with average weight of 4,323 kg of conditioned waste 
contains on average 4.9 drums with bitumen product and 4 pellets of compacted solid waste. 

Table 3 shows the total activity of disposed containers and the percentage of two most important 
radionuclides in total activity during years 2001-2005. The major contribution (91.5-98.0 %) to the 
total activity comes from 137Cs. Contribution of other radionuclides is negligible. 

5. Free release 
More than 1,200 tons of scrap metal resulting from dismantling of auxiliary equipment and 
contaminated part of the secondary circuit are stored and prepared for decontamination. One effective 
way for reducing the decommissioning waste volume is clearance of materials. Clearance criteria are 
established by Regulation No. 12/2001 (Radiation protection regulation). Based on ‘de minimis’ 
concept (10 � Sv/y) clearance criteria for mass activity and surface contamination are defined in the 
regulation for groups of radionuclides.   

Efficient clearance of materials requires powerful measuring technique, which allows checking the 
material in a short time and with reliable results. Monitoring facility at NPP A-1 started operation in 
May 2003. After definition of radionuclide vectors, this facility obtained licence for clearance of 
stainless steel, carbon steel, aluminium and concrete. Material stored in 200 dm3 drums is measured by 
a gamma scanner in 4 � geometry with three coaxial germanium detectors mounted in five-day multi 
altitude removable cryostats with manual LN2 fill system. Table 4 summarizes the data on masses 
released during three years of monitoring facility operation. Re use of equipment was applied to 
pumps, fixtures and small electric parts after decontamination.  

6. Conclusion 
Management of waste generated during decommissioning of NPP A-1 presents several problems. This 
waste is different from waste generated during normal operation of NPPs. These differences include 
chemical, physical and radiological characteristics, as well as physical forms, amounts and activity. 
From physical-chemical point of view waste from NPP A-1 presents very heterogeneous composition.  

The largest masses/volumes of waste are represented by non-processible waste - like concrete rubble, 
contaminated soil, metallic components and compactable waste. The main contributors to the 
inventory from decommissioning of NPP A-1 include chrompik, sludges, components from 
dismantling of reactor and sorbents. These wastes present relatively small volume. The principal 
radionuclide is 137Cs and other short-lived radionuclides like 63Ni and 90Sr.  Among long-lived 
radionuclides 59Ni, 239Pu and 94Nb are the most important. Due to their specific characteristics wastes 
from NPP A-1 decommissioning are not very suitable for conventional or simple methods of retrieval, 
treatment, conditioning and disposal.  Proper planning and selection of appropriate waste management 
options is of particular importance from organisational, safety and economic point of view. 
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Table 1. Estimates of amounts and activity of the most important radionuclides in NPP A-1 
decommissioning waste 

Amount  Radionuclide activity [Bq]
 m3 59Ni 63Ni 90Sr 94Nb 99Tc 137Cs 239Pu 

Chrompik 12.8 2.5E+09 3.4E+11 1.0E+14 2.6E+08 7.6E+11 
3.0E+
15 3.2E+11 

Dowtherm 23.5 1.5E+06 2.1E+08 5.7E+10 1.6E+05 4.5E+08 
1.8E+
12 1.9E+08 

Liquid 127.1 7.6E+05 1.0E+08 2.4E+10 8.0E+04 2.3E+08 
9.1E+
11 3.9E+07 

Sludges 301.3 6.4E+10 1.4E+13 3.8E+12 9.0E+11 1.2E+09 
2.8E+
14 1.3E+11 

Sorbents 12.6 1.3E+09 2.8E+11 1.4E+12 1.7E+10 2.2E+09 
9.7E+1
3 3.5E+10 

Concentrate 720 1.5E+07 1.6E+10 3.1E+09 1.6E+06 9.9E+08 
9.7E+
11 1.2E+10 

Compactable 5042 1.7E+05 7.8E+08 4.6E+09 8.6E+04 2.2E+09 
4.0E+
11 4.3E+08 

Soil, gravel 1072 6.8E+04 3.2E+08 4.9E+08 7.1E+03 3.1E+06 
5.4E+
10 3.3E+07 

Ash 3 6.1E+03 9.9E+06 1.4E+09 1.1E+06 1.2E+06 
3.4E+
09 1.9E+06 

Oil 40.2 9.6E+02 1.3E+05 4.1E+07 1.0E+02 3.3E+05 
1.3E+
09 4.2E+06 

Abrasions  65 4.1E+04 1.9E+08 3.0E+08 4.3E+03 1.9E+08 
3.3E+
10 1.8E+08 

Air filters 672 6.3E+04 3.0E+08 3.7E+08 6.6E+03 2.3E+08 
4.0E+
10 2.7E+08 

tons        

Combustible 111 9.1E+04 2.2E+09 6.2E+08 1.5E+05 6.5E+07 
4.2E+
10 5.6E+06 

Concrete,soil 8663 1.0E+05 4.8E+08 6.9E+08 1.1E+04 4.7E+08 
8.0E+
10 9.9E+06 

Metal waste 3237 1.1E+09 1.8E+12 1.3E+13 2.0E+11 2.8E+10 
3.3E+
13 1.2E+12 

Reactor 
components 216 3.3E+12 2.7E+14 8.3E+10 1.1E+11 6.6E+08 

2.6E+
12 1.0E+11 

Slag from 
melting 854 1.5E+06 2.5E+09 3.6E+11 2.9E+08 3.0E+08 

8.5E+
11 5.5E+09 

Solidified1 713 2.8E+08 3.5E+10 4.5E+12 8.6E+08 1.2E+10 
5.8E+
13 1.7E+11 

1 includes solidified chrompik in glass, sludge solidified in cement or silicates (SIAL)  

Table 2. Summary of waste disposed of in the Mochovce repository during the years 2001-2005. 

Year Number of 
containers 

Weight-operational 
waste [t] 

Weight-waste 
from NPP A-1 [t] 

Drums 
[pieces] 

Pellets
[pieces] 

2001 115 553.85  537 550 
2002 214 917.57 3.8 1,023 841 
2003 240 880.78 107.30 1,130 783 
2004 218 781.58 140.54 1,081 888 
2005 238 855.4 124.0 1,214 994 

Table 3. Total activity received and percentage of two most important radionuclides in the Mochovce 
repository during the years 2001-2005. 

Year Total activity 
[Bq]

% from total received 
activity (1st nuclide) 

% from total received 
activity (2nd nuclide) 

2001 1.53E+12 97.4 137Cs 1.20     90Sr
2002 2.99E+12 97.4 137Cs 1.94     14C
2003 2.41E+12 91.5 137Cs 7.11     14C
2004 2.24E+12 98.0 137Cs 1.24    90Sr
2005 1.09E+13 96.5 137Cs 3.10   90Sr

Table 4. Amount of materials (tons) released from NPP A-1 during the years 2003-2005. 

Year Stainless steel Carbon steel Concrete Aluminium 
2003 18.3 35.6   
2004 29.1 116 24.6 0.388 
2005 21.5 46.6 32.1  
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Abstract. The selection of appropriate clearance criteria plays an important role in the definition of the 
decommissioning strategy and the final release of a nuclear or radioactive facility from regulatory control. The 
experience in the definition of the end point in decommissioning of a brachytherapy facility at the National 
Institute of Oncology and Radiobiology in Cuba is described in the paper. Large volume of very low level 
radioactive waste was generated during decommissioning activities. Taking into consideration the very low 
activity concentration in the waste, the limited capacity of the storage facility and the absence of a repository for 
final disposal of radioactive waste, conditional clearance and release was considered the best option for the 
management of this kind of waste. The definition of a reference level for conditional clearance of very low level 
radioactive waste is also described in the paper.  

1. Introduction 
The National Institute of Oncology and Radiobiology (INOR) was one of the pioneers in the use of 
radioactive material in medicine in Cuba. The brachytherapy services have been provided since the 
forties. The first brachytherapy facility was located in section A. Later on, the brachytherapy service 
was moved to another section within the hospital and the former facility was then used as temporary 
storage facility for disused sealed sources. One or more 137Cs sources stored there were leaking, 
causing a radioactive contamination in the area. 

Different dismantling and decontamination (D&D) activities were carried out in the facility between 
1988 and 1999. But for different reasons, the requirements established by the Regulatory Authority for 
decommissioning could not be achieved [1]. Then the selection of appropriate clearance criteria played 
an important role in the definition of decommissioning strategy and the final release of the facility 
from regulatory control [2]. 

Large volume of very low level radioactive waste was generated during D&D activities. Taking into 
consideration the very low activity concentration of the waste, the limited capacity of the storage 
facility and the absence of a repository for final disposal of radioactive waste, conditional clearance 
and release was considered as the best option for the management of this kind of waste. The 
radiological impact resulting from the clearance of radioactive waste with very low activity and the 
release of cleared materials to a conventional landfill was evaluated.  

2. Criteria for release of the facility from regulatory control 

2.1. Problems encountered 
In 1997 the INOR requested the Centre for Radiation Protection and Hygiene (CPHR) to carry out the 
radiological characterization and decommissioning of the former brachytherapy facility. The 
radiological situation in the contaminated areas was evaluated, confirming the extent of contamination 
with 137Cs. The first decommissioning plan was elaborated and the Institute applied for a License for 
Decommissioning. The criteria and reference levels for the final release of the facility from regulatory 
control were the following [1]: 

� The residual surface contamination should be fixed, i.e. removable contamination is not 
allowed;

� Surface contamination: 0.4 Bq/cm2;

� Dose rate at 1 m of any surface: 1 �Sv/h. 
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2. Criteria for release of the facility from regulatory control 

2.1. Problems encountered 
In 1997 the INOR requested the Centre for Radiation Protection and Hygiene (CPHR) to carry out the 
radiological characterization and decommissioning of the former brachytherapy facility. The 
radiological situation in the contaminated areas was evaluated, confirming the extent of contamination 
with 137Cs. The first decommissioning plan was elaborated and the Institute applied for a License for 
Decommissioning. The criteria and reference levels for the final release of the facility from regulatory 
control were the following [1]: 

� The residual surface contamination should be fixed, i.e. removable contamination is not 
allowed;
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The Regulatory Body granted the authorization. Dismantling and decontamination activities were 
carried out in 1999 by the Radioactive Waste Management Group of the CPHR. Using physical and 
chemical methods for decontamination, radiation and contamination levels were significantly reduced; 
nevertheless, these levels remained relatively high comparing with the reference clearance levels. It 
was perceived that the use of water in previous decontamination activities (in 1988) and the long 
period of time the facility was closed caused the spread of contamination. For example, most floor 
tiles in the area were contaminated. Some of them were removed and it was verified that the 
construction filling material beneath the tiles was also contaminated. The dose rates at the surfaces of 
the floor were in the order of hundred of �Sv/h in some areas. A radiological characterization in the 
garden corroborates the presence of 137Cs in the soil.  

After several attempts, the first requirement had been fulfilled, but to reach the established 
contamination level of 0.4 Bq/cm2, it was concluded that was impracticable. It would be necessary to 
remove all contaminated material from the facility. That would generate large quantities of radioactive 
waste and the cost of decommissioning activities would be considerably increased. On the other hand, 
it was not possible to measure this order of magnitude using the available equipment (a surface 
contamination monitor MiniInstrument LTD model 1500). For these reasons, it was decided to 
temporarily stop D&D activities and to propose the INOR and the Regulatory Authority to change the 
decommissioning strategy.  

2.2. Solutions 
A new decommissioning strategy was elaborated and presented to the Regulatory Authority for 
approval. The new strategy considered several issues: 

� After decommissioning the facility would be used for non-nuclear activities;  

� As parts of the walls and floors would be dismantled during D&D activities, re-build would be 
required before facility re-use;  

� No institutional control will remain in place, although the INOR will continue using radioactive 
materials in other facilities within the hospital.  

The radiological criteria proposed for clearance in the decommissioning plan considered that the 
annual dose received by members of the public should not exceed 0.3 mSv above the natural 
background, in the worst case scenario [2]. Following these criteria, operational reference levels in 
term of dose rate and specific activity were derived: 

� Dose rate: Dose rate at 10 cm from any surface (walls, floors and roofs) should not exceed     
0.1 �Sv/h above the natural background. By considering this exposure condition, an occupancy 
factor 66% and a two meter radius plane source, the annual effective dose estimated was         
0.22 mSv [2]. This result was obtained as an example for a 2 meter radius room. For smaller 
surfaces the dose rates would be lower;  

� Activity concentration: Specific activity in the soil (in the garden and floor filling materials) 
should not exceed 1 Bq/g. The annual dose was estimated considering a two meter radius area 
filled with typical soil (density 1.6 g/cm3), activity concentration 1Bq/g and an occupancy factor 
66%. The maximum annual effective dose was 0.24 mSv [2]. It was considered that the 137Cs 
concentration was 1Bq/g in all the profile of the soil. It was an overestimation because the 
distribution coefficient (kd) is high and consequently the activity concentration should decrease 
in depth. The occupancy factor, the dimensions of the contaminated area, as well as the depth of 
contaminated soil were estimated, taking into account conservative assumptions. It is expected 
that the annual doses would be lower than the calculated.  

The commitment effective dose from a hypothetical consumption of food produced in the area of the 
garden, contaminated with 137Cs (1Bq/g), was evaluated for the following scenarios:  

� Ingestion from the consumption of milk, considering the pasture in the area of the garden; 

� Ingestion from the consumption of meat, considering the pasture in the area of the garden; 

� Ingestion of vegetables directly produced in the garden. 

The doses obtained from the assessment were trivial because of the low concentration of the 
radionuclide (1Bq/g), as well as the small extension of the contaminated area.  

The Regulatory Authority approved the proposed strategy for decommissioning, based on these 
criteria and the proposed reference levels. The INOR received the authorization to carry out D&D 
activities, which are described in previous publication [2].  

2.3. Lessons learned 
It was demonstrated that the use of predetermined magnitudes of dose rate and surface contamination 
as clearance levels for decommissioning of the former brachytherapy facility at INOR was not 
reasonable. Moreover, these two magnitudes were not consistent each other. A two meter radius plane 
surface contaminated with 137Cs and surface activity 0.4 Bq/cm2 will produce a dose rate at 1 meter of 
1.74 nSv/h. On the other hand, to obtain a dose rate of 1 �Sv/h at 1 meter from a two meter radius 
plane surface contaminated with 137Cs, the surface activity should be 230 Bq/cm2. There also was an 
inconsistency from operational point of view: 

� To reach a contamination level of 0.4 Bq/cm2 was impracticable under existing specific 
conditions. That would generate a large quantity of radioactive waste and the cost of 
decommissioning activities would be considerably increased; 

� To reach a dose rate level of 1 �Sv/h at 1 meter from any surface would be possible. 
Nevertheless, that  dose rate level would imply annual doses to members of the public higher 
that 1 mSv, considering that after decommissioning the facility would be used for non-nuclear 
activities.  

The use of a radiological criteria based on annual doses was an acceptable and optimal solution for the 
final release of the brachytherapy facility from regulatory control. The criteria and strategies for 
decommissioning should consider aspects such as: 

� If the objective for decommissioning is the free release from regulatory control or restricted 
release (for example, if the facility will be used for other nuclear activity or because of other 
reasons some institutional control will remain in place); 

� If reconstruction activities or construction modifications are planned after D&D;  

� Safety, technical, as well as financial considerations. 

3. Management of radioactive waste generated from decommissioning 

3.1. Problems encountered 
Although necessary measures were taken to minimize waste generation, the following amount of 
radioactive waste was generated during decommissioning of the brachytherapy facility at the INOR: 

� Non-compressible solid radioactive waste (concrete debris and soil): 18 m3.

� Compressible solid radioactive waste: 1 m3.

� Non radioactive waste: 5 m3 .

Compressible radioactive waste did not represent any problem, as the volume was very low and it 
could be reduced. However, the volume of non-compressible solids represented approximately 20% of 
the operational capacity of the centralized storage facility. Moreover, if these wastes were conditioned, 
the volume would at least double. Most of these wastes have very low activity contents.  

3.2. Solutions 
Clearance and release of very low activity materials from regulatory control was considered an 
appropriate strategy to optimize waste management.  
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The Regulatory Body granted the authorization. Dismantling and decontamination activities were 
carried out in 1999 by the Radioactive Waste Management Group of the CPHR. Using physical and 
chemical methods for decontamination, radiation and contamination levels were significantly reduced; 
nevertheless, these levels remained relatively high comparing with the reference clearance levels. It 
was perceived that the use of water in previous decontamination activities (in 1988) and the long 
period of time the facility was closed caused the spread of contamination. For example, most floor 
tiles in the area were contaminated. Some of them were removed and it was verified that the 
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the floor were in the order of hundred of �Sv/h in some areas. A radiological characterization in the 
garden corroborates the presence of 137Cs in the soil.  
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contamination level of 0.4 Bq/cm2, it was concluded that was impracticable. It would be necessary to 
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waste and the cost of decommissioning activities would be considerably increased. On the other hand, 
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The radiological criteria proposed for clearance in the decommissioning plan considered that the 
annual dose received by members of the public should not exceed 0.3 mSv above the natural 
background, in the worst case scenario [2]. Following these criteria, operational reference levels in 
term of dose rate and specific activity were derived: 
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0.1 �Sv/h above the natural background. By considering this exposure condition, an occupancy 
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2.3. Lessons learned 
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plane surface contaminated with 137Cs, the surface activity should be 230 Bq/cm2. There also was an 
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Nevertheless, that  dose rate level would imply annual doses to members of the public higher 
that 1 mSv, considering that after decommissioning the facility would be used for non-nuclear 
activities.  

The use of a radiological criteria based on annual doses was an acceptable and optimal solution for the 
final release of the brachytherapy facility from regulatory control. The criteria and strategies for 
decommissioning should consider aspects such as: 

� If the objective for decommissioning is the free release from regulatory control or restricted 
release (for example, if the facility will be used for other nuclear activity or because of other 
reasons some institutional control will remain in place); 

� If reconstruction activities or construction modifications are planned after D&D;  

� Safety, technical, as well as financial considerations. 

3. Management of radioactive waste generated from decommissioning 

3.1. Problems encountered 
Although necessary measures were taken to minimize waste generation, the following amount of 
radioactive waste was generated during decommissioning of the brachytherapy facility at the INOR: 

� Non-compressible solid radioactive waste (concrete debris and soil): 18 m3.

� Compressible solid radioactive waste: 1 m3.

� Non radioactive waste: 5 m3 .

Compressible radioactive waste did not represent any problem, as the volume was very low and it 
could be reduced. However, the volume of non-compressible solids represented approximately 20% of 
the operational capacity of the centralized storage facility. Moreover, if these wastes were conditioned, 
the volume would at least double. Most of these wastes have very low activity contents.  

3.2. Solutions 
Clearance and release of very low activity materials from regulatory control was considered an 
appropriate strategy to optimize waste management.  
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3.2.1. Characterization 
A detailed characterization of generated radioactive waste was an essential task for defining the 
possibility of clearance. During D&D activities, non-compressible solid waste were collected in plastic 
bags and placed into standard 220-liter drums. The total activity in each drum was estimated from the 
maximum dose rates measured at a certain distance from the drums, according to the methodology 
described in reference [3]for extended sources and cylindrical geometry. Knowing the weight of the 
drums, the specific activity was estimated. Total activities of the 90 drums characterized varied 
between 40 and 500 MBq and specific activities were between 50 and 1700 Bq/g. The results of 
characterization showed that soil contained lower activities than concrete. 

According to national regulations [4], the unconditional clearance level for solid materials containing 
137Cs is 0.3 Bq/g. Activity concentrations in all waste drums exceeded this value. Therefore, it was 
necessary to evaluate the possibility of conditional clearance and to propose it to the Regulatory 
Authority. 

3.2.2. Assessment of the radiological impact 
The clearance of radioactive waste and the release of cleared materials to a conventional landfill was 
considered the most appropriate way for managing these very low activity wastes. Derived clearance 
levels were estimated on the basis that the dose criteria for release (10 �Sv annual dose for the 
members of the public) were met for all relevant scenarios of exposure considered.  

In the choice of scenarios and pathways of exposure, another problem was raised: the landfills are not 
controlled. Therefore the human intrusion had to be considered as an important scenario for dose 
evaluation. As the wastes contained soil and debris, it was recommended to release them on a specific 
road between the existing trenches. This zone is less frequented by intruders. The following scenarios 
were considered in the assessment of the radiological impact: 

� The release of radioactive materials on the road between the trenches;  

� The extension of the material along the road;  

� Human intrusion in the landfill.  

A brief description of the radiological impact assessment for each scenario is given below: 

The release of radioactive materials in the road among the trenches 

(a) This operation would be carried out by an occupational exposed worker. In order to estimate the 
dose, it was considered that the release would be carried out from a truck containing the drums 
with solid materials. Therefore, the operator would receive the radiation from the drums placed 
in the truck. The estimated effective dose for the operator would be 0.5 mSv. This value was 
considered acceptable for an occupational exposed worker. 

The extension of the material along the road  

(b) This operation would be carried out by a worker of the facility (landfill), using their operational 
experience and the appropriate equipment for conditioning of conventional waste. It was 
considered that the effective dose due to external exposure from contaminated materials would 
be insignificant. The inhalation of contaminated aerosols was considered as the relevant 
pathway for dose estimation. The commitment effective dose obtained was 0.2 µSv.  

Human intrusion in the landfill 

(c) For this scenario, the external exposure was considered to be the most significant pathway to 
cause some doses to the individual. Clearance levels in terms of activity concentration were 
calculated taking into account the following factors: 

� Dose constrains for the public (10 µSv/year); 

� Time the intruder would stay in the landfill (4 hours/day); 

� Volume of waste proposed to release (a first estimation was done considering the release of all 
the waste, i.e. 90 drums. A second estimation considered a partial release of 50 drums); 

� Total area where the contaminated material would be placed (180 m2 for 90 drums and 100 m2

for 50 drums). The area was calculated considering that the total volume of waste would be 
distributed in a 10 cm thick layer;  

� Occupancy factor 3.6*10-4 for total release or 2.0*10-4 for partial release (it is the fraction of 
contaminated area with regard to the total area used in the landfill: two trenches of 250000 m2

each and the road of 5000 m2);

� Time the intruder would stay in the contaminated area of the landfill 0.52 hours/year (90 drums) 
or 0.29 hours/year (50 drums);  

� The dose rate per unit activity concentration (1 Bq/cm3) would be 11.3 �Sv/h. It was calculated 
considering that contaminated material would be dispersed in a 10 cm thick layer and it was 
assumed that a circular area of 200 m2 (within 0.8 m radius) around the point of measurement 
would influence in the dose rate. 

The dose rate permitted in the contaminated area, which would guaranty the annual dose of 10 µSv for 
the public, would be 19.22 µSv/h for total release and 34.59 µSv/h for partial release.  

Having a concentration of 1 Bq/cm3 in the released material the dose rate in the area will be            
11.3 µSv/h. Then, to obtain a dose rate of 19.22 µSv/h the activity concentration should not exceed 
170 Bq/cm3 for total release. According to the characterization, only 5 drums have activity 
concentrations less than 170 Bq/cm3. The same calculation was done for a partial release (50 drums) 
and the obtained activity concentration was 307 Bq/cm3. According to characterization, 49 drums 
could be released.  

The limiting scenario and pathway for the radionuclide was the external exposure of the intruders in 
the landfill. If 49 drums containing radioactive materials with activity concentration less than 170 
Bq/cm3 will be released to the landfill, the annual dose to the intruders will not exceed 10 �Sv. This 
approach will be presented to the Regulatory Authority for evaluation.  

3.3. Lessons learned 
It was demonstrated that conditional clearance and release could be considered as an appropriate and 
the optimal strategy for the management of very low level radioactive waste. The dose impact is 
acceptable for the possible scenarios of exposure considered. 

4. Conclusions 
The selection of appropriate reference levels for the final release of a nuclear facility from regulatory 
control and clearance levels for the management of generated radioactive waste, could have a positive 
effect in the financial aspects of decommissioning without compromising safety issues. 

An individual dose criterion of 10 �Sv/y offers a reasonable basis for deriving site specific volumetric 
clearance levels.  
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3.2.1. Characterization 
A detailed characterization of generated radioactive waste was an essential task for defining the 
possibility of clearance. During D&D activities, non-compressible solid waste were collected in plastic 
bags and placed into standard 220-liter drums. The total activity in each drum was estimated from the 
maximum dose rates measured at a certain distance from the drums, according to the methodology 
described in reference [3]for extended sources and cylindrical geometry. Knowing the weight of the 
drums, the specific activity was estimated. Total activities of the 90 drums characterized varied 
between 40 and 500 MBq and specific activities were between 50 and 1700 Bq/g. The results of 
characterization showed that soil contained lower activities than concrete. 

According to national regulations [4], the unconditional clearance level for solid materials containing 
137Cs is 0.3 Bq/g. Activity concentrations in all waste drums exceeded this value. Therefore, it was 
necessary to evaluate the possibility of conditional clearance and to propose it to the Regulatory 
Authority. 

3.2.2. Assessment of the radiological impact 
The clearance of radioactive waste and the release of cleared materials to a conventional landfill was 
considered the most appropriate way for managing these very low activity wastes. Derived clearance 
levels were estimated on the basis that the dose criteria for release (10 �Sv annual dose for the 
members of the public) were met for all relevant scenarios of exposure considered.  

In the choice of scenarios and pathways of exposure, another problem was raised: the landfills are not 
controlled. Therefore the human intrusion had to be considered as an important scenario for dose 
evaluation. As the wastes contained soil and debris, it was recommended to release them on a specific 
road between the existing trenches. This zone is less frequented by intruders. The following scenarios 
were considered in the assessment of the radiological impact: 

� The release of radioactive materials on the road between the trenches;  

� The extension of the material along the road;  

� Human intrusion in the landfill.  

A brief description of the radiological impact assessment for each scenario is given below: 

The release of radioactive materials in the road among the trenches 

(a) This operation would be carried out by an occupational exposed worker. In order to estimate the 
dose, it was considered that the release would be carried out from a truck containing the drums 
with solid materials. Therefore, the operator would receive the radiation from the drums placed 
in the truck. The estimated effective dose for the operator would be 0.5 mSv. This value was 
considered acceptable for an occupational exposed worker. 

The extension of the material along the road  

(b) This operation would be carried out by a worker of the facility (landfill), using their operational 
experience and the appropriate equipment for conditioning of conventional waste. It was 
considered that the effective dose due to external exposure from contaminated materials would 
be insignificant. The inhalation of contaminated aerosols was considered as the relevant 
pathway for dose estimation. The commitment effective dose obtained was 0.2 µSv.  

Human intrusion in the landfill 

(c) For this scenario, the external exposure was considered to be the most significant pathway to 
cause some doses to the individual. Clearance levels in terms of activity concentration were 
calculated taking into account the following factors: 

� Dose constrains for the public (10 µSv/year); 

� Time the intruder would stay in the landfill (4 hours/day); 

� Volume of waste proposed to release (a first estimation was done considering the release of all 
the waste, i.e. 90 drums. A second estimation considered a partial release of 50 drums); 

� Total area where the contaminated material would be placed (180 m2 for 90 drums and 100 m2

for 50 drums). The area was calculated considering that the total volume of waste would be 
distributed in a 10 cm thick layer;  

� Occupancy factor 3.6*10-4 for total release or 2.0*10-4 for partial release (it is the fraction of 
contaminated area with regard to the total area used in the landfill: two trenches of 250000 m2

each and the road of 5000 m2);

� Time the intruder would stay in the contaminated area of the landfill 0.52 hours/year (90 drums) 
or 0.29 hours/year (50 drums);  

� The dose rate per unit activity concentration (1 Bq/cm3) would be 11.3 �Sv/h. It was calculated 
considering that contaminated material would be dispersed in a 10 cm thick layer and it was 
assumed that a circular area of 200 m2 (within 0.8 m radius) around the point of measurement 
would influence in the dose rate. 

The dose rate permitted in the contaminated area, which would guaranty the annual dose of 10 µSv for 
the public, would be 19.22 µSv/h for total release and 34.59 µSv/h for partial release.  

Having a concentration of 1 Bq/cm3 in the released material the dose rate in the area will be            
11.3 µSv/h. Then, to obtain a dose rate of 19.22 µSv/h the activity concentration should not exceed 
170 Bq/cm3 for total release. According to the characterization, only 5 drums have activity 
concentrations less than 170 Bq/cm3. The same calculation was done for a partial release (50 drums) 
and the obtained activity concentration was 307 Bq/cm3. According to characterization, 49 drums 
could be released.  

The limiting scenario and pathway for the radionuclide was the external exposure of the intruders in 
the landfill. If 49 drums containing radioactive materials with activity concentration less than 170 
Bq/cm3 will be released to the landfill, the annual dose to the intruders will not exceed 10 �Sv. This 
approach will be presented to the Regulatory Authority for evaluation.  

3.3. Lessons learned 
It was demonstrated that conditional clearance and release could be considered as an appropriate and 
the optimal strategy for the management of very low level radioactive waste. The dose impact is 
acceptable for the possible scenarios of exposure considered. 

4. Conclusions 
The selection of appropriate reference levels for the final release of a nuclear facility from regulatory 
control and clearance levels for the management of generated radioactive waste, could have a positive 
effect in the financial aspects of decommissioning without compromising safety issues. 

An individual dose criterion of 10 �Sv/y offers a reasonable basis for deriving site specific volumetric 
clearance levels.  
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Peculiar aspects of decommissioning waste relating to disposal – lessons learned  

L. Nachmilner 

International Atomic Energy Agency, 
Vienna 

Abstract. Waste acceptance criteria, a series of either qualitative or quantitative requirements, limit the 
types of radioactive waste that can be disposed of in a repository. Disposing of decommissioning waste into 
currently operated repositories, which, mostly, are near surface facilities, may be limited by specific activity of 
both short and long lived radionuclides in the waste, and other safety, technical, and formal criteria. Non-routine, 
possibly novel approaches may be required. Specifically, accepting decommissioning waste into a repository can 
require consideration of a number of factors, such as the following: 

� For safety purposes, knowledge of the specific activity of particular radionuclides, the chemical 
composition of wastes, their chemotoxicity, and other specific information defining the waste will be 
needed; 

� Typically, the dimensions and weight of solid waste items will be needed; 

� Administratively, an adequate legislative background and QM/QA systems will be required to deal with 
missing information such as that caused by the presence of old waste, an older regulatory framework and 
more recent revisions in recycling formalities; 

� The processing, storage and transport of large volumes of very low level waste and handling of untypical 
bulky waste will present cost concerns. 

Keeping this approach in mind, decommissioning wastes can be appropriately conditioned, transported and 
disposed of in a safe, technically and economically optimal manner. 

1. A need for planning 
Decommissioning is the last phase of the nuclear facility lifecycle. Its goal is to get rid of all 
radioactive materials so that the facility, building or site could be used for other purposes. A logical 
summary of methods applied during decommissioning is demolition: except for some recyclable 
materials everything shall be conditioned and disposed of at a suitable dumping site or at a radioactive 
waste repository, as far as the waste activity exceeds approved legal levels. Experience has shown that 
even if such approach is right, it should not be implemented automatically. It requires deliberated 
planning. Otherwise, the safety of disposal operations and long term safety of disposal facilities may 
be jeopardized, or at least, optimal waste management may be precluded. 

There are some typical features of decommissioning waste contrasting to operational ones: 
decommissioning waste has a common denominator, which is the variability in radiochemical 
composition and in physico-chemical characteristics. Some objects are very large and a significant 
fraction of waste is metallic. Using practical examples, the aforementioned factors are discussed and 
ways are indicated in the following paragraphs for solving potential disposal problems. 

2. Chemical and radiochemical constraints 
Decontamination procedures extensively employ surfactants and organic complexing ligands to 
mobilize radionuclides from contaminated surfaces and to keep them in solution. On the contrary, long 
term safety requirements on final waste form are entirely opposite: immobilization of radionuclides is 
the headstone for safe long term performance of the repository barrier system. Furthermore, these 
chemicals may cause intensive foaming during evaporation of waste liquids and may block cement 
setting when solidifying evaporator bottoms. Therefore, it is advisable to keep their concentration as 
low as possible, typically below 1gL in raw waste liquids. Otherwise, an additional chemical 
pretreatment (oxidization) is required to destroy excess amounts of these compounds.  
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Abstract. Waste acceptance criteria, a series of either qualitative or quantitative requirements, limit the 
types of radioactive waste that can be disposed of in a repository. Disposing of decommissioning waste into 
currently operated repositories, which, mostly, are near surface facilities, may be limited by specific activity of 
both short and long lived radionuclides in the waste, and other safety, technical, and formal criteria. Non-routine, 
possibly novel approaches may be required. Specifically, accepting decommissioning waste into a repository can 
require consideration of a number of factors, such as the following: 

� For safety purposes, knowledge of the specific activity of particular radionuclides, the chemical 
composition of wastes, their chemotoxicity, and other specific information defining the waste will be 
needed; 

� Typically, the dimensions and weight of solid waste items will be needed; 

� Administratively, an adequate legislative background and QM/QA systems will be required to deal with 
missing information such as that caused by the presence of old waste, an older regulatory framework and 
more recent revisions in recycling formalities; 

� The processing, storage and transport of large volumes of very low level waste and handling of untypical 
bulky waste will present cost concerns. 

Keeping this approach in mind, decommissioning wastes can be appropriately conditioned, transported and 
disposed of in a safe, technically and economically optimal manner. 

1. A need for planning 
Decommissioning is the last phase of the nuclear facility lifecycle. Its goal is to get rid of all 
radioactive materials so that the facility, building or site could be used for other purposes. A logical 
summary of methods applied during decommissioning is demolition: except for some recyclable 
materials everything shall be conditioned and disposed of at a suitable dumping site or at a radioactive 
waste repository, as far as the waste activity exceeds approved legal levels. Experience has shown that 
even if such approach is right, it should not be implemented automatically. It requires deliberated 
planning. Otherwise, the safety of disposal operations and long term safety of disposal facilities may 
be jeopardized, or at least, optimal waste management may be precluded. 

There are some typical features of decommissioning waste contrasting to operational ones: 
decommissioning waste has a common denominator, which is the variability in radiochemical 
composition and in physico-chemical characteristics. Some objects are very large and a significant 
fraction of waste is metallic. Using practical examples, the aforementioned factors are discussed and 
ways are indicated in the following paragraphs for solving potential disposal problems. 

2. Chemical and radiochemical constraints 
Decontamination procedures extensively employ surfactants and organic complexing ligands to 
mobilize radionuclides from contaminated surfaces and to keep them in solution. On the contrary, long 
term safety requirements on final waste form are entirely opposite: immobilization of radionuclides is 
the headstone for safe long term performance of the repository barrier system. Furthermore, these 
chemicals may cause intensive foaming during evaporation of waste liquids and may block cement 
setting when solidifying evaporator bottoms. Therefore, it is advisable to keep their concentration as 
low as possible, typically below 1gL in raw waste liquids. Otherwise, an additional chemical 
pretreatment (oxidization) is required to destroy excess amounts of these compounds.  
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Gas generation might be a critical process for some disposal systems, if its rate tends to be too high. It 
may result in damaging barrier system and even operational safety may be compromised as most gases 
are composed of hydrocarbons and hydrogen which are highly flammable or even explosive. Gas in 
the repository is created as a consequence of radiolysis of water and organic materials, by microbial 
degradation of organic materials and metal corrosion. Some metals exhibit unacceptable gas 
generation rate if inappropriately conditioned. Typically, aluminium in contact with cement or geo-
polymer matrix might be a real problem [1]. Gas generation could be partially solved by special 
repository construction allowing for gas release. Nevertheless, preventive measures avoiding the 
contact of metals with highly corrosive media are more efficient. Thus, the selection of inert materials 
for constructing the disposal barrier system is a proved way to keep the gas generation within 
acceptable limits. 

Figure 1. Natural and engineering barriers 

Decommissioning of nuclear facilities is a major source of radioactive waste contaminated by long 
lived nuclides above the limit for surface repositories. Such waste must be stored until appropriate 
geological disposal facility is available, which will last in most countries many decades. However, for 
reasonably high waste volumes the construction of a specialized, single purpose disposal facility might 
be the cost and time effective solution. Such an approach has been chosen, for example, by France to 
dispose of irradiated graphite reflectors from nuclear reactors [2] and 226Ra contaminated waste [3]. 
This repository shall at the depth of several tens of meters in a clay layer impenetrable to water. 

It is not only the nuclear facility that may generate long lived waste during decommissioning. At Ipoh, 
Malaysia, the chemical plant ARE was operated for several decades producing rare earth elements. As 
a by-product, tailings contaminated by 234Th and 234Th(OH)4 concentrate appeared [4]. The local 
government decided to close the plant and agreed with its owner to convert a temporary storage of Th 
waste into a disposal facility. This single purpose repository is being completed some 10 km from the 
chemical plant and could be used as an example how to solve effectively and safely the problem of 
NORM/TENORM decommissioning waste.  

Figure 2. Combination of barriers

3. Non-standard size waste 

For a number of reasons, such as reduction of doses to the staff involved in decommissioning 
activities, or technical complexity of the fragmentation operations, some technological equipment is 
disposed in one piece. Reactor vessels and liners, steam generators, control rods, and irradiation 
channels are typical examples of such waste items. It should be noted that this waste is often highly 
active: Trojan reactor vessel with weight of some 600 t had activity of nearly 1017 Bq when disposed 
of [5]. In general, the problems encountered when disposing large waste items are threefold: handling, 
transport, and disposal spaces. Handling is complicated by the necessity to have at both the 
decommissioned and the disposal facility, an appropriate crane (load, size of the item). The crane is 
often operated remotely or from a shielded cabin. Transport requires appropriate heavy duty truck and, 
also a road suitable for extreme loads. Curve radius, road bearing capacity, bridge loading limits are 
typical constraints [6]. Disposal spaces shall be dimensioned for accepting the item with necessary 
handling reserve. It has been proved that critical operations are better to be tested using a mock-up to 
find out all risks and technical hindrances. These may include fixing/unfixing crane hooks, ensuring 
adequate handling spaces and checking road parameters.  
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Gas generation might be a critical process for some disposal systems, if its rate tends to be too high. It 
may result in damaging barrier system and even operational safety may be compromised as most gases 
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contact of metals with highly corrosive media are more efficient. Thus, the selection of inert materials 
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4. Administrative drawbacks 
Older nuclear facilities may contain waste which was generated soon after commissioning and since 
that time kept at provisional stores adjacent to buildings and installations. Package certificates and 
records, if they ever existed, are not reliable and information might be incomplete. This has been 
observed in particular activity of alpha nuclides, which was difficult to measure with instrumentation 
of that time. Methods and apparatuses need to be developed for predisposal characterization of these 
wastes to prove compliance with waste acceptance criteria. 

A significant part of decommissioning waste may be released from regulatory control (using 
exemption and clearance criteria), as far as the respective methods and procedures are available. Some 
wastes could be recycled for restricted use, such as manufacturing radioactive waste packages, 
provided that adequate provisions, quality assurance and quality management procedures are in place. 
Thus, the availability of relevant regulations, applicable mostly for all waste kinds, may significantly 
facilitate the fate of low active decommissioning waste. Therefore, early in the planning stage, the 
review of national regulations is recommendable and its completion/updating should be considered 
whenever the regulatory tools were found insufficient.  

5. Economical aspects 
The management cost of non-radioactive waste amounts to a fraction of the low level waste 
management: this is the main driver for segregating radioactive and exempt/cleared wastes. These 
differences are illustrated in Table 1 [7]. 

Table 1: Typical end-to-end cost of waste management in selected countries (€m-3) 

Waste category Country

LLW Exempt Waste Cleared waste 

UK 2,969 159 138 

France 5,447 Not evaluated 4 

USA 1,906 847 635 

However, there are more areas where technical and economical optimisation may be beneficial. 
Disposal of long lived ILW (see Figure 3) in afore-mentioned single purpose disposal facilities will be 
significantly cheaper than storage and placement into a geological facility, not to speak about reduced 
radiation risks due to shortening of the storage period.  

Figure 3. Example of a near surface disposal facility 

Very low level waste does not generally need complex processing and a sophisticated repository 
barrier system. Thus, its disposal in simple lined trenches, either packed or in bulk form, provides 
adequate level of safety with significant savings of both investment and operational costs, in particular 
when dealing with large amounts of generated waste. Such approach has been selected for 
decommissioning waste in France [8], but similar single purpose facilities are operated or planned in 

other countries. A request to limit transport costs is addressed by constructing disposal facilities near 
the place where the waste is generated. Optimally, if geological conditions were appropriate, the 
disposal facility could be built within the decommissioned premises. For example, this solution was 
selected in north-west China, at the fuel fabrication facility, so called “ER site” [9]. The waste 
generated during decommissioning consisted mostly of soil and demolition debris mostly 
contaminated by depleted uranium.  

Figure 4 

6. Conclusions 
Even if decommissioning waste seems to be similar to routine waste generated during operation of 
nuclear facilities and radiochemical laboratories, some of its characteristics may complicate further 
processing and disposal. The paper describes several examples of radiochemical, chemical and 
physical parameters and administrative measures which shall be considered when planning 
management of decommissioning waste. Such features need to be assessed and properly addressed to 
assure that waste are conditioned, transported and disposed of in a safe, technically and economically 
optimal manner.  
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Abstract. The Nuclear industry in Russia is functioning successfully for more than 60 years. A large 
number of various research and commercial industrial facilities for effective application of nuclear energy and 
nuclear technologies were developed during this period. By present time operation at many of those facilities is 
terminated. Specific features of nuclear and radioactive materials require a special technology to be used for 
dismantling of such facilities. 

VNIPIET institute was involved in design and engineering work for many of nuclear industry projects. 

VNIPIET is also a leading engineering organization for decommissioning projects of various nuclear facilities 
and projects for rehabilitation of contaminated territories, decontamination of equipment etc. 

Special attention is being given to problems of SNF and RW management. 

VNIPIET Institute jointly with some research and design organizations has developed conceptual projects for 
decommissioning of uranium graphite reactors. The Concept is based on long-term controlled storage with 
gradual step by step dismantling of equipment, structures and buildings. Various special equipment was 
developed for decontamination of contaminated equipment and surfaces before dismantling in order to minimize 
quantity of radioactive wastes. 

Recently some new projects related to decommissioning of facilities and rehabilitation of territories at former 
naval technical bases for nuclear fleet were initiated (sites for temporary storage of SNF and RW). 

Primary task of those projects is to develop technology and special equipment for removal of SNF from 
temporary storages and its transportation for final reprocessing and disposal. Special instruments and equipment 
is being developed for fuel assembles reracking and filling to transport containers. 

The other task is to develop new radioactive waste long term storage and disposal facilities which meet all new 
strict national and international safety regulations and standards. 

Some new projects to be developed are connected with problems of decommissioning for commercial nuclear 
electricity generation units (NPP’s), such as Leningrad NPP, Bilibino NPP and some others. 

Existing VNIPIET’s engineering potential and practical experience can be used as a solid base for successful 
solution of all above mentioned decommissioning problems of nuclear reactors and fuel cycle facilities. 

1. Introduction  
The Russian nuclear industry has been functioning for over 60 years. A large number of research and 
industrial facilities have been created over that period for an effective use of nuclear power and 
nuclear technologies. By now, many of the operated facilities are shut down. The features of the 
facilities which had used nuclear materials and radioactive substances require the applying of specific 
actions and technologies in their decommissioning. 

Many of the nuclear power and industry facilities were designed by the lead institute “VNIPIET”. 

LI “VNIPIET” is the general designer for decommissioning of nuclear energy utilization facilities and 
is also involved in the development of many design and technological concepts for dismantling, 
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rehabilitation of contaminated territories, decontamination of equipment, etc. Of primary concern in 
these designs is proper management of the nuclear materials, spent fuel and radioactive waste. 

2. Power reactor plants 
Lead institute “VNIPIET” jointly with some research and engineering organizations has developed 
conceptual approaches for decommissioning of uranium-graphite reactors. The concept offers a long-
term controlled storage with phased dismantling. 

Recently complex engineering and radiation survey programs (CERS) for power reactor plants, local 
decommissioning concepts and programs have been developed in accordance with new safety 
regulatory requirements. Preliminary technical and economic studies, decommissioning safety analysis 
and quality assurance programmes for these activities are being conducted. 

Different decommissioning options were reviewed:  

� Immediate or delayed equipment dismantling; 

� Disposal or long-term storage of radwaste; 

� Partial dismantling of equipment at different decay periods. 

 For different decommissioning options a selection was made using economic and technical indicators 
such as: 

� Work duration, labor input, number of required personnel, dose rates, estimated dismantling 
cost, etc; 

�  Cost of R&D for different kinds of work, including development of robotics and remotely 
controlled equipment. 

A preliminary assessment of power reactor plant decommissioning cost was made for the different 
decay periods (5, 30, 50 and 100 years). 

In particular, it was possible to show that there is an optimal equipment decay period prior to 
dismantling which allows to minimize decommissioning costs. The studies allowed to calculate dose 
exposures in dismantling as a time-dependent function of equipment radioactivity. It was shown that 
dose exposures can be reduced by more than half every 5 years.  

The total decommissioning cost drops as decay is increased to 30 years due to the decrease of dose 
exposures. But for a decay period over 30 years the total decommissioning cost increases due to 
additional maintenance costs. 

Lead institute “VNIPIET” performed economic and technical studies for decommissioning of 
Leningrad NPP which has RBMK-1000 reactors. Two credible decommissioning options were 
reviewed:  the reactor unit abandonment option and the long-term unit safe storage option. 

Similar works were performed for decommissioning of BN reactor at the Beloyarsk NPP and BN-350 
reactor in Kazahstan. Also the research reactor at Norilsk, BOR-60 research reactor at Dimitrivgrad 
and others were evaluated. 

As a result of these studies, a vast information database was collected, including detailed reactor unit 
room contamination data. 

The detailed programme for radiation monitoring was developed; decommissioning labor 
requirements were calculated; procedures and means for dismantling of equipment and piping were 
proposed; detailed cost indicators were identified, etc. 

3. Rehabilitation of contaminated territories 
Various projects related to the radioactively contaminated territories at the nuclear sites were 
performed by VNIPIET. At present, complex design concepts for decommissioning of facilities and 
structures at the nuclear fleet service bases and for rehabilitation of the contaminated territories are 
being developed, especially for spent nuclear fuel (SNF) and solid radioactive waste temporary storage 
facilities.

Priority is given to removing nuclear submarine reactor spent fuel assemblies (cores) which are now in 
temporary storage facilities. Technology and equipment for recanistering of fuel assemblies and their 
loading into the shipping casks are being developed. Transportation systems for dispatching of spent 
fuel assemblies to the reprocessing plant are being evaluated.  

New design concepts for creating radioactive waste storage facilities to meet present-day radiation and 
environmental safety requirements are under development. 

4. Lessons learned 
The design and engineering works performed by VNIPIET reveal key problems to be solved at the 
nuclear facility decommissioning stage. 

The primary post-shutdown task is to remove SNF and to guarantee the nuclear criticality safety at the 
site.

The following problems are also urgent at the stage of preliminary design studies and elaboration of 
design and technological concepts: 

� Effective decontamination of equipment and building structures to reduce the quantity of 
radioactive wastes; 

� Creation of  radwaste treatment and conditioning centre;  

� Creation of a storage facility for radwaste generated during reactor plant operation and 
decommissioning. 

The novelty of the above-mentioned problems for the decommissioning of power reactor plants and 
other fuel cycle facilities as well as nuclear fleet facilities  requires to conduct various research and 
development works, first of all, related to; 

� The spent fuel management (removal, transportation, long-term storage); 

� Dismantling of contaminated equipment; 

� Conditioning, storage and ultimate disposal of radwaste containing long-lived radionuclides; 

� Rehabilitation of territories mostly containing low-level radwaste. 

 But the most important recommendation is that all measures, technologies and equipment needed for 
operations connected with the decommissioning of nuclear facilities should be included into the 
project documentation at the initial stage of the project development. Cost estimates for the 
decommissioning operations should be made. This task should not be left to the future generations. 

It is especially important at present, when new programmes of nuclear energy revival are being 
proposed.  
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Abstract. There are environmental liabilities that will be remedied in the Nuclear Research Institute 
Rez plc (NRI). Some old obsolete facilities will be decommissioned and a large quantity of radioactive wastes 
(RAW) resulting from operation and dismantling of nuclear facilities will be treated. The goal is to remedy the 
environmental liabilities and eliminate the potential negative impact on the environment. Remediation of the 
environmental liabilities started in 2003 and will be finished in 2010. The process of selection of technology for 
decommissioning is one of the most important aspects of decommissioning activities. The selection of methods 
has a strong impact on the whole decommissioning process, e.g. radiation protection, RAW management, cost of 
decommissioning. There are also other important parameters that must be considered – type and character of 
material, accessibility of technology, etc. The evaluation of the available technology has been made and areas for 
improving the technology have been identified. The NRI is being equipped with new technological equipment 
for dismantling and decontamination. The standard industrial technology with small modifications is being 
purchased and also special technologies are being developed with assistance of external subcontractors. The 
process of selection of suitable technology, its application, progress in remediation and lessons learned are 
described in the paper. 

1. Introduction 
The Nuclear Research Institute Rez (NRI) is a leading institution in all areas of nuclear research and 
development in the Czech Republic. The Institute's activity encompasses nuclear physics, chemistry, 
nuclear power, experiments at research reactors and many other topics. NRI operates two research 
nuclear reactors, many facilities using radioactive material such as a hot cell facility, research 
laboratories, technology for radioactive waste (RAW) management, radionuclide irradiators, etc. After 
50 years of activities in the nuclear field, there are environmental liabilities that need to be remedied in 
the NRI. The goal is to remedy the environmental liabilities and eliminate the potential negative 
impact on the environment. Remediation of the environmental liabilities started in 2003 and will be 
finished in 2010. 

The process of selection of technology for decommissioning is one of the most important aspects of 
decommissioning activities. This process has strong impact on the whole decommissioning process, 
including radiation protection and radioactive waste management. Preparation of an inventory of 
contaminated equipment was the first step in the selection of technology for decommissioning. The 
result was that there will be approximately 1500 m3 of RAW corresponding to approx. 600 tons. The 
RAW comprises of a research reactor vessel with a primary circuit, an evaporator, storage tanks, 
filters, piping, etc. Radiation protection is the most important factor for a selection of technology for 
decommissioning. The level of RAW contamination of is up to tens of MBq/cm2 and dose rates up to 
tens of mGy/h. There are also other important parameters – type of material, its thickness, accessibility 
of technology, etc. Then an evaluation is performed of possible uses of various technologies for 
fragmentation and decontamination with the aim to facilitate management of generated RAW and 
minimize releases into the environment. This technical evaluation was performed together with an 
economic evaluation. 

2. Description of selected items of environmental liabilities 

2.1. Decay tanks 
Building 211/5 (Decay tanks) had been in use since 1961. The building was designed for storage and 
decay of concentrated short-lived RAW, but also RAW containing long-lived radionuclides have been 
shipped there. The building is buried under ground on three sides (see Fig. 1). It contains two 
cylindrical tanks (length 9.5 m, diameter 3 m, weight approx. 10 metric tons), each with a capacity of 
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63 m3. The decay tanks are made from structural steel jacketed by stainless steel inside the vessel. 
They are placed in two separate concrete bunkers located partially below ground. Above the bunkers, 
a building is located with tank inlet pipes and ventilation equipment. 

The tanks contain not only liquid RAW, but tank B also contains solid RAW (see Fig. 2). The main 
identified radioisotopes are 60Co and 137Cs. However, the presence of 239Pu is also assumed. Solid 
RAW consist of tins with irradiated metallic samples and residues of spent fuel. The maximum dose 
rate is above the pile of solid RAW, approx. 2 Gy/h. The leakage from the tanks and direct irradiation 
from in-situ material were identified as the main risks to the environment and/or to employees. 

Figure 1. Decay tanks (section) Figure 2. RAW stored in the Decay tank B 

The remediation procedure will be as follows: 

1. The liquid RAW from the tanks will be removed. A facility equipped with equipment for removal 
of RAW and its processing will be constructed. The original concept proposed to build hot cells 
above the tanks and solid RAW would be removed by manipulators through the inlet pipes. With 
respect to disadvantages of the concept (necessity to build new hot cells and limited access to the 
tanks which necessitates development of special and expensive manipulators) a new solution has 
been proposed. The underground bunker will be used as a hot cell. A penetration through the 
concrete ceiling of the bunker will be made and a removable shielding will be installed. The 
control room of the hot cell will be placed in front of the bunker. A penetration through the wall 
of the bunker will be made and a shielding window and manipulators will be installed. Then the 
head of tank B will be cut off and a technology box will be installed. This box will be 
hermetically connected with the tank and will be equipped with equipment for RAW 
manipulation, characterization and fragmentation; 

2. Solid RAW will be removed and directly processed in the technology box. Then RAW packed in 
special cases will be loaded into disposal units and send for disposal; 

3. The tanks will be decontaminated by high pressure water jet and abrasive blasting. The tanks will 
be dismantled by special equipment. The RAW will be either released into the environment or 
disposed. The building will be decontaminated for unrestricted use. 

The construction of the technology facility is planned in 2006 – 2007, with the removal and processing 
of RAW in 2008. Decontamination and dismantling of the tanks will be carried out in 2009 and then 
the building will be decontaminated. Construction of the facility is being prepared now. 

2.2. Liquid radioactive waste storage tanks in the Building 211/3 
Three steel tanks of the same design as the decay tanks described above are located in underground 
bunkers (see Fig. 3). The tanks received liquid RAW. All three tanks are contaminated by fission and 
corrosion products, mainly 137Cs, 60Co and 90Sr.

Figure 3. Storage tank with volume of 63 m3.

According to the original project the remediation procedure would comprise of decontamination and 
dismantling of tanks. Then new tanks for storage of liquid RAW would be then installed. Now a new 
concept is being evaluated. The tanks will be decontaminated and after the investigation of its the 
state, a polyethylene lining will be installed inside the tanks. Then the resources for dismantling and 
RAW processing and installation of new tanks will be saved. Decommissioning of tanks started in 
2004 and will be finished in 2007. Decontamination of tanks is being performed now. 

2.3. Old RAW equipment in the Building 241, contaminated equipment in the building 
250

The old RAW equipment comprises of an evaporation unit, storage tanks and a set of mixed-bed 
filters. The equipment was in operation since 1962 and was shut down in 1992. The total amount of 
the equipment to be decommissioned corresponds approximately 50 metric tons. The equipment is 
contaminated with fission and corrosion products, mainly with 137Cs, 60Co and 90Sr.

The Building 250 “Radiochemistry” houses radiochemical laboratories, hot and semi-hot cell 
complexes, rabbit systems and an auxiliary equipment. Two laboratories called “Alpha halls” contain 
eight sets of wall boxes and a number of glove boxes that are significantly contaminated with alpha 
radionuclides. The total volume of boxes is approximately 80 m3. The possibility of contamination 
with alpha radionuclides was identified as the main risk to employees. 

The remediation procedure will comprise of dismantling the equipment after decontamination and 
processing of RAW. Decommissioning of equipment started in 2004 and will be finished in 2009.  

2.4. Special sewage system 
A special sewage system was used for transfer liquid RAW to a RAW processing facility. The system 
consisted of a stainless steel pipe network with a total length of 410 m situated in an underground 
concrete corridor. The system was contaminated by fission and corrosion products, mainly by 137Cs,
60Co and 90Sr.

The remediation procedure started with a removal of soil and opening of the corridor. The pipes and 
other steel components have been removed and sent for processing. The total amount of contaminated 
metal parts was approximately 20 metric tons. The contaminated surfaces of the concrete corridor 
were removed. The decommissioning started in 2004 and was finished in 2005. The old concrete 
corridor was used for installation of a new sewage system after corridor renovation. 

2.5. RAW stored in the reloading site (building 211/6) and on the Red Rock storage site 
There are also RAW from decommissioning of old technology carried out in the past, now stored in 
the reloading site (Building 211/6) and on the Red Rock storage site. The total volume of stored RAW 
is approximately 800 m3. An incomplete inventory is available; this gives only a very general 
description of the stored RAW. The RAW is contaminated mainly with 137Cs, 60Co and 90Sr. Leakage 
of liquid waste in boxes, wash-off of contamination from RAW by rainwater and direct irradiation 
from in-situ material were identified as the main risks to the environment and/or to employees. 
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RAW will be transported for processing (dismatling, decontamination and conditioning). The RAW 
will then be disposed or released into the environment. The processing of RAW will be performed in 
2007 – 2010. 

3. Selected technologies 
The evaluation of the available technology has been made and areas for improving the technology 
have been identified. The NRI are being equipped with new technological equipment for dismantling 
and decontamination. The standard industrial technologies with small modifications are being 
purchased and also special technologies (e.g. technologies for decontamination, measurement, hot 
cells, etc.) are being developed with assistance of external subcontractors. 

3.1. Dismatling and decontamination 
The list of methods used for dismatling and decontamination is provided in Table 1. Except of in-situ 
mechanical milling all the technology is commonly used in industry. 

Table 1. List of methods used for dismantling and decontamination 

Fragmentation Power hydraulic shears; Mechanical saw; Abrasive cutting wheel; Oxy 
acetylene cutting; Plasma arc cutting; In-situ mechanical milling (dismantling 
of tanks, remote controlled) – in testing; High pressure water jet cutting 
(considered)

Decontamination Vacuuming (vacuum cleaner with HEPA filter); High-pressure water jet; 
Chemical decontamination; Foam decontamination; Ultrasonic 
decontamination bath (1.3 m3 active volume, 17 kW of ultrasound power); Dry 
ice blasting; Grit blasting (in-situ, in box) – considered 

3.2. In-situ mechanical milling 
The device will be used mainly for dismatling of tanks, but it can be also used for planar object. There 
are mainly two types of tanks made from structural steel with thickness of 12 mm (bottom 14 mm) 
jacketed by stainless steel inside the vessel with a thickness of 2 mm with a volume of 10 m3 (weight 
4000 kg, length 3500 mm, diameter 2000 mm) or 63 m3 (weight 9700 kg, length 9500 mm, diameter 
3000 mm). The tanks are located within the bunkers and the space around is very limited (from 500 to 
1000 mm), mainly under tanks (from 300 to 600 mm). Sludge will be removed before dismantling and 
the tanks will undergo a preliminary decontaminated. One purpose remote controlled in-situ 
mechanical milling will be used for dismantling the tanks (see Fig. 4). The cutting rate of the device is 
a maximum of 250 mm, the kerf width is a maximum of 16 mm. The tanks will be dismantled in rings 
with a width of 400 mm and then segmented by hydraulic shears. The device will produce secondary 
RAW in a form of small chips, almost no airborne contamination will be produced. The device is now 
in the phase of testing. 

Figure 4. Device for mechanical milling. 

3.3. Dry ice blasting 
The Dry Ice Blasting cleaning process utilizes dry ice (solid CO2) which is formed into 3mm rice like 
pellets or blocks of dry ice which are ground into tiny particles the size of sugar crystals. These 
particles are then accelerated to supersonic speeds via a blasting unit and applied using a blasting gun 
to the surface to be cleaned. Upon impact, the dry ice immediately turns from its solid state into 
carbon dioxide vapour expanding up to 540 times its volume. The energy produced by the conversion 
is responsible for much of the cleaning process. The vapour disappears back into the atmosphere, 
leaving only the removed contaminant (see Fig. 5). Unlike conventional blast cleaning methods dry ice 
blast cleaning is non-abrasive to the impacted surface. The big advantage is the small production of 
secondary waste. The dry ice feed rate of the devices purchased is 0.2 – 2.7 kg/min, the supply air 
pressure range is 2.4 – 17.2 bars. Because of gaseous CO2 that is generating an efficient ventilation 
system must be used to remove the gas. 

The equipment was used for decontamination of inner surfaces of semi hot cells made from cast iron. 
The epoxy and cement coatings were completely removed. The equipment was also used for 
decontamination of building surfaces – removing of contaminated coatings. Very small amount of 
secondary RAW was generated and dispersion of contamination was limited. 

Figure 5. Decontamination by dry ice blasting 

3.4. Disposal of RAW 
Approximately a half of solid RAW resulting from remediation is expected to be for disposal. The 
standard system of solid RAW processing consists of dismantling and conditioning by cementation 
into 200l drums. Then the drums are sent for disposal. A new concept has been prepared for disposal 
of big fragments of contaminated equipment directly into the disposal cells of the repository.  
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3.4. Disposal of RAW 
Approximately a half of solid RAW resulting from remediation is expected to be for disposal. The 
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4. Conclusions 
The character of the environmental liabilities in the NRI is very specific and requires special 
remediation procedures. On the base of analyse, the optimal technology for decommissioning of old 
environmental liabilities has been proposed. The selection of methods has a strong impact on the 
whole decommissioning process, e.g. radiation protection, RAW management, cost of 
decommissioning. The standard industrial technologies with small modifications are being purchased 
and also special technologies are being developed with assistance of external subcontractors. The use 
of suitable technologies will be advantageous from the point of view of radiation protection and it will 
be also less time consuming and many resources will be saved. 

The NRI has gained many experiences in the field of RAW management and decommissioning of 
nuclear facilities and are using its facilities, experienced staff and all relevant data needed for the 
successful realization of the remediation. The remedial activities are being carried out on the high 
level of radiation protection and up to now there was no extraordinary event or accident. 

The experience gained during the remediation process will be used for future activities connected 
mainly with the decommissioning not only facilities operated by NRI Rez (research reactors, 
radiochemical laboratories, hot cell complexes, etc.), but also facilities operated by other companies 
(workplaces with ionising radiation sources, nuclear facilities, nuclear power plants). 
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Abstract: As a result of the operation of two research reactors (named RA and RB) in the “Vinca” Institute for 
the last forty years and application of radionuclides in medicine, industry and agriculture, radioactive waste (radwaste) 
material of different levels of specific activity were generated. As a temporary solution, radioactive waste is stored in 
two interim storage buildings. Radwaste materials, immobilized in the inactive matrices, are placed into the concrete 
containers for further management and disposal. The present paper reports the results on the preliminary removal of 
sludge from the bottom of the spent fuel storage pool in the RA reactor, mechanical filtration of the pool water and 
sludge conditioning and storage. 

1. Introduction
The RA research reactor (6.5 MW) was shut down in 1984 in order to reconstruct and improve all vital 
reactor systems. However, for a number of political, administrative, economical and technical reasons, this 
reconstruction has never been completed. The spent fuel storage pool (Fig. 1) at the RA research reactor 
located on the “Vinca” Institute site consists essentially of four, six meters deep, inter-connected rectangular 
basins. The fourth basin contains an annex, which turns it into an L-shape. Basin 1 is accessible from the 
reactor via a water-filled transport channel. It is estimated that the basins together contain about 200 tons of 
stagnant, tap water, which until 1995 had received no attention to its water chemistry since they were filled 
in 1960. A total of 304 stainless steel channel type containers, receiving up to 18 spent fuel elements each, 
were placed vertically in the pool. Now these containers contain about 1700 spent fuel elements with 2 % 
enriched uranium and about 900 spent fuel elements with 80 % enriched uranium. In order to increase 
storage capacity, the oldest spent fuel elements was gradually taken out of the original stainless steel 
containers, and repacked into aluminum barrels. Now 30 such aluminum barrels, containing about 5000 of 
2 % enriched uranium spent fuel elements, are locate at the bottom of basin 4 and the transport channel 
connecting the basins [1]. 

Figure 1. The spent fuel storage pool at the RA reactor 
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4. Conclusions 
The character of the environmental liabilities in the NRI is very specific and requires special 
remediation procedures. On the base of analyse, the optimal technology for decommissioning of old 
environmental liabilities has been proposed. The selection of methods has a strong impact on the 
whole decommissioning process, e.g. radiation protection, RAW management, cost of 
decommissioning. The standard industrial technologies with small modifications are being purchased 
and also special technologies are being developed with assistance of external subcontractors. The use 
of suitable technologies will be advantageous from the point of view of radiation protection and it will 
be also less time consuming and many resources will be saved. 

The NRI has gained many experiences in the field of RAW management and decommissioning of 
nuclear facilities and are using its facilities, experienced staff and all relevant data needed for the 
successful realization of the remediation. The remedial activities are being carried out on the high 
level of radiation protection and up to now there was no extraordinary event or accident. 

The experience gained during the remediation process will be used for future activities connected 
mainly with the decommissioning not only facilities operated by NRI Rez (research reactors, 
radiochemical laboratories, hot cell complexes, etc.), but also facilities operated by other companies 
(workplaces with ionising radiation sources, nuclear facilities, nuclear power plants). 
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Presently, water in the reactor RA spent fuel storage pool is in very bad condition. Water in the pool is dirty 
and its chemical parameters are not maintained to minimize corrosion process. Following the 
recommendations obtained from the International Atomic Energy Agency (IAEA) in 1995, the “Vinca” 
Institute elaborated a project incorporating the following steps: preliminary removal of sludge and other 
debris from the bottom of the spent fuel pool at the RA reactor, washing of deposits from all the surfaces in 
contact with the pool water, venting of the aluminum barrels, mechanical filtration of the pool water, final 
removal of the sludge and sludge conditioning and storage at the waste repository at the “Vinca” Institute 
site. 

The older one of two hangers used for temporary radioactive waste storage has been completely filled with 
radwaste materials that are packed in the metal drums and plastic barrels. The second – newer hangar has an 
effective space for radwaste materials storing only for a few more years. Attempts have been made at the 
“Vinca” Institute of Nuclear Sciences in developing an immobilization process for conditioning low and 
intermediate level radioactive waste materials and their safe disposal into the appropriate disposal system [2, 
3, 4, 5]. Cementation, as an immobilization process, for certain radwaste materials is investigated. The 
developed immobilization processes should have, as a final goal, production of a solidified radwaste matrix 
mixture form that is easy for handling and that satisfies safety and quality assurance requirements. The 
process should consider radionuclide inventory, decay heat, radiation dose rate and contamination, 
identification, configuration, weight and mechanical integrity [6, 7] for interim storage and the final disposal 
of such materials on the appropriate sites. Radwaste materials that were immobilized in the inactive matrixes 
are to be placed into the concrete containers, for the further management and disposal. 

2. Characteristics and quantities of radioactive sludge in the spent fuel element storage 
pool

In order to estimate storage conditions for the spent fuel elements in the storage pool and the characteristics 
and quantities of the sludge on the bottom of the pool, water and sludge samples have been taken from 
different locations in the pool. Analysis of the water from the pool (pH = 8.4, electrical conductivity = 446 µ
S/cm, [Cl] = 66 mg/L, �Cu� = 0.05 mg/L, �Zn� < 0.01 mg/L, �Fe� = 0.15 mg/L, �SO4 � = 55 mg/L) shows 
that the water is highly corrosive to aluminum alloys [1]. Activity concentration of the water from the pool 
of about 80 - 90 kBq/L of 137Cs nuclide, although not of grave concern, is certainly significant, and is 
incontestable proof that some amount of the fission products is leaking.  

3. Sludge conditioning and storage 
Total quantity of sludge on the bottom of the RA research reactor spent fuel storage pool was estimated to be 
about 3 m3. This estimation was made on the basis of the average sludge height on the bottom of the pool 
and pool surface. The sludge color has been a dark red - brown, like an iron oxide corrosion products. 
Gamma spectrometry analysis showed that the specific activity of the sludge is about 1.8 � 0.2 MBq/L of 
137Cs and about 15 kBq/L of 60Co [1]. 

Based on the previous experience [5, 6], a technology was developed for sludge immobilization and 
conditioning in a cement matrix, inside casks, produced using the standard 200 L metal barrels which have 
lids supplied with screws. Casks have been produced as concrete shielded containers in standard metal barrels. 
Thickness of the concrete walls is from 6 to 7 cm. Entire inner side of the cylindrical concrete wall is covered 
by plastic tube with wall thickness of 1 cm, which has been used as a model in forming cylindrical concrete 
wall. This plastic tube serves as a first barrier in preventing radionuclides leaching from radioactive sludge 
immobilized in a cement matrix. The bottom cask concrete wall is also 6 – 7 cm thick. In order to prevent or 
reduce radionuclide leaching, this wall has been covered with epoxy resin. The useful volume of such 
designed cask is about 75 L. 

The existing pilot cement mixer was reconstructed to enable placing a barrel containing the planned quantity 
of sludge on its platform without a risk of spilling. About 60 – 65 l of sludge are poured at a time from the 
sedimentation vessel into a previously prepared cask. As soon as a cask is filled, it is hermetically covered 
with a lid supplied with screw and transported to the laboratory for sludge conditioning. There, additional 

settling of sludge is allowed. Separated water is pumped into a plastic can and taken back to the RA reactor 
spent fuel storage pool. Through the second stage of the sludge settling, volume of the sludge in the cask has 
been reduced to about 40 l. Fig. 2. 

A new mechanical manipulator, which provides mixing of the cement matrix with the sludge in the entire 
volume of the barrel, was constructed. Rooms for conditioning the sludge in a cement matrix, supplied with 
an independent ventilation system, and for storing the casks during the period needed for cement hardening, 
have been arranged. Arrangement of the modified pilot mixer with concrete container made in a metal barrel, 
placed on the mixer platform with appropriate quantity of sludge is shown in Fig.3. 

Figure 2. Apparatus for sludge settling  

Figure 3. Modified pilot mixer with concrete container made in metal barrel 

When the cask with the settled sludge is placed on the platform of the mixer for further conditioning, the 
necessary amount of cement (PC-45 MPa), according to the established formula of cement matrix and the 
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cement-sludge ratio, is poured into the cask. The formula of cement matrix and the cement to sludge ratio, 
are defined in accordance with previous experience and experimental investigations on radwaste cementation 
[5, 6, 7] and experiments made with this sludge. The best sludge to cement mass ratio for appropriate 
mechanical strength was approximately 1:1.8. 

A mechanical manipulator would then mix this mixture until a homogeneous substance was obtained. 
Homogeneous substance could be obtained in less than one hour of mixing. This technology for sludge 
conditioning eliminates all contamination and radiation risks related to pouring the sludge into the concrete 
mixer and pouring the cement-sludge mixture into the metal barrel. The barrel with the homogenized 
mixture is removed from the mixer platform and placed in a separate room to allow the concrete to harden. It 
was experimentally determined that the time needed for concrete hardening is about 48 h. Due to the 
dynamics of the sludge removal from the spent fuel storage pool, and sludge settling, the final stage of 
radioactive waste conditioning has taken place 7 – 10 days after the sludge cementation. 

The final stage of radioactive sludge conditioning is the covering of radioactive sludge immobilized in a 
cement matrix with a pure concrete cork and, after the concrete cork hardens, the metal barrel is covered 
with a lid supplied with a screw.  

Taking into account the measured sludge activity concentration, two stage sedimentation process (the first 
one in the vessel for sedimentation and the second in the concrete cask – container) and the conditioning 
technology, it is estimated that each cask with conditioned sludge contains about 150 - 200 MBq of 137Cs and 
about 7 – 10 MBq of 60Co, i.e., specific volume activity of the conditioned radioactive waste in the 
radioactive waste packages is about 0.7 - 1 GBq/m3 of 137Cs and about 35 - 50 MBq/m3 of 60Co. Taking into 
account the composition of radioactive waste packages, the effect of self-absorption in homogeneously 
dispersed radioisotopes in the cement matrix, and concrete cask walls radiation absorption capability, the 
contact gamma-ray dose rates, measured on the casks surface, were in the range from 0.1 to 0.15 mSv/h, i.e. 
much less than 2 mSv/h, which is an acceptable limit value for the radioactive waste packages. 

According to the estimated total activity, specific volume activity and radionuclides composition, estimated 
heat generation rate in the cask volume is of the order of a mW/m3. Since the specific activity of long-lived �
emitters is practically negligible and thermal power is far beneath 2 kW/m3, the radioactive waste packages 
are classified as Low and Intermediate Level Waste - Short Lived. The total amount of the sludge taken out 
from the bottom of the RA reactor spent fuel storage pool, has been conditioned in 31 casks are disposed of 
at the existing radwaste repository at “Vinca” Institute site. 

4. Conclusion 
Cleaning the research reactor RA spent fuel storage pool appeared to be a more difficult, more time 
consuming and certainly more expensive operation than originally estimated. However, the results achieved 
so far, are a sound basis to conclude that the task shall be accomplished successfully. 

After the operations have been performed, necessary elements for planning further stages of pool and water 
cleaning and treatment of the spent fuel should be obtained. Through many years of research and 
development in radioactive waste immobilization and conditioning, the experience gave us the possibility to 
choose the best formulation for cement mixture; and the certainty to claim that the methods used will serve 
as a barrier to prevent radionuclide migration to the surroundings for at least 300 years. Further optimization 
of the processes and matrix-radwaste mixtures is in progress and we hope that this work will influence the 
design of the future Serbian storage center and the shallow land burial type for low and intermediate level 
radioactive wastes. 

All of the steps performed during this project have been done in accordance with all relevant requirements 
for radiation safety and radiation protection [6, 7]. 
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Abstract. The first operated NPP in Slovakia was NPP A-1 Jaslovské Bohunice. Its reactor was cooled 
by CO2, and moderated by heavy water, and natural uranium was used as fuel (HWGCR type). It was in 
operation since 1972 and was finally shutdown in 1977 after the second accident (level 4 according to the 
International Nuclear Event Scale). NPP A-1unit is in the preparation for decommissioning. 

The NPP A-1 decommissioning project started in 1998 and its first stage will end in 2007. The radiologically 
safe state of NPP A-1 is defined, in the plan as such state of the NPP A-1 at which it would be ensured that up to 
the time, when the NPP A-1 will be in a safe enclosure or in other stage of decommissioning, neither 
uncontrolled release of activity into environment would occur, nor other risks for environment or to NPP 
personnel could be reasonably expected from normal ageing of materials, equipment and barriers of the          
NPP A-1. 

Decommissioning was realised by Slovak electric P.l.c., now by GovCo, P.l.c., and VUJE, P.l.c., which has been 
chosen as a general supplier for the NPP A-1 decommissioning Project from 1999 to 2005. In the project these 
problems were solved: initial status characterization, determination of the task objectives, analysis and 
comparision of available methods for the task solution, choice of the method - justification, alternatives, research 
and development requirements, specification of requested equipment and other resources, radioactive waste 
(RAW) arisings - characteristics, RAW management, safety - doses, impact on environment, quantitative 
characteristics: time schedule, required personal, costs, doses etc. All spent fuel from NPP A-1 has been 
transported to Russia. Low and intermediate level radioactive waste has been partially treated and conditioned. 

Several innovative technologies were developed in the Project. Some of the most interesting ones are the 
following: 

1. Treatment of radioactive sludge stored in underground storage tanks at NPP A-1 by movable open air 
cementation facility (OACF) developed for fixation of radioactive liquid waste in 200 l drums. The 
developed OACF allows waste immobilization in different kinds of inorganic matrixes. It has employed 
in drum mixing and thus the final product is waste fixed in stable matrix stored in 200 l drums; 

2. Treatment of spent aerosol filters (HEPA) on workstation for treatment spent aerosol filters (WTSAF). 
WTSAF operates using the shredding technology for volume reduction and separation of cartridge filters 
parts to metallic and aluminium parts from HEPA filters. After separation process, antimicrobial 
inhibitors are added to organic cartridge filters and all system is compacted in 200 l drums. WTSAF is in 
test operation now. 

The decommissioning Project and innovative technologies used for treatment of radwaste from decommissioning 
have been fully described in poster presentation. 

1. NPP A-1 
The NPP A-1 was constructed on the site of Jaslovské Bohunice (approximately 60 km from the 
capital of Slovak Republic, Bratislava) as the first nuclear power plant in the Czechoslovak Republic. 
It was a pilot plant equipped with a KS 150 reactor with natural uranium as the fuel, heavy water 
moderated and carbon dioxide cooled (HWGCR type). The NPP A-1 was in operation from December 
1972 to February 1977. 

The main parts of the NPP A-1 were: reactor with primary circuit, auxiliary circuits and auxiliary 
equipment. The primary circuit consists of the reactor and six loops, each comprising a turbo-
compressor, steam generator and connecting piping with double section valves on both cold and hot 
legs.
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IAEA-CN-143/32 

Decommissioning of NPP A-1 and innovative technologies in the decommissioning 

P. Gerhart, V. Nižnanský 

GovCo, P.l.c., 
Jaslovské Bohunice, 
Slovak Republic 

Abstract. The first operated NPP in Slovakia was NPP A-1 Jaslovské Bohunice. Its reactor was cooled 
by CO2, and moderated by heavy water, and natural uranium was used as fuel (HWGCR type). It was in 
operation since 1972 and was finally shutdown in 1977 after the second accident (level 4 according to the 
International Nuclear Event Scale). NPP A-1unit is in the preparation for decommissioning. 

The NPP A-1 decommissioning project started in 1998 and its first stage will end in 2007. The radiologically 
safe state of NPP A-1 is defined, in the plan as such state of the NPP A-1 at which it would be ensured that up to 
the time, when the NPP A-1 will be in a safe enclosure or in other stage of decommissioning, neither 
uncontrolled release of activity into environment would occur, nor other risks for environment or to NPP 
personnel could be reasonably expected from normal ageing of materials, equipment and barriers of the          
NPP A-1. 

Decommissioning was realised by Slovak electric P.l.c., now by GovCo, P.l.c., and VUJE, P.l.c., which has been 
chosen as a general supplier for the NPP A-1 decommissioning Project from 1999 to 2005. In the project these 
problems were solved: initial status characterization, determination of the task objectives, analysis and 
comparision of available methods for the task solution, choice of the method - justification, alternatives, research 
and development requirements, specification of requested equipment and other resources, radioactive waste 
(RAW) arisings - characteristics, RAW management, safety - doses, impact on environment, quantitative 
characteristics: time schedule, required personal, costs, doses etc. All spent fuel from NPP A-1 has been 
transported to Russia. Low and intermediate level radioactive waste has been partially treated and conditioned. 

Several innovative technologies were developed in the Project. Some of the most interesting ones are the 
following: 

1. Treatment of radioactive sludge stored in underground storage tanks at NPP A-1 by movable open air 
cementation facility (OACF) developed for fixation of radioactive liquid waste in 200 l drums. The 
developed OACF allows waste immobilization in different kinds of inorganic matrixes. It has employed 
in drum mixing and thus the final product is waste fixed in stable matrix stored in 200 l drums; 

2. Treatment of spent aerosol filters (HEPA) on workstation for treatment spent aerosol filters (WTSAF). 
WTSAF operates using the shredding technology for volume reduction and separation of cartridge filters 
parts to metallic and aluminium parts from HEPA filters. After separation process, antimicrobial 
inhibitors are added to organic cartridge filters and all system is compacted in 200 l drums. WTSAF is in 
test operation now. 

The decommissioning Project and innovative technologies used for treatment of radwaste from decommissioning 
have been fully described in poster presentation. 

1. NPP A-1 
The NPP A-1 was constructed on the site of Jaslovské Bohunice (approximately 60 km from the 
capital of Slovak Republic, Bratislava) as the first nuclear power plant in the Czechoslovak Republic. 
It was a pilot plant equipped with a KS 150 reactor with natural uranium as the fuel, heavy water 
moderated and carbon dioxide cooled (HWGCR type). The NPP A-1 was in operation from December 
1972 to February 1977. 

The main parts of the NPP A-1 were: reactor with primary circuit, auxiliary circuits and auxiliary 
equipment. The primary circuit consists of the reactor and six loops, each comprising a turbo-
compressor, steam generator and connecting piping with double section valves on both cold and hot 
legs.
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Characteristic features of the NPP A-1 construction were the refuelling during operation and many 
auxiliary circuits and systems, closely connected to the primary circuit e.g.: combustion of an 
explosive mixture formed above heavy water level, heavy water circuit (storage, feeding, cooling, 
isotopic purification), carbon dioxide system (storage, feeding, purification), spent fuel storage etc. 

Operation of NPP A-1 was accompanied by some incidents. During normal refuelling operation an 
insufficiently conductible fuel assembly was mistakenly charged into the reactor core, which in turn 
caused local overheating rupture of a technological channel. This caused a leakage of heavy water into 
primary circuit with damage of fuel element cladding and serious contamination of the primary circuit 
(level 4 according to the International Nuclear Event Scale). Steam generators lack of tightness 
allowed the penetration of radioactivity into some parts of the secondary circuit. The internal parts of 
the reactor and fuel were damaged. 

For reasons of high repair costs repair as well as slim prospects of gas cooled reactors, NPP A-1 ended 
its operation in 1977. 

2. Decommissioning project 
The project documentation of NPP A-1 did not contain any information about its decommissioning. 
The contamination problems and lack of experience slowed down the decommissioning work. The 
process of decommissioning work was also made more difficult by choosing an unsuitable method of 
spent fuel storage. Spent fuel assemblies after removal from the reactor and cooling down in short 
term store were stored in canisters, filled with aqueous solution of inhibitors (chrompik, a 3-5% water 
solution of chromate and bi-chromate potassium; and later on dowtherm, what is an eutectic mixture 
of bi-phenyl and bi-phenyl oxide) canisters in turn were placed in a long term storage pond filled with 
water. Fuel corrosion in storage liquid media caused an increase in radioactive wastes, which requires 
the use of complex techniques and provision of special equipment and facilities for treatment. 

The process of decommissioning work was in the first stage influenced by several factors: 

� Experimental character of the NPP A-1; 

� Termination of operation as a consequence of an accident with serious fuel damage and internal 
contamination of equipment; and 

� Lack of necessary storage and disposal areas for radioactive wastes arising from the 
decommissioning of NPP A-1. 

Year by year, from 1980 up to the end of 1994, when the Project for a radiologically safe status was 
developed, activities were proposed and realised, based on priorities and available funding. 

All spent fuel from NPP A-1 has been transported to Russia. 

Fuel assemblies, movable in the canisters, were successively prepared for transport using a new 
technique and transported to the USSR. This technology had to be designed, constructed and tested. It 
enabled to dry out fuel assemblies, to place them in stainless steel transport canisters, afterward 
hermetically sealed and moved into the transport container using the storage and transport basket. This 
technology enabled the transport of 440 assemblies. 

The rest of the fuel assemblies (132) was seriously damaged and could not by moved into the canisters 
so that a modified technique had to be developed for preparation to the transport. Special equipment, 
called “equipment for fuel treatment” (EFT) was designed, manufactured and constructed. In this case, 
the original storage canister was to be cut above the head of the fuel assembly after chrompik draining 
and sealed in a stainless steel transport canister. 

The Project for bringing the NPP A-1 into a radiologically safe status (after issuing of the Atomic law 
the project was renamed as the Project for the NPP A-1 decommissioning – I. phase) was developed 
by Slovak electric P.l.c. 

The radiologically safe state of NPP A-1 is defined in the Project as such state of the NPP A-1, at 
which it would be ensured that up to the time, when the NPP A-1 will be in a safe enclosure, or in 
other stage of decommissioning, neither uncontrolled release of activity into environment would 

occur, nor other risks for environment or to personnel of NPP could be reasonably expected from 
normal ageing of materials, equipment and barriers of the NPP A-1. 

Planned activities and tasks will be carried out to the end of 2007. 

Activities within the Project are financed from Slovak electric P.l.c. budget and from the State fund for 
NPP decommissioning, spent fuel and radwaste management. 

Decommissioning was realised by Slovak electric, P.l.c., - Nuclear installation decommissioning, 
radwaste and spent fuel management, now by GovCo, P.l.c., and VUJE, P.l.c., which has been chosen 
as a general supplier for the NPP A-1 decommissioning Project from 1999 to 2005. 

These problems were solved in the project: initial status characterization, determination of the task 
objectives, analysis and comparison of available methods for the task solution, choice of the method - 
justification, alternatives, requirements on research and development, specification of requested 
equipment and other resources, RAW arisings - characteristics, RAW management, safety - doses, 
impact on environment, quantitative characteristics: time schedule, required personal, costs, doses etc. 

The scope of Project is to reach radiologically safe state of NPP A-1 by 2007. 

Some auxiliary buildings have already been decommissioned to the green field. Part of the main 
generation building is used for processing and storage of radioactive waste. Completion of 
decommissioning is scheduled by 2033. 

The tasks of Project were grouped into the following four groups: 

1. Environment; 

2. Main generation building; 

3. Special radwaste processing, treatment and storage; 

4. Technical support for decommissioning. 

Only some results achieved within the Project are presented in the following section. 

2.1. Environment 
The scope of this work includes: 

(a) Active piping channels (connecting buildings for the radwaste treatment) – decommissioning 
old channels, reconstruction, adapting and construction of new active piping channels for 
connecting of NPP A-1 buildings; 

(b) Preparation of active water purification plant, tanks for LRAW for decommissioning; – 
decontamination of rooms with high dose rates (rooms No. 5 and 7); characterisation of the 
tanks contents (sampling, radiochemical and physico-chemical analyses of water and sludge), 
homogenisation and retrieval of the contents in some of the tanks; by equipment developed; 
adaptation of equipment for sand and gravel removal, removal of sand and gravel from the tank 
2/1 (50 m3), tests for sand and gravel cementation in drums etc; 

(c) Remote controlled manipulators for decontamination, waste handling, removal of insulation; 
design and production manipulators; performing of non active tests and tools, development of 
SW for remote control; 

(d) Radioactively contaminated soil in the surrounding tanks; retrieving contaminated soils in the 
garden’s active water purification plant; the decontamination of underground tanks, 
contamination monitoring of soils around tanks; development of safety report about treatment of 
contaminated soils in the NPP A-1; 

(e) Decommissioning of solid and liquid RAW stores; retrieval of RAW from their storage places; 
pre-treatment if appropriate and transport to the treatment facilities. 
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Characteristic features of the NPP A-1 construction were the refuelling during operation and many 
auxiliary circuits and systems, closely connected to the primary circuit e.g.: combustion of an 
explosive mixture formed above heavy water level, heavy water circuit (storage, feeding, cooling, 
isotopic purification), carbon dioxide system (storage, feeding, purification), spent fuel storage etc. 

Operation of NPP A-1 was accompanied by some incidents. During normal refuelling operation an 
insufficiently conductible fuel assembly was mistakenly charged into the reactor core, which in turn 
caused local overheating rupture of a technological channel. This caused a leakage of heavy water into 
primary circuit with damage of fuel element cladding and serious contamination of the primary circuit 
(level 4 according to the International Nuclear Event Scale). Steam generators lack of tightness 
allowed the penetration of radioactivity into some parts of the secondary circuit. The internal parts of 
the reactor and fuel were damaged. 

For reasons of high repair costs repair as well as slim prospects of gas cooled reactors, NPP A-1 ended 
its operation in 1977. 

2. Decommissioning project 
The project documentation of NPP A-1 did not contain any information about its decommissioning. 
The contamination problems and lack of experience slowed down the decommissioning work. The 
process of decommissioning work was also made more difficult by choosing an unsuitable method of 
spent fuel storage. Spent fuel assemblies after removal from the reactor and cooling down in short 
term store were stored in canisters, filled with aqueous solution of inhibitors (chrompik, a 3-5% water 
solution of chromate and bi-chromate potassium; and later on dowtherm, what is an eutectic mixture 
of bi-phenyl and bi-phenyl oxide) canisters in turn were placed in a long term storage pond filled with 
water. Fuel corrosion in storage liquid media caused an increase in radioactive wastes, which requires 
the use of complex techniques and provision of special equipment and facilities for treatment. 

The process of decommissioning work was in the first stage influenced by several factors: 

� Experimental character of the NPP A-1; 

� Termination of operation as a consequence of an accident with serious fuel damage and internal 
contamination of equipment; and 

� Lack of necessary storage and disposal areas for radioactive wastes arising from the 
decommissioning of NPP A-1. 

Year by year, from 1980 up to the end of 1994, when the Project for a radiologically safe status was 
developed, activities were proposed and realised, based on priorities and available funding. 

All spent fuel from NPP A-1 has been transported to Russia. 

Fuel assemblies, movable in the canisters, were successively prepared for transport using a new 
technique and transported to the USSR. This technology had to be designed, constructed and tested. It 
enabled to dry out fuel assemblies, to place them in stainless steel transport canisters, afterward 
hermetically sealed and moved into the transport container using the storage and transport basket. This 
technology enabled the transport of 440 assemblies. 

The rest of the fuel assemblies (132) was seriously damaged and could not by moved into the canisters 
so that a modified technique had to be developed for preparation to the transport. Special equipment, 
called “equipment for fuel treatment” (EFT) was designed, manufactured and constructed. In this case, 
the original storage canister was to be cut above the head of the fuel assembly after chrompik draining 
and sealed in a stainless steel transport canister. 

The Project for bringing the NPP A-1 into a radiologically safe status (after issuing of the Atomic law 
the project was renamed as the Project for the NPP A-1 decommissioning – I. phase) was developed 
by Slovak electric P.l.c. 

The radiologically safe state of NPP A-1 is defined in the Project as such state of the NPP A-1, at 
which it would be ensured that up to the time, when the NPP A-1 will be in a safe enclosure, or in 
other stage of decommissioning, neither uncontrolled release of activity into environment would 

occur, nor other risks for environment or to personnel of NPP could be reasonably expected from 
normal ageing of materials, equipment and barriers of the NPP A-1. 

Planned activities and tasks will be carried out to the end of 2007. 

Activities within the Project are financed from Slovak electric P.l.c. budget and from the State fund for 
NPP decommissioning, spent fuel and radwaste management. 

Decommissioning was realised by Slovak electric, P.l.c., - Nuclear installation decommissioning, 
radwaste and spent fuel management, now by GovCo, P.l.c., and VUJE, P.l.c., which has been chosen 
as a general supplier for the NPP A-1 decommissioning Project from 1999 to 2005. 

These problems were solved in the project: initial status characterization, determination of the task 
objectives, analysis and comparison of available methods for the task solution, choice of the method - 
justification, alternatives, requirements on research and development, specification of requested 
equipment and other resources, RAW arisings - characteristics, RAW management, safety - doses, 
impact on environment, quantitative characteristics: time schedule, required personal, costs, doses etc. 

The scope of Project is to reach radiologically safe state of NPP A-1 by 2007. 

Some auxiliary buildings have already been decommissioned to the green field. Part of the main 
generation building is used for processing and storage of radioactive waste. Completion of 
decommissioning is scheduled by 2033. 

The tasks of Project were grouped into the following four groups: 

1. Environment; 

2. Main generation building; 

3. Special radwaste processing, treatment and storage; 

4. Technical support for decommissioning. 

Only some results achieved within the Project are presented in the following section. 

2.1. Environment 
The scope of this work includes: 

(a) Active piping channels (connecting buildings for the radwaste treatment) – decommissioning 
old channels, reconstruction, adapting and construction of new active piping channels for 
connecting of NPP A-1 buildings; 

(b) Preparation of active water purification plant, tanks for LRAW for decommissioning; – 
decontamination of rooms with high dose rates (rooms No. 5 and 7); characterisation of the 
tanks contents (sampling, radiochemical and physico-chemical analyses of water and sludge), 
homogenisation and retrieval of the contents in some of the tanks; by equipment developed; 
adaptation of equipment for sand and gravel removal, removal of sand and gravel from the tank 
2/1 (50 m3), tests for sand and gravel cementation in drums etc; 

(c) Remote controlled manipulators for decontamination, waste handling, removal of insulation; 
design and production manipulators; performing of non active tests and tools, development of 
SW for remote control; 

(d) Radioactively contaminated soil in the surrounding tanks; retrieving contaminated soils in the 
garden’s active water purification plant; the decontamination of underground tanks, 
contamination monitoring of soils around tanks; development of safety report about treatment of 
contaminated soils in the NPP A-1; 

(e) Decommissioning of solid and liquid RAW stores; retrieval of RAW from their storage places; 
pre-treatment if appropriate and transport to the treatment facilities. 
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2.2. Main generation building 
The scope of the work includes: 

(a) Decommissioning of spent fuel long term storage; development and realisation of the 
programme for pond characterisation and dose rate reduction, contamination; dose rate 
mapping, retrieval of dowtherm from canisters and transport for incineration, equipment 
developed for canister purpose; draining, decontamination and dismantling of the piping from 
the LTSP cooling system; decontamination of technological equipment, etc.; 

(b) Proposal for a hot chamber management; reconstruction and decontamination of hot chamber, 
supplement of new equipment to hot chamber and renewal of operating in the hot chamber, 
retrieval and treatment of liquid radwaste from re-pumping system; 

(c) Decontamination of rooms and equipment; decontamination of rooms and equipment 
contaminated by chrompik spilling, retrieval of chrompik from re-pumping system etc. 

2.3. Special radwaste processing, treatment and storage 
The scope of the waste includes: 

(a) Development of processes and equipment for treatment and conditioning of sludge; 
characterisation of sludge (from underground tanks, other tanks after decontamination etc.); 
development of waste immobilization in different kinds of inorganic matrices (cementation, 
phosphate, ceramics); development, construction and testing of movable open air cementation 
facilities for treatment of sludge with underground tanks; 

(b) Development of processes and equipment for treatment and conditioning of contaminated soils 
and concretes; characterisation of contaminated soils and concretes, development of land-fill for 
contaminated soils; decontamination technique for concretes; lysimeter experiments; 

(c) Development of processes and equipment for treatment and conditioning of spent ion 
exchangers; characterisation of spent ion exchangers; development, construction and testing of 
bituminization units for ion exchanger solidification; 

(d) Development of processes and equipment for treatment and conditioning of ash; 
characterisation of ash from radwaste incineration, development of solidification of ash with 
parafine; 

(e) Treatment of solid and metallic radwaste; development, construction and testing workstation for 
treatment of spent aerosol filters and place of work for treatment of used cable, etc.; 

(f) Preparation of interim radwaste storage for building; 

(g) Development of processes and equipment for treatment and conditioning of sludge from the 
pond and canisters LTSP; sampling and analysis of water, sludge (activity in the sludge about 
1014Bq, volume 20 m3, activity and chemical composition of the sludge inhomogeneous); 
immobilisation of sludge in the lowest LTSP canister and pond. 

2.4. Technical support for decommissioning 
The scope of the work includes: 

(a) Development of a code for PM data calculation (Omega) for decommissioning of nuclear 
installations and for nuclear fuel back-end; calculation of PM data for the NPP A-1; 

(b) Development of the NPP A-1 inventory and decommissioning database; collection and storing 
of data; laser scanning of the rooms; 3-D modelling; 

(c) Design and manufacturing of decontamination equipment and tools, computer simulation of 
important activities; 

(d) Radiation safety optimisation; procedures for application of ALARA for optimisation of 
decommissioning and radwaste management operations including software such as VISIPLAN, 
Microshield etc.; Characterisation of materials and calculation of radionuclide vectors for 

material to be released to environment (stainless steel, metal, concrete etc.); assessment of hard-
to-detect radionuclide contamination levels in decommissioning waste; evaluation of the results 
of independent environmental radiation monitoring in the vicinity of decommissioned NPP A-1; 

(e) Cover model of national radioactive waste repository at Mochovce site; model for study of final 
cover for disposal facility, following degradation of concrete fiber containers; 

(f) Safety assessment of disposal facility; implementation of computer codes for performance; 

(g) assessment, probabilistic safety analyses; long-term safety analysis of the LLW/ILW national 
repository in Mochovce (near-surface facility); impact of NPP A-1 decommissioning waste 
disposal on repository, safety assessment and acceptance criteria for LLW/ILW national 
repository. 

3. Innovation technologies 
Several innovation technologies were developed in the Project. Some of the most interesting are the 
following:

3.1. Open air cementation facility (OACF)
Radioactive sludge is stored in large underground storage tanks at NPP A-1 and other NPP’s operating 
in the Slovak Republic. 

The underground tanks were built in the 1960s. Two of them are built of concrete panels with 
monolith arched ceiling. Waterproof plaster and Polyester Coating (PESL) finished the inner surface. 
The outside surface of the tanks is insulated by asphaltboard. Diameters of the tanks is 16 m and their 
height is 6.4 m. The dimensions of entrance chambers are 1600 x 1600 mm. 

The sludge has been produced during operation of NPP A-1 or was produced after an accident as 
a result of high active water treatment by means of potash ferrocyanide and copper sulphate. 

There is a dominant amount of iron and calcite, which are probably in the form of oxo hydroxides. The 
solid phase consists of cation composition: Mg, Mn, Cr, Al and Si. The amount of dry phase is about 
10�wt. The aqueous phase contains the sulphates, chlorides, phosphoresces, alkali nitrate and 
hydrogen carbons. The results of distribution of particles show that the predominate part of particles is 
from 1 to 10 �m. Their density ranges from 2.0 to 2.9 g/cm3.

The sludge contains a significant amount of alpha nuclides. The activity of 238Pu, 239,240Pu, 241Am in 
dry residue reaches 105 to 106 Bq/kg. The activity of 137Cs ranges from 1.109 to 6.109 Bq/kg and the 
activity of 60Co ranges from 3.106 to 2.108 Bq/kg in dry residue of sludge. 

Generally sludge is non homogenous, with very adhesive properties and large specific activity. 

The developed of OACF allows waste immobilization in different kinds of inorganic matrices (except 
cementation, phosphate ceramics and geopolymers). It has been employed in drum mixing and thus 
the final product is waste fixed in stable matrix stored in 200 l drums. 

OACF employs these main operation steps: 

� Pumping of sludge from underground storage tanks into the operation tank, sampling and 
analyzing; 

� Sedimentation of sludge, separation of sludge and aqueous phase and estimation of appropriate 
composition of fixation matrix for sludge phase; 

� Dosing of sludge and other components of fixation matrix according to the prescribed 
formulation, mixing of component of matrix in drum; 

� Vibration/compaction of drum content, taking samples of final matrix product; 

� Matrix curing, drums lidding, measurement of dose rate on produced drums and their 
expedition; 

� Overall dose rate and concentration of aerosols in operation area; 
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2.2. Main generation building 
The scope of the work includes: 

(a) Decommissioning of spent fuel long term storage; development and realisation of the 
programme for pond characterisation and dose rate reduction, contamination; dose rate 
mapping, retrieval of dowtherm from canisters and transport for incineration, equipment 
developed for canister purpose; draining, decontamination and dismantling of the piping from 
the LTSP cooling system; decontamination of technological equipment, etc.; 

(b) Proposal for a hot chamber management; reconstruction and decontamination of hot chamber, 
supplement of new equipment to hot chamber and renewal of operating in the hot chamber, 
retrieval and treatment of liquid radwaste from re-pumping system; 

(c) Decontamination of rooms and equipment; decontamination of rooms and equipment 
contaminated by chrompik spilling, retrieval of chrompik from re-pumping system etc. 

2.3. Special radwaste processing, treatment and storage 
The scope of the waste includes: 

(a) Development of processes and equipment for treatment and conditioning of sludge; 
characterisation of sludge (from underground tanks, other tanks after decontamination etc.); 
development of waste immobilization in different kinds of inorganic matrices (cementation, 
phosphate, ceramics); development, construction and testing of movable open air cementation 
facilities for treatment of sludge with underground tanks; 

(b) Development of processes and equipment for treatment and conditioning of contaminated soils 
and concretes; characterisation of contaminated soils and concretes, development of land-fill for 
contaminated soils; decontamination technique for concretes; lysimeter experiments; 

(c) Development of processes and equipment for treatment and conditioning of spent ion 
exchangers; characterisation of spent ion exchangers; development, construction and testing of 
bituminization units for ion exchanger solidification; 

(d) Development of processes and equipment for treatment and conditioning of ash; 
characterisation of ash from radwaste incineration, development of solidification of ash with 
parafine; 

(e) Treatment of solid and metallic radwaste; development, construction and testing workstation for 
treatment of spent aerosol filters and place of work for treatment of used cable, etc.; 

(f) Preparation of interim radwaste storage for building; 

(g) Development of processes and equipment for treatment and conditioning of sludge from the 
pond and canisters LTSP; sampling and analysis of water, sludge (activity in the sludge about 
1014Bq, volume 20 m3, activity and chemical composition of the sludge inhomogeneous); 
immobilisation of sludge in the lowest LTSP canister and pond. 

2.4. Technical support for decommissioning 
The scope of the work includes: 

(a) Development of a code for PM data calculation (Omega) for decommissioning of nuclear 
installations and for nuclear fuel back-end; calculation of PM data for the NPP A-1; 

(b) Development of the NPP A-1 inventory and decommissioning database; collection and storing 
of data; laser scanning of the rooms; 3-D modelling; 

(c) Design and manufacturing of decontamination equipment and tools, computer simulation of 
important activities; 

(d) Radiation safety optimisation; procedures for application of ALARA for optimisation of 
decommissioning and radwaste management operations including software such as VISIPLAN, 
Microshield etc.; Characterisation of materials and calculation of radionuclide vectors for 

material to be released to environment (stainless steel, metal, concrete etc.); assessment of hard-
to-detect radionuclide contamination levels in decommissioning waste; evaluation of the results 
of independent environmental radiation monitoring in the vicinity of decommissioned NPP A-1; 

(e) Cover model of national radioactive waste repository at Mochovce site; model for study of final 
cover for disposal facility, following degradation of concrete fiber containers; 

(f) Safety assessment of disposal facility; implementation of computer codes for performance; 

(g) assessment, probabilistic safety analyses; long-term safety analysis of the LLW/ILW national 
repository in Mochovce (near-surface facility); impact of NPP A-1 decommissioning waste 
disposal on repository, safety assessment and acceptance criteria for LLW/ILW national 
repository. 

3. Innovation technologies 
Several innovation technologies were developed in the Project. Some of the most interesting are the 
following:

3.1. Open air cementation facility (OACF)
Radioactive sludge is stored in large underground storage tanks at NPP A-1 and other NPP’s operating 
in the Slovak Republic. 

The underground tanks were built in the 1960s. Two of them are built of concrete panels with 
monolith arched ceiling. Waterproof plaster and Polyester Coating (PESL) finished the inner surface. 
The outside surface of the tanks is insulated by asphaltboard. Diameters of the tanks is 16 m and their 
height is 6.4 m. The dimensions of entrance chambers are 1600 x 1600 mm. 

The sludge has been produced during operation of NPP A-1 or was produced after an accident as 
a result of high active water treatment by means of potash ferrocyanide and copper sulphate. 

There is a dominant amount of iron and calcite, which are probably in the form of oxo hydroxides. The 
solid phase consists of cation composition: Mg, Mn, Cr, Al and Si. The amount of dry phase is about 
10�wt. The aqueous phase contains the sulphates, chlorides, phosphoresces, alkali nitrate and 
hydrogen carbons. The results of distribution of particles show that the predominate part of particles is 
from 1 to 10 �m. Their density ranges from 2.0 to 2.9 g/cm3.

The sludge contains a significant amount of alpha nuclides. The activity of 238Pu, 239,240Pu, 241Am in 
dry residue reaches 105 to 106 Bq/kg. The activity of 137Cs ranges from 1.109 to 6.109 Bq/kg and the 
activity of 60Co ranges from 3.106 to 2.108 Bq/kg in dry residue of sludge. 

Generally sludge is non homogenous, with very adhesive properties and large specific activity. 

The developed of OACF allows waste immobilization in different kinds of inorganic matrices (except 
cementation, phosphate ceramics and geopolymers). It has been employed in drum mixing and thus 
the final product is waste fixed in stable matrix stored in 200 l drums. 

OACF employs these main operation steps: 

� Pumping of sludge from underground storage tanks into the operation tank, sampling and 
analyzing; 

� Sedimentation of sludge, separation of sludge and aqueous phase and estimation of appropriate 
composition of fixation matrix for sludge phase; 

� Dosing of sludge and other components of fixation matrix according to the prescribed 
formulation, mixing of component of matrix in drum; 

� Vibration/compaction of drum content, taking samples of final matrix product; 

� Matrix curing, drums lidding, measurement of dose rate on produced drums and their 
expedition; 

� Overall dose rate and concentration of aerosols in operation area; 
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� Decontamination of apparatuses, which were in contact with active media. 

OACF was developed as a movable facility, which can be easily transported and built up near any tank 
with stored and treated sludge. Main technological apparatuses are mounted in four ISO containers, 
which are provided with autonomous ventilation and filtration system. The whole process is remote 
controlled from the control desk placed in a separate container. This configuration allows treating of 
sludge with relatively high activity. OACF is designed so that the maximum final dose rate on surface 
of drums with immobilized sludge can reach up to 30 mGy/hour. 

3.2. Workstation for treatment spent aerosol filters (WTSAF) 
During the operation and decommissioning of NPP A-1 and operation of other NPPs operating in the 
Slovak Republic about 3,500 HEPA filters have been produced. Several kinds of HEPA filters were 
used. 

Spent aerosol filters contain various materials: filter cartridge (paper, polyethylene, aluminium 
separator, cloth filter, aluminium louver-boards, wire netting etc.), frame material (tin-plate, wood, 
etc.).  Weight of filters ranges from 8 to 35 kg and their dose rate is up to 4.5 mGy/h. Most spent 
filters have dose rates from 0.005 to 0.1 mGy/h. Spent aerosol filters are stored in warehouses. Their 
large number represents a problem with storage capacities. 

WTSAF operates using the shredding technology for volume reduction and separation of cartridge 
filters parts to metallic and aluminium parts from HEPA filters. After separation process, antimicrobial 
inhibitors are added to organic cartridge filters and all system is compacted in 200 l drums. The whole 
WTSAF is working as closed system. WTSAF is in test operation now. 

WTSAF employs these main operation steps: 

� Transport of spent filters in shielded container from warehouse to place of processing, 
shredding and separation; 

� Shredding of filters to fragments sized 40 x 40 mm by shredding rolls; 

� Magnetic separation of metallic parts from pulp; 

� Repeated shredding of pulp to fragments sized 20 x 20 mm by shredding rolls; 

� Electrodynamic separation of aluminium parts from pulp; 

� Treatment of combustible pulp with dose rate < 0.1 mGy/h by incineration; 

� Treatment of non-combustible and combustible pulp with dose rate > 0.1 mGy/h by compacting 
with antimicrobial inhibitors; 

� Measurements of overall dose rate and concentration of aerosols in operation area. 

4. Conclusion 

Decommissioning of NPP A-1 is a complex process and therefore accurate planning and optimisation 
is necessary. 

Decommissioning of NPP A-1 after the end of first phase to reach radiologically safe state of NPP A-1 
in 2007 will continue in about four phases. Second phase of decommissioning NPP A-1 2008 – 2012 
is being prepared this year. The whole process of decommissioning NPP A-1 will end by 2033. 

Decommissioning of NPP A-1 entails study and experience for decommissioning of others NPP in 
Slovak republic. In the process of decommissioning NPP A-1 a full of system contractors and 
subcontractors was established, which will be ready to start decommissioning NPP V-1 in 2012. 
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Abstract. After nearly 19 years of operation, the Karlsruhe multi-purpose research reactor (MZFR) was 
finally shut down in May 1984. The objectives defined for the plant that is located on the premises of the 
Forschungszentrum Karlsruhe had been reached, the tasks assigned to the MZFR had been fulfilled. 

At the moment, the pressurized water reactor that was cooled and moderated with heavy water and reached a 
gross power output of 57 MWel is being dismantled. Meanwhile, dismantling work has reached an advanced 
stage and focuses on the reactor pressure vessel and its internals. The dismantling project is aimed at restoring 
the original state, the “green field”. 

The present report describes the experience gained in the remote dismantling of the MZFR reactor pressure 
vessel.

Dismantling is aggravated by the limited space in the prototype reactor facility. For this reason, the RPV is 
dismantled in its installation position, where it is accessible from above only. Consequently, both the dismantling 
and the handling equipment face considerable challenges. Depending on the geometry, activation, and material 
of the RPV components, mechanical as well as thermal dismantling techniques are applied. These techniques had 
to be modified or even newly developed and qualified for remote operation. 

1. Introduction 
The Karlsruhe Multi-Purpose Research Reactor (MZFR) was a heavy water pressurized reactor. It 
went critical for the first time in September 1965 and was shut down in May 1984. The reactor had a 
thermal capacity of 200 MW and an electrical output of 57 MW. 

The decommissioning concept for the complete elimination of the plant down to a green-field site 
comprises 8 steps. For each step a separate decommissioning license is required. At present step 7 is 
being performed. 

During step 7 the reactor pressure vessel with its components is being dismantled mostly in remote 
control mode, with some manual tasks. 

The planning implementation of the 7th dismantling step has been assigned to the consortium KDMS 
together with RWE Nukem as lead manager, Dillinger Stahlbau GmbH and Framatome ANP GmbH. 
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2. Steps of decommissioning 
First step: 

The removal of the rod-shaped components (Cooling channels, absorber rods, leading rods) has been 
finished. Five cooling channels could not be removed and therefore they have been cut above the 
moderator tank. 

Second step: 

Divided into the two phases of dry dismantling part 1 and part 2, it comprised the disassembling of the 
RPV bolt and the dismantling of the RPV closure head, the upper spacer and its weight ring. The 
second step has also been finished. 

Third step: 

It included the wet dismantling of the moderator tank and thermal shield by plasma cutting and 
associated devices in up to 8 m water depth. 

3. Dismantling of the moderator tank and the five remaining cooling channels 
Thermal and mechanical dismantling procedures were applied to dismantling the moderator tank and 
the five absorber rods, which could not be taken out during the dismantling of the rod-shaped 
components. 

Dismantling tools were constructed for all known cutting tasks and tested at the test facilities. 

Figure 1. Separation rods in park position 

At the dismantling of the upper curved part of the moderator tank (MTUCP) at first four of the five 
left separation rods incl. socket were detached with the plasma torch according to the chosen 
dismantling order and the adapted dismantling tools and parked on an adequate spot under water. 

The dismantling of the separation tubes was completely effected under water. 

For this task each separation tube was gripped with an hydraulic gripper. The hydraulic gripper itself 
was dropped by a chain hoist at the dismantling crane into the moderator tank and positioned beneath 
the separation rods. 

The forcipes of the hydraulic gripper were exactly adjusted to the overflow footbridge of the 
separation rods and stretched hydraulically from the control room. 

Figure 2. Fragmentation of cooling channel with hydraulic shear at the master slave manipulator 

The gripped separation rod was placed on a transport device on the lower part of the moderator tank. 

The separation of the separation rod was been carried out with a hydraulic shear, which was controlled 
by a hydraulic, underwater master slave manipulator. The operation and the control of all applied 
devices were managed from the control room outside the containment. 

The transport basket, once filled with separation tube parts, was transported via basket gripper out of 
the RPV and placed in to a contamination safety barrel, dried in an electrical stoked drying treatment 
facility and afterwards loaded into a repository cask. 

Figure 3. Dismantling of the moderator tank 

The dismantling of the moderator tank with deflectors with a material thickness up to 50 mm (later 
thermal shield with a material thickness up to 130 mm) was effected by plasma cutting, due to the high 
activity under water. 
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The dismantling of the absorber rods was effected under water with hydraulic cutting shear, controlled 
by a hydraulic master-slave manipulator. 

The plasma cutting unit is an advanced plasma cutting torch from the company Kjellberg. 

The above mentioned plasma cutting torch was especially developed for under water application with 
swirl gas technology for the automated CNC-controlled cutting of super alloyed stainless steel. 

The gas mixtures for plasma cutting under water are divided according to material thickness into two 
groups: 

� For cuts up to 35 mm: 

Air - as plasma gas; 

Air - as swirl gas. 

� For cuts from 35 mm to 130 mm: 

Ar/H2- Mixture  as plasma gas; 

Air - as swirl gas. 

Figure 4. Plasma torch with teach head 

The die carrier was developed as toll support for the plasma torch especially for under water 
dismantling. A five-axis die carrier with an electrical servo drive ensures exact positioning of the 
plasma torch in front of the work piece. With a CNC-control (BOSCH OSA) the axes of the die carrier 
are being moved with maximum accuracy (± 1 mm to the surface of the work piece). 

In order to describe the cutting track depending on the complexity of the geometry of the component, 
to be dismantled, teach points are programmed on the surface of the material. The end-effector of the 
die carrier is equipped with the plasma torch and the pneumatically controlled teach head with an 
electric sensing device. 

The teach head and the plasma torch are positioned coaxially together. For teaching the cutting track, 
the teach head is being pivoted coaxially in front of the plasma torch, so that the teach head with its 
sensing device is positioned in extension to the plasma torch head. 

On this occasion, every socket with a special developed control system, the die carrier was driven to 
position on the surface of the upper curved part of the moderator tank, until the sensing device is in 
vertical position to the surface and an electrical signal pending. This position is being saved. Manual 
start and saving of several points starting from the first teach point until the last point characterize the 
cutting track, which has to be calculated. 

After the visual check of the cutting track, the die carrier is driven back to the starting point, the teach 
head is back folded by 90°, so that the plasma torch can be driven into torch position. After the plasma 
arc is launched the material can be cut according to the programmed cutting track.  

After finishing the successful cut the socket will be gripped by a special hydraulic internal gripper and 
loaded in to a prepared transport basket. 

The deflectors of the upper part moderator tank were removed in accordance to the before described 
dismantling strategy. 

4. Experience from the cutting activities 

4.1. Limits of application 
The application of the above mentioned plasma cutting method reaches its limits at material thickness 
around 130 mm. At a water depth > 4,0 m the cutting through of materials thicker than 100 mm is only 
possible if there is no other material behind the work piece.  In our case the wall of the reactor 
pressure tank has a distance from the thermal shield of 25 mm. With walls thicker than 100 mm you 
have the problem that the cinder backflow from the kerf will destroy the torch. Under these 
circumstances a safe cut up to approximately 100 mm material thickness is possible. 

4.2. Duration of the cutting operation 
In order to evaluate the duration of the cutting process a complete overview of the dismantling and 
packaging process is necessary. In fact, despite highly integrated techniques the removal of a cut part 
takes between 45 min and 4 hours. Due to conditions such as, space, interfering edges and bad 
visibility, the time needed for the cut and removal of parts is variable, whereas the mere cutting 
process with a rate of feed between 90 up to 600 mm/min takes the least timeshare. 

4.3. Endurance of the torch 
On homogeneous surfaces, for example the cylindrical part of the moderator tank, a cutting length of 
40 m with one wear and tear element batch is by all means possible. 

On complex surfaces, for example the upper part of the moderator tank, the limit of the wear and tear 
elements is under unfavourable conditions already reached after a few centimetres of cutting length. 

In consideration of the frequent change of the wear and tear elements under typical conditions, the use 
of a special torch-exchange head turned out to be essential. 

This special torch-exchange head was developed in order to optimise the change of wear and tear 
elements and therefore to minimize the dose to the dismantling team. Automatic change devices for 
the modular torch heads did not minimize the dose.  

4.4. Removal of the thermal shield 
The dismantling of the thermal shield with a material thickness up to 130 mm has been effected with 
the aforementioned plasma cutting unit, due high activity under water. 

The plasma cutting unit was employedto remove the whole Thermal Shield. Because of the small gap 
between RPV and Thermal Shield (14 mm) it was impossible to remove all Thermal Shield rings with 
the plasma cutting unit. The 1st to the 4th rings within a material thickness of 70 mm were removed on 
time. 
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The 5th ring (from 70 mm up to 130 mm) could not be removed by plasma cutting because of the slag 
produced which would weld thermal shield parts with the RPV. A test was made by a trial cut with 
plasma-cutting-system. 

Figure 5. Thermal shield 1st ring with cutting edge 
To solve this problem our choice was the CAMC (Contact Arc Metal Cutting) System.  

The CAMC system is based on the well known high current cutting process. It had to be qualified in a 
very short time for this task. 

Like the Plasma-Cutting system the CAMC system was especially developed for under water 
dismantling. The cutting head was adapted to the already existing five-axis die carrier. The same 
CNC-controlling unit was used to move the axes of the die carrier with maximum accuracy. 

Figure 6. CAMC cutting unit with teach-head 

The Removal and Dismantling of Lower Filler Piece and the Pressure Vessel will be the next step.  

Extensive testing activities precede the above mentioned dismantling steps; this is a fundamental 
precondition for the successful execution of complex dismantling operations. 

5. Summary 
With its decision to completely dismantle the MZFR, Forschungszentrum Karlsruhe took aboard a task 
that was completely unknown at that time. From the very beginning, maintenance of competence of 
own and external personnel has been of particular relevance to the execution of this dismantling 
project. 

Establishment of a permanent team of regional expert planners has proved invaluable during MZFR 
dismantling. Effective construction, dismantling, and operation management in cooperation with these 
expert planners allows for successful execution of the tasks. 

The dismantling techniques applied are based on industry-tested methods of increased availability and 
optimized spare part management. These methods are complemented by special solutions for the 
dismantling of highly activated reactor internals and components. Both the plasma cutting facility and 
the CAMC technology are unique in terms of performance. 

Delays have been minimized by risk studies and intensive testing. 

Close cooperation with experts and the authorities have had a very positive effect on the execution of 
the project. 
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Establishment of a permanent team of regional expert planners has proved invaluable during MZFR 
dismantling. Effective construction, dismantling, and operation management in cooperation with these 
expert planners allows for successful execution of the tasks. 

The dismantling techniques applied are based on industry-tested methods of increased availability and 
optimized spare part management. These methods are complemented by special solutions for the 
dismantling of highly activated reactor internals and components. Both the plasma cutting facility and 
the CAMC technology are unique in terms of performance. 

Delays have been minimized by risk studies and intensive testing. 

Close cooperation with experts and the authorities have had a very positive effect on the execution of 
the project. 
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 Abstract. Building 18, a former radiochemistry laboratory dedicated to spent fuel reprocessing studies 
and the production of transuranic radionuclides, is now reaching the end of its decontamination phase and will be 
dismantled immediately thereafter. The PETRUS shielded line for plutonium chemistry contains alpha hot cells, 
process vessels and very high-level storage tanks located behind the hot cells with removable lead biological 
shielding.

The issue in dismantling the PETRUS shielded line is its radiological condition: contact dismantling is impossible. 
The hot cells contain tanks that could not be decontaminated, and for which the radiological measurements are not 
representative due to poor accessibility. The contamination and irradiation measurements are subject to uncertainty. 

This paper describes the use of a teleoperated arm for cutting, handling and waste removal. The results of experience 
with remote dismantling operations are also discussed. The studies led to the development of the MAESTRO system 
concept: a heavy-duty, force-feedback master/slave system, easy to decontaminate and maintain, hardened and 
suitable for decontamination and dismantling projects in nuclear facilities. 

The main risk is related to the lack of operational experience with this system and could extend the duration of the 
project. This risk is mitigated by a pilot phase to qualify the system under realistic conditions. 

Using the same teleoperated system for multiple projects has a strategic advantage by reducing the production cost, 
standardizing the operating and maintenance procedures while developing extensive experience related to reliability, 
and to conventional and nuclear safety. 

1. Description 
Building 18 at the CEA’s Fontenay-aux-Roses Center is part of Basic Nuclear Facility No. 57. A former 
radiochemistry laboratory dedicated to spent fuel reprocessing studies and the production of transuranic 
radionuclides, it is now reaching the end of its decontamination phase and will be dismantled immediately 
thereafter. The building is divided into 4 units separated by fire-resistant walls; the PETRUS shielded line 
is located in unit 4. It was designed for the preparation and investigation of transuranic elements, and is 15 
m long, 5.10 m wide and 5.10 m high with a floor space of about 80 m2.

The PETRUS line (Figure 1) is divided internally into 3 separate zones: the gamma-neutron (“�-n”) or 
work-decontamination zone, the “chemistry-metallurgy” zone comprising 6 leaktight stainless steel � hot 
cells, and the overhead crane maintenance zone known as “station 7”, separated from the gamma-neutron 
zone by two sliding walls. 

1.1. Chemistry-metallurgy zone 
The chemistry-metallurgy zone comprises 6 alpha hot cells or work stations. Each stainless steel cell was 
designed for work with spent fuel. At the bottom of each work station, a rectangular cell contains a set of 
tanks to collect the process solutions generated by the chemical work performed on the targets. When the 
PETRUS line was shut down, the hot cell alpha containment was no longer fully ensured following 
various incidents; the entire line was thus contaminated. The biological shielding on the PETRUS line is 
made of concrete without a stainless steel inner liner on the floor and walls. 
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Figure 1. PETRUS shielded line 

Each station was stripped of removable process equipment and loose particulate material. The viewports 
no longer provided direct visibility inside the hot cells, and video inspections were carried out using 
visible-infrared cameras in the cells and—where possible—in the process tanks for each station. 

1.2. Work & decontamination zone 
The work & decontamination zone, or �-n zone, corresponds to handling area behind the work stations 
inside the PETRUS line. Fluid system interconnection racks are mounted between the hot cells. Electrical 
racks are installed at the bottom of each hot cell and are accessible using telemanipulators located in the �-
n zone. Four very high-level effluent tanks with recovery pans are located between the cell wall and the 
work stations. The tanks are protected by 50 mm of lead radiological shielding and a steel recovery pan. 
The tank wall facing the front panel is provided with a cast iron protective screen. An overhead crane 
equipped with a side-mounted dolly and a 3-ton hoist moves within the �-n zone for handling purposes (�
cell, waste containers, etc). 

1.3. Maintenance zone 
The maintenance zone at one end of the PETRUS line is also known as “station 7” because it follows the 
line of hot cells. It is used as a maintenance and stowage cell for the 30 kN overhead crane. It is separated 
from the �-n zone by two sliding concrete doors with borated rebars. Viewports are provided on either side 
of the cell. 

1.4. Galleries and ancillary facilities 
Beneath the PETRUS line is a tunnel 1.80 m high and 2.10 m wide leading via a 30° inclined plane to the 
upstream gallery, measuring 1.80 m high and 1.20 m wide. This gallery was used for the stack ventilation 
duct and for the active effluent transfer lines between the PETRUS line and the former tank room. Figure 2 
shows the layout of the shielded line and tunnels. 

Figure 2. PETRUS shielded line environment 

2. PETRUS shielded line dismantling issues 
This project includes dismantling the PETRUS shielded line (hot cells, upstream and downstream 
galleries, former tank room) and waste removal, including the waste generated by decontamination of the 
structural work. 

The main issue in dismantling the PETRUS shielded line is its radiological condition, which prevents 
hands-on operation due to contamination and irradiation. Moreover, the presence of radiological shielding 
prevented any examination behind the shields, and major uncertainties remain concerning the residual 
contamination in these areas and the state of the process vessels which are difficult to decontaminate 
because of poor access. These considerations weighed in favor of a remote dismantling scenario. 

The radiological activity measurements performed to date by uncollimated dose rate measurements and 
wipe tests on equipment items removed from the hot cells, are subject to uncertainties: 

• In terms of contamination (alpha radionuclides (238Pu, 244Cm and 241Am with very high specific 
activity), 

• The cramped conditions prevent inspection of all the zones in the line; and 

• In terms of irradiation before and after removal of the separating slabs (given the structural design 
of the shielded line, it is impossible to ensure that there are no sources between hot cells or between 
the tanks and hot cells). 

Irradiation

• The background dose equivalent rate in the shielded line is estimated at 0.04 Gyh; 

• The contact dose equivalent rate at hot spots in the shielded line range from 0.2 to 0.8 Gyh. 

• The dose equivalent rate in the shielded line after removal of the radiological shielding on the floor 
and protecting the high level waste (HLW) tanks is unknown at this time. 

Contamination

Following breaches of containment in the alpha cells, all the components of the PETRUS line are 
contaminated by alpha-emitters and cesium. Because of the layout of the cells and tanks, and the absence 
of a stainless steel liner, it was impossible to perform enhanced external decontamination of the equipment 
items or to fix the contamination. The contamination will therefore be dispersed during cutting and waste 
removal operations. 

For the former PETRUS tank room, the only available radiological data came from dose rate 
measurements performed on core samples, and from an inspection using a gamma camera equipped with 
collimated spectrometry sensors as samples were taken from one of the effluent tanks. The lack of access 
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to the room prevents any decontamination operations other than draining the effluent tanks. The ambient 
dose rate is about 0.010 Gy/h with a spectrum comprising mainly 137Cs. The gamma camera detected hot 
spots of a few tens of milligrays per hour at distances of 1 to 3 meters. 

Under these conditions, it was decided that dismantling would be carried out remotely. 

3. Teleoperation equipment planned for dismantling the PETRUS line 
A carrier is required to position the arm in the work zone, together with tools for extensive cutting 
operations. 

The procedure will include: 

• Cutting up dismantling waste: stainless steel plates, tank walls, enclosures, structural work, process 
equipment tubing, radiological shielding, etc; 

• Additional cutting to allow waste sorting by type and activity, and to minimize the scrap volume; 

• Waste transfer and placement in waste containers; 

• Removal of waste containers. 

Waste removal in drums will require setting up a teleoperation system for gripping, handling and removing 
the waste. 

After the waste has been cut up and removed, superficial decontamination of the concrete (spalling) will 
be carried out to allow subsequent hands-on decontamination of the structural work. 

The objective after dismantling is to leave the PETRUS shielded line with the bare walls having a dose 
rate compatible with hands-on work for 2 hours per day per person. The occupational dose objective is    
15 mSv per person over any consecutive 12-month period. 

4. Proposed approach 
Two dismantling concepts were considered: 

• Wall-mounted telemanipulator systems using mechanical manipulator arms. 

• Mobile carriers (equipped with manipulator arms) either suspended or mounted on the existing 
overhead crane. 

A 3-D simulation phase demonstrated that all the equipment in the shielded line was accessible using these 
options. 

4.1. Wall-mounted telemanipulators 
Mechanical master/slave manipulators have several advantages: high performance master-slave force-
feedback system, substantial operational experience, good dexterity, compatibility with the work 
environment, etc. However, these arms were not designed for the imperatives and constraints of 
dismantling operations. 

As some of the tanks had previously been used for interim storage of organic solutions, and as 
containment is ensured only by the ventilation system, thermal cutting tools (which do not impose severe 
mechanical constraints on telemanipulators) cannot be used. Impacts, vibrations and overloads due to the 
use of mechanical cutting tools raise the issue of the reliability of the telemanipulators.This dismantling 
method raises no risks other than a problem of accessibility throughout the entire cell (waste removal, etc). 

The existing telemanipulation equipment on the PETRUS line includes: 

• CRL model G telemanipulators on the front face (2 per work station, 6 work stations, in addition to 
the maintenance cell). A SIT Python device is available that can be moved into position at each 
work station; 

• Two La Calhène MT 200 telemanipulators on the front and rear faces of station 7, as well as one 
TSM and a 3 m Python. 

The model G and F telemanipulators date from the original design; the do not include booting and are now 
worn out and contaminated. 

The MT 200 and Python telemanipulators installed to decontaminate the hot cells and the �-n zone do not 
have sufficient reach or load-bearing capacity for dismantling operations. 

Moreover, their maintenance remains a complex operation because of the breach of containment when 
entering or leaving the zone. 

The front panel viewports are opaque, and the rear panel viewports do not allow easy viewing of some 
areas. The work will be supervised by remote viewing equipment: cameras installed in fixed positions on 
the shielded line or on the teleoperation system. 

4.2. Carrier & teleoperated arm assembly 
Several options were compared: 

• Fixed-mast carrier with two symmetrically mounted arms; 

• Suspended, stabilized carrier with a working arm; 

• Self-propelled carrier with manipulator arm; 

• Telescoping carrier mounted on the overhead crane and equipped with a manipulator arm. 

A carrier mounted on the overhead crane dolly is stable, easy to position, and can support practically any 
type of arm. This solution can be considered if the load and torque values transmitted to the crane can be 
controlled, and if fly-off safety provisions are installed. In this case, the design of the crane travel rails is 
compatible with the installation of a safety device of this type. A suspended carrier is a flexible option well 
suited to the configuration of the PETRUS line, and provides the best assurance of allowing it to be moved 
into the maintenance zone in the event of a malfunction. Considerable operating experience is already 
available for this concept which has been used on several occasions in Germany and in the United States. 

No arm technology (mechanical, electrical, hydraulic) has truly reached industrial maturity to date for 
dismantling purposes. Significant dismantling experience is now becoming available for some electrical 
arms, although the reliability of these robots is often affected by their large overall dimensions ill-suited to 
in situ dismantling, making them better adapted for waste packaging or monitoring purposes. 

Little experience is available concerning hydraulic arms in nuclear applications, and in particular for 
cutting operations. They have been used occasionally, mainly for waste retrieval. They provide satisfactory 
performance and their basic characteristics meet dismantling requirements with high capacity and a 
weight/power ratio of about 1 but with maintenance requirements poorly suited for operation in a 
contaminated environment. Arms that have been the subject of specific development work must now reach 
maturity, and may soon become irreplaceable for dismantling applications. The road to maturity passes 
through qualification tests in pilot dismantling projects. 

4.3. Selection criteria 
Hydraulic arms were developed in the 1980s for handling heavy loads in the automobile industry, but have 
otherwise been widely deployed only in offshore and civil engineering applications. Little feedback is 
available under the very different operating conditions of the nuclear industry. 

In the light of the advantages obtained by using master-slave force-feedback systems for the initial remote 
dismantling projects, the CEA and Cybernetix undertook a development program beginning in 1996 and 
leading to the specification of the MAESTRO system. 

We decided to use a MAESTRO slave arm mounted on an overhead crane for the PETRUS line, and a 
MAESTRO slave arm installed on a Brokk MiniCut device for the galleries and the tank room. 

Each MAESTRO slave arm is driven by an onboard hydraulic power unit and a hardened onboard 
controller coupled to a control station. 

Athens - Book of Contributed Papers A4.indd   564 2006-11-06   14:21:28



565

to the room prevents any decontamination operations other than draining the effluent tanks. The ambient 
dose rate is about 0.010 Gy/h with a spectrum comprising mainly 137Cs. The gamma camera detected hot 
spots of a few tens of milligrays per hour at distances of 1 to 3 meters. 

Under these conditions, it was decided that dismantling would be carried out remotely. 

3. Teleoperation equipment planned for dismantling the PETRUS line 
A carrier is required to position the arm in the work zone, together with tools for extensive cutting 
operations. 

The procedure will include: 

• Cutting up dismantling waste: stainless steel plates, tank walls, enclosures, structural work, process 
equipment tubing, radiological shielding, etc; 

• Additional cutting to allow waste sorting by type and activity, and to minimize the scrap volume; 

• Waste transfer and placement in waste containers; 

• Removal of waste containers. 

Waste removal in drums will require setting up a teleoperation system for gripping, handling and removing 
the waste. 

After the waste has been cut up and removed, superficial decontamination of the concrete (spalling) will 
be carried out to allow subsequent hands-on decontamination of the structural work. 

The objective after dismantling is to leave the PETRUS shielded line with the bare walls having a dose 
rate compatible with hands-on work for 2 hours per day per person. The occupational dose objective is    
15 mSv per person over any consecutive 12-month period. 

4. Proposed approach 
Two dismantling concepts were considered: 

• Wall-mounted telemanipulator systems using mechanical manipulator arms. 

• Mobile carriers (equipped with manipulator arms) either suspended or mounted on the existing 
overhead crane. 

A 3-D simulation phase demonstrated that all the equipment in the shielded line was accessible using these 
options. 

4.1. Wall-mounted telemanipulators 
Mechanical master/slave manipulators have several advantages: high performance master-slave force-
feedback system, substantial operational experience, good dexterity, compatibility with the work 
environment, etc. However, these arms were not designed for the imperatives and constraints of 
dismantling operations. 

As some of the tanks had previously been used for interim storage of organic solutions, and as 
containment is ensured only by the ventilation system, thermal cutting tools (which do not impose severe 
mechanical constraints on telemanipulators) cannot be used. Impacts, vibrations and overloads due to the 
use of mechanical cutting tools raise the issue of the reliability of the telemanipulators.This dismantling 
method raises no risks other than a problem of accessibility throughout the entire cell (waste removal, etc). 

The existing telemanipulation equipment on the PETRUS line includes: 

• CRL model G telemanipulators on the front face (2 per work station, 6 work stations, in addition to 
the maintenance cell). A SIT Python device is available that can be moved into position at each 
work station; 

• Two La Calhène MT 200 telemanipulators on the front and rear faces of station 7, as well as one 
TSM and a 3 m Python. 

The model G and F telemanipulators date from the original design; the do not include booting and are now 
worn out and contaminated. 

The MT 200 and Python telemanipulators installed to decontaminate the hot cells and the �-n zone do not 
have sufficient reach or load-bearing capacity for dismantling operations. 

Moreover, their maintenance remains a complex operation because of the breach of containment when 
entering or leaving the zone. 

The front panel viewports are opaque, and the rear panel viewports do not allow easy viewing of some 
areas. The work will be supervised by remote viewing equipment: cameras installed in fixed positions on 
the shielded line or on the teleoperation system. 

4.2. Carrier & teleoperated arm assembly 
Several options were compared: 

• Fixed-mast carrier with two symmetrically mounted arms; 

• Suspended, stabilized carrier with a working arm; 

• Self-propelled carrier with manipulator arm; 

• Telescoping carrier mounted on the overhead crane and equipped with a manipulator arm. 

A carrier mounted on the overhead crane dolly is stable, easy to position, and can support practically any 
type of arm. This solution can be considered if the load and torque values transmitted to the crane can be 
controlled, and if fly-off safety provisions are installed. In this case, the design of the crane travel rails is 
compatible with the installation of a safety device of this type. A suspended carrier is a flexible option well 
suited to the configuration of the PETRUS line, and provides the best assurance of allowing it to be moved 
into the maintenance zone in the event of a malfunction. Considerable operating experience is already 
available for this concept which has been used on several occasions in Germany and in the United States. 

No arm technology (mechanical, electrical, hydraulic) has truly reached industrial maturity to date for 
dismantling purposes. Significant dismantling experience is now becoming available for some electrical 
arms, although the reliability of these robots is often affected by their large overall dimensions ill-suited to 
in situ dismantling, making them better adapted for waste packaging or monitoring purposes. 

Little experience is available concerning hydraulic arms in nuclear applications, and in particular for 
cutting operations. They have been used occasionally, mainly for waste retrieval. They provide satisfactory 
performance and their basic characteristics meet dismantling requirements with high capacity and a 
weight/power ratio of about 1 but with maintenance requirements poorly suited for operation in a 
contaminated environment. Arms that have been the subject of specific development work must now reach 
maturity, and may soon become irreplaceable for dismantling applications. The road to maturity passes 
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5. Description of the MAESTRO system 
The MAESTRO program began as a joint development of a hydraulic slave arm by IFREMER and 
CYBERNETIX with force feedback control developed by the CEA. 

Figure 3. Maestro teleoperation system

The MAESTRO system is a teleoperation device designed for decontamination and dismantling projects in 
nuclear facilities. It uses a modular component design according to the specific characteristics of each 
project without requiring requalification of the system configuration and performance. Figure 3 shows: 

• The MAESTRO arm in its long version (about 2.38 m reach); 

• An onboard hydraulic power unit eliminating the need for a hydraulic umbilical and operating with 
fire-resistant hydraulic fluid; 

• An onboard signal multiplexing controller hardened to withstand 10 kGy to simplify the 
management of the umbilical; 

• A small umbilical (about twenty millimeters in diameter), ensuring electrical power, control and 
video transmission; 

• In the foreground, the tool rack (tong, shears, disc cutter, etc.); 

• Installed on the arm, the Hydr’am shear with its onboard 700-bar hydraulic power unit. As with all 
the tools in this photo, 220 V electric power is supply via a 2 kW umbilical routed inside the arm; 

• The power supply unit supports two video turrets with lighting provisions; the turrets are controlled 
by MAGRITTE* and include an automatic tool tracking function; and 

• In the background, the control unit with the Virtuose 6D 40-40 master arm in the hands of the 
operator, whose eyes are on the Magritte graphic supervisor and video monitors. 

This type of modular concept has several advantages: 

• Dexterous arm and heavy load capacity: 60 daN at 2.38 m, 100 daN at 1.90 m; 

• Master/slave force-feedback system (for fine control of operating loads on the tool as well as on its 
environment); 

• Tool changer (no umbilical to control); 

                                                     
* MAGRITTE: a graphic supervisor used to monitor the MAESTRO system (power supply, arm, video turrets, tools, 
etc). It includes operator aids such as: tool weight compensation, manual operating modes with or without force 
feedback, possible immobilization of degrees of freedom (rotation or translational motion), joint or Cartesian mode, 
automatic path generation, etc. 

• Reliable, hardened to withstand 10 kGy, decontaminatable and easily serviced in the work zone; and 

• Easy to control via computer-assisted control modes. 

6. Prospects and risks 
The strategic advantage of this type of system is the availability of a qualified tool capable of meeting the 
requirements of dismantling projects without the need for a reexamination and/or demonstration under 
inactive conditions of the system compliance with specification requirements for each new project. Using 
a single type of telemanipulator arm for different projects is expected to reduce production costs, 
standardize operating and maintenance procedures and replacement parts while obtaining actual 
operational experience concerning reliability as well as conventional and nuclear safety. 

The main risk arises from the lack of experience with the complete MAESTRO arm before the decision to 
deploy it in the PETRUS line dismantling project; this could delay the completion of the project. 

In order to mitigate this risk, the MAESTRO system development program was broken down into three 
subprograms with the objective of completing as many tests as possible before nuclearizing the system: 

1. Development and improvement of the prototype MAESTRO system in 2004; 

2. Industrial transfer in 2005 to CYBERNETIX after qualification of the MAESTRO system. The 
licensing agreements are granted piecemeal and revised as necessary; 

3. Qualification under active conditions in a pilot project to validate the industrial version and acquire 
initial field experience. Active operation will begin in early 2008 in a cell in building 214 of the 
Marcoule Pilot Plant following an operator training period. 
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Abstract. Decommissioning of the Uranium Recovery Section at the Phosphate Rock Fertilizer Plant in 
Gresik, East Java, Indonesia requires decontamination activity be applied to dismantled parts. The 
decontamination study has categorized the dismantled parts into three types, type A, type B and type C parts.  
Type A parts were the equipment having very low surface activity or below the clearance level. Type B parts 
were the equipment having surface activity beyond the clearance level, containing radioactive scale, which is 
easily removed by in situ decontamination to become parts that are useable unrestrictedly. Type C parts were the 
equipment having surface activity beyond the clearance level whose nature is very difficult to remove. In situ 
decontamination of the type B parts have been studied. Mechanical surface cleaning methods and strippable 
coating methods can be applied for in situ decontamination. The application of strippable coating methods with  
a composition of 10.0% phosphoric acid, 1.0% HEDPA, 3.0% tartaric acid, 12.0% polyvinyl alcohol and 4.3% 
absorbent clynoptilolyte was considered to be very effective. 

1. Introduction 
The Gresik Petrochemical Plant (GPP) is located in Gresik, East Java, Indonesia. The plant  produces 
different chemicals and fertilizers, and one of them is phosphate rock fertilizer. The main raw material 
of the fertilizer is phosphate rock. The Uranium Recovery Section-Phosphate Rock Fertilizer Plant 
(URS-PRFP) is a facility at the Phosphate Rock Fertilizer Plant that serves two functions, first is to 
recover uranium from the phosphoric acid; and second is to produce ammonium diuranate or yellow 
cake. The flow diagram for this facility is shown in Figure 1. 

Figure 1. Flow diagram of URS-PRFP 

The phosphoric acid feed must be conditioned to facilitate uranium extraction: valence change, 
temperature adjustment and clarity. The uranium valence must be changed from 4 to 6 by oxidation, 
because in the extraction process the valence 6 material is more readily extracted. The phosphoric acid 
must also be cooled from 60°C to 45°C, because at 45°C the yield of the gypsum precipitate and its 
reaction rate are optimum. Clarity of the phosphoric acid is also essential to enhance the filtration 
process. 
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In the extraction process, uranium was extracted from phosphoric acid solution to the solvent solution.  
The solvent solution used was a mixture of Di-2-Ethyl-Hexyl Phosphoric Acid (D2EHPA) + Tri-Octyl 
Phosphine Oxide (TOPO) in kerosene as diluents. A settling process would separate organic phase and 
aqueous phase.  The first cycle of the extraction process includes three sub processes: extraction, 
scrubbing and stripping. The scrubbing sub process using sulphuric acid serves the purpose of 
phosphate and iron removal from the extractant. The stripping sub process, which uses sodium 
carbonate, serves the purpose to take uranium from the organic phase to the aqueous carbonate phase.  

The second cycle of the extraction process has the purpose to purify uranium at more concentrated 
extractant, in order to yield yellow cake with better quality. This process is also followed by 
scrubbing, stripping and solvent regeneration. U-loaded organic from the extraction sub process is 
scrubbed in three scrubbers to remove phosphate and iron from the extractant.  After that, the organic 
solution is stripped by a sodium carbonate solution yielding a 33 g/l uranium content in the carbonate 
solution. 

In the acidification process, the pregnant carbonate is added with sulphuric acid to decompose the 
excess carbonate into carbon dioxide resulting in better efficiency in the later yellow cake 
precipitattion process. In the precipitation process, an ammonia solution is sprayed on to the U-bearing 
carbonate solution to produce ammonium diuranate (ADU) in a slurry form. Upon drying, the 
ammonium diuranate powder is poured into drums for storage. The uranium content in the yellow cake 
is about 85% U3O8.

The URS-PRFP was operated only for short time from April to July 1989, and was totally shut down 
on August 12, 1989. During a period of about 14 years, it was found that much of the 
equipment/systems were damaged and some were even removed. Considering the possible spread of 
contamination to other areas the BAPETEN (the national nuclear regulatory body) performed an 
inspection on June 12, 2000 and insisted that the GPP decommission the URS-PRFP. 

Decommissioning is the final stage in the life cycle of a nuclear facility. The scope of the activities 
includes: 

• Removal and management of radioactive sources and primary radioactive waste; 

• Decontamination, prior to and after the dismantling; 

• Dismantling of structures and components; 

• Management of the radioactive dismantling material; 

• Radiation protection and safety control of the site and environment; 

• Final radiological monitoring and survey; 

• Final report. 

This paper discusses one of the problems to be faced during the decommissioning of the URS-PRFP, 
(i.e. on the classification of spent equipment/systems produced from dismantling and the best methods 
for in situ decontamination, so that the management of the radioactive waste produced from the 
dismantling would be simpler and the quantity kept to a minimum). 

2. Methodology 
The data in this study is derived from the inventory of equipment/systems of the URS-PRFP based on 
which the strategy of the in situ decontamination was planned, including the identification and 
classification to equipment/systems. The strategy is also based on relevant information and data from 
results of research and data from literature.

3. Discussion 
The inventory of equipment/systems as well as their classification is shown in Table 1. The data is 
used as reference for in situ decontamination.  The prime attention is paid to the radiological impact to 
the workers. 

Table 1. The classification of equipment URS-PRFP 

Contamination level 
No Zone Name of equipment 

�, Bq/cm2 �/� Bq/cm2
Type� Remarks 

1-60 I & II All All equipment - - A&B  
61 TK542 Strong acid transfer tank 0.36 2.37 B or C  
62 TK544 Solvent feed tank 0.12 - B  
63 TK545 Reg. elution make up  tank 0.10 0.86 B Crust on the wall 
64 TK546 Carbonate feed  tank 0.04 0.22 B  
65 TK548 Regeneration raffinate  tank - - B Crust on the wall 
66 TK549 Carbonate feed  tank - - B Contents solid w. 
67 TK547 Carbonate mixing  tank - - B Contents solid w. 
68 TK550 No 2 Sx over flow  tank 0.04 0.22 B Crust on the wall 
69 TK551 No 2 Sx over drain  tank 0.04 0.22 B Yellowcake (YC) 80%  
70 TK541 Strong ac. gunk clarifier  tank - - B  
71 TK552 Sump pump collection  tank 0.10 0.86 B  Organic 50% 
72 TK600 Product thickener tank 0.07 0.65 B YC/crust 15% 
73. TK601 Pregnant carbon  tank - - B YC/crust 15% 
74 TK602 Acidification  tank - - B YC/crust 100% 
75 TK603 Acidification  tank - - B YC/crust 100% 
76 TK612 Acidification  tank 0.072 7.56 C YC/crust 15% 
77 TK604 Precipitation  tank 0.07 10.80 C Crust on the wall 
78 TK605 Precipitation  tank - - C Crust on the wall 
79 TK606 Thickener over flow tank 0.27 10.80 C Crust on the wall 
80 M/SE501 No.2 Solv. Extraction Settler 0.39 2.16 B or C Crust on the wall 
81 M/SE502 No.2 Solv. Extraction Settler 0.39 2.16 B or C Crust on the wall 
82 M/SE503 No.2 Solv. Extraction Settler 0.43 2.37 B or C Crust on the wall 
83 M/SE504 No.2 Solv. Extraction Settler 0.39 2.37 B or C Crust on the wall 
84 M/PS501 Post Settler  - - B Crust on the wall 
85

III

M/SE510 No.2 Solvent Stripping 0.07 1.08 B Yellowcake 
86 M/SE511 No.2 Solvent Stripping 0.07 0.87 B Yellow cake 
87 M/SE512 No.2 Solvent Stripping 0.07 0.87 B Yellowcake (YC) 
88 M/SE520 No.2 Solvent Scrubbing 0.07 1.08 B Yellowcake (YC) 
89 M/SE521 No.2 Solvent Scrubbing 0.07 0.87 B Yellowcake (YC) 
90 M/SE522 No.2 Solvent Scrubbing 0.07 0.87 B Yellowcake (YC) 
91 M/SE530 No.2 Solv. Regen. Settler 0.07 0.87 B Yellowcake (YC) 
92 TK701 Seal tank - - B Yellowcake (YC) 
93 M701 Product screw conveyor  - - B Yellowcake (YC) 
94 TK751 Gunk over flow tank 0.15 0.22 B Water + gunk 
95 TK752 Gunk separator 0.07 0.43 B Water + gunk 
96 TK753 Gunk separator 0.07 0.22 B Organic + gunk 
97 TK754 Gunk separator 0.07 0.22 B Water 6% 
98 TK755 Filter precoat tank 0.07 0.22 B Water 5%  
99 TK758 Vacuum pump seal tank 0.07 0.22 B Water 5% 
100 FIL751 Precoat gunk filter 0.04 0.43 B Yellowcake 
101 DR701 Dryer 0.04 0.43 C Yellowcake (YC) 
102 DR702 Product dust collector 0.04 0.43 B Yellowcake (YC) 
103

IV

CEN701 Centrifuge - - C Yellowcake (YC) 
104 Stack, deeptray, T-joint, pump, sump, calcination room - - A,B&C Yellowcake (YC) 
105 Piping zone III/IV - - A,B&C Yellowcake (YC) 
106 Concrete floor/ concrete zone IV a) b) C Yellowcake (YC) 

*)   Clearance level of surface (�)   = 0.1 Bq/ cm2 (0.05 Bq/g) 
       Clearance level of surface (�/�) = 1 Bq/ cm2 (0.5 Bq/g) 

   a)     72.4 Bq/g 
   b)     250.7 Bq/g 

� )  The classification into type B and C may be changed following further study 
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The maximum external and internal dose going to be received by the worker for in situ 
decontamination are shown in Table 2 and Table 3 respectively. 

Table 2. Potential external radiation dose received by workers 

Zone 
Surface 

rad.exposure, 
µSv/hr 

Radioactive chemical source Remarks 

I 0.10-0.16 lime 37.5 m3

II 0.10-0.60 crust, organic, gunk, iron impurity 
co-precipitate 

crust = 1.8 m3, solvent = 76 m3, gunk = 12 m3, iron impurity 
co-precipitate = 0.4 m3

III 0.15-2.10 crust, yellow cake, organic crust = 5.3 m3, yellow cake = 1.85 m3,  solvent = 10.5 m3,
yellow cake + acid = 20.1 m3

IV 0.12-25.00 gunk, solvent, yellowcake Gunk + solvent = 10 m3, gunk = 37.5 m3, yellow cake = 6.56 
m3 + 1546 kg 

Table 3 Potential internal radiation dose received by workers 
No Zone Internal dose (mSv/y) 

1 I, II 2.75E-02 

2 III 6.58E-02 

3 IV 3.47E-01 

In Table 2, the average potential dose for external radiation to be received by workers in zone IV is 
5.73 ± 8.43 µSv/hr or equivvalent to about 11.5 mSv/year, that is only about 23% of NBD, which is 50 
mSv/year. The maximum potential dose in zone IV is 25 µSv/hr or about 50 mSv/year, that is almost 
equal to NBD.  In Table 3, it is shown that the in situ decontamination workers would receive an 
internal dose that is safe. The average potential internal dose received by workers in zone IV would be 
3.47 x 10-1 mSv/year, that is only 0.7% of NBD. Based on Table 2 and Table 3, the Radiation 
Protection office recommends that in situ decontamination work is safe from either the external and 
internal exposure.  

4. In situ decontamination 
The classification of equipment/components and the adopted treatments are shown in Table 4 and 
Figure 2. In situ decontamination is employed to the type B parts. The first necessary activity is to 
remove the radioactive waste which was produced during the plant operation and still is remaining 
there in the equipment/systems. The method of waste removal has to be as simple as possible, not 
generating secondary waste. 

Table 4 Classification criteria equipment of URS-PRFP and continuing action 
Equip. type Description Action 

A Equipment that below the clearance level  Directly to dismantling, waste produce as non 
radioactive waste 

B Equipment having surface activity beyond the clearance level, 
containing radioactive scale, which is easily removed  

By removed and/or in situ decontamination to 
become parts that are useable unrestrictedly  

C Equipment having surface activity beyond the clearance level 
whose nature is very difficult to remove 

Directly to dismantling, waste produce as 
radioactive waste 

Figure 2. Classification and activities of dismantling operation 

For solid waste, the removal is to use simple scrapers as tool, then put the waste into a standard 100 l 
drum. For liquid waste, the removal is to use valves, openings etc. available in the facilities. The liquid 
wastes will be put into stainless steel tank of 100 l. 

In situ decontamination has the purpose to remove contamination on the surface of the 
equipment/systems, so that they can be released for unrestricted reuse or recycle. 

In order to achieve a good decontamination factor, a decontamination  process must be designed for 
site specific application, taking into account a wide variety of parameters, some of which are listed 
below: 

• Type of facility; 

• Operating history of the plant; 

• Type of substrate material: steel, etc.; 

• Type of surface: rough, porous, coated, etc.; 

• Form of contaminant: oxide, crud, etc.; 

• Composition of the contaminant; 

• External or internal surface to be cleaned; 

• Decontamination factor (DF) required; 

• Destination of the components being decontaminated: disposal, reuse, etc.; 

• Time required for application; 

• Type of component: pipe, tank, etc. 

Related to in situ decontamination the URS-PRFP, several aspects that have to be consider are: 

• The URS-PRFP is relatively a simple facility; 

• It was operated for only 4 months; 

• The radioactive contamination on the surface of equipment/systems is loose; 

• The surface of equipment/systems is smooth and therefore the surface poses very low activity 
all being below the clearance level. 
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The maximum external and internal dose going to be received by the worker for in situ 
decontamination are shown in Table 2 and Table 3 respectively. 

Table 2. Potential external radiation dose received by workers 

Zone 
Surface 

rad.exposure, 
µSv/hr 

Radioactive chemical source Remarks 

I 0.10-0.16 lime 37.5 m3

II 0.10-0.60 crust, organic, gunk, iron impurity 
co-precipitate 

crust = 1.8 m3, solvent = 76 m3, gunk = 12 m3, iron impurity 
co-precipitate = 0.4 m3

III 0.15-2.10 crust, yellow cake, organic crust = 5.3 m3, yellow cake = 1.85 m3,  solvent = 10.5 m3,
yellow cake + acid = 20.1 m3

IV 0.12-25.00 gunk, solvent, yellowcake Gunk + solvent = 10 m3, gunk = 37.5 m3, yellow cake = 6.56 
m3 + 1546 kg 

Table 3 Potential internal radiation dose received by workers 
No Zone Internal dose (mSv/y) 

1 I, II 2.75E-02 

2 III 6.58E-02 

3 IV 3.47E-01 

In Table 2, the average potential dose for external radiation to be received by workers in zone IV is 
5.73 ± 8.43 µSv/hr or equivvalent to about 11.5 mSv/year, that is only about 23% of NBD, which is 50 
mSv/year. The maximum potential dose in zone IV is 25 µSv/hr or about 50 mSv/year, that is almost 
equal to NBD.  In Table 3, it is shown that the in situ decontamination workers would receive an 
internal dose that is safe. The average potential internal dose received by workers in zone IV would be 
3.47 x 10-1 mSv/year, that is only 0.7% of NBD. Based on Table 2 and Table 3, the Radiation 
Protection office recommends that in situ decontamination work is safe from either the external and 
internal exposure.  

4. In situ decontamination 
The classification of equipment/components and the adopted treatments are shown in Table 4 and 
Figure 2. In situ decontamination is employed to the type B parts. The first necessary activity is to 
remove the radioactive waste which was produced during the plant operation and still is remaining 
there in the equipment/systems. The method of waste removal has to be as simple as possible, not 
generating secondary waste. 

Table 4 Classification criteria equipment of URS-PRFP and continuing action 
Equip. type Description Action 

A Equipment that below the clearance level  Directly to dismantling, waste produce as non 
radioactive waste 

B Equipment having surface activity beyond the clearance level, 
containing radioactive scale, which is easily removed  

By removed and/or in situ decontamination to 
become parts that are useable unrestrictedly  

C Equipment having surface activity beyond the clearance level 
whose nature is very difficult to remove 

Directly to dismantling, waste produce as 
radioactive waste 

Figure 2. Classification and activities of dismantling operation 

For solid waste, the removal is to use simple scrapers as tool, then put the waste into a standard 100 l 
drum. For liquid waste, the removal is to use valves, openings etc. available in the facilities. The liquid 
wastes will be put into stainless steel tank of 100 l. 

In situ decontamination has the purpose to remove contamination on the surface of the 
equipment/systems, so that they can be released for unrestricted reuse or recycle. 

In order to achieve a good decontamination factor, a decontamination  process must be designed for 
site specific application, taking into account a wide variety of parameters, some of which are listed 
below: 

• Type of facility; 

• Operating history of the plant; 

• Type of substrate material: steel, etc.; 

• Type of surface: rough, porous, coated, etc.; 

• Form of contaminant: oxide, crud, etc.; 

• Composition of the contaminant; 

• External or internal surface to be cleaned; 

• Decontamination factor (DF) required; 

• Destination of the components being decontaminated: disposal, reuse, etc.; 

• Time required for application; 

• Type of component: pipe, tank, etc. 

Related to in situ decontamination the URS-PRFP, several aspects that have to be consider are: 

• The URS-PRFP is relatively a simple facility; 

• It was operated for only 4 months; 

• The radioactive contamination on the surface of equipment/systems is loose; 

• The surface of equipment/systems is smooth and therefore the surface poses very low activity 
all being below the clearance level. 
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There are 2 methods that can be applied: 

• Mechanical method with surface cleaning: In this method, dust cloths, already soaked in an 
organic material are used to clean the material surface with a simple wiping. The organic 
material used is 90% acetone and trichloro ethylene. This material is effective, because it could 
form corrosion substance on metal surface. This method only produces very little secondary 
waste on solid surface that is very easy to treat. 

• Strippable coating methods: In this methods mixed chemicals containing support material and 
decontaminating material are spread or painted on the material surface which will be 
decontaminated. When dry and expectedly having absorbed contaminant, the coat is removed so 
that the contaminant is released from the surface. The secondary waste is therefore in solid 
form. The supporting chemicals are glycerin phosphate, glycerin acetate, latex, poly vinyl 
acetate, poly vinyl alcohol, etc.  The decontaminating chemicals are EDTA, acetic acid, oxalic 
acid, KMnO4, HEDPA, sulfuric acid, phosphoric acid, etc.  

Research on strippable coating [5] indicates that beside the support and decontaminating material, an 
absorbent material is added. The absorbent material used is the form gel mixture, so it could make 
secondary waste treatment easier.  The data is presented in Table 5 and Table 6. 

Table 5. Decontamination by absorbent lignin 

Decontamination 
by absorbent 

ligninNo 
Chemical and the composition (%) Material to 

decontaminated DF 

1 NaOH –10.0; (NH4)2HEDPA – 2.0; carboxymethylcellulose-
0..5; PVA – 11.5; Lignin – 2.7 

Carbon steel 
Stainless steel 

17.1 
13.6 

2 NaOH –10.0; (NH4)2HEDPA – 2.0; carboxymethylcellulose-
0.5; PVA – 11.5; Lignin – 6.8 

Carbon steel 
Stainless steel 

Aluminum 

17.6 
12.6 
29.2 

3 H2SO4 – 9.2; H3PO4 – 8.4; NH4F – 3.0; PVA – 12.0 
Lignin – 8.6 

Carbon steel 
Stainless steel 

37.8 
38.1 

4 H2SO4 – 9.2; H3PO4 – 8.4; NH4F – 3.0; PVA – 12.0; 
Lignin – 21.0 

Carbon steel 
Stainless steel 

Aluminum 

12.2 
22.4 
16.8 

5 H3PO4 – 10.0; HEDPA – 1.0; Tartaric acid – 3.0; PVA – 12.0; 
Lignin – 4.7 

Carbon steel 
Stainless steel 

27.9 
30.8 

6 H3PO4 – 10.0; HEDPA – 1.0; Tartaric acid – 3.0; PVA – 12.0; 
Lignin – 9.2 

Carbon steel 
Stainless steel 

Aluminum 

25.0 
29.2 
26.6 

7 H2SO4 – 9.2; H3PO4 – 8.4; Tartaric acid – 3.0; PVA – 12.0; 
Lignin – 5.8 

Carbon steel 
Stainless steel 

7.8 
21.5 

8 H2SO4 – 9.2; H3PO4 – 8.4; Tartaric acid – 3.0; PVA – 12.0; 
Lignin – 12.3 

Carbon steel 
Stainless steel 

Aluminum 

8.9 
23.8 
13.5 

Table 6. Decontamination by absorbent clinoptilolite 

No Chemical and the composition (%) 
Material to be 

decontaminated 
DF 

1 NaOH –10.0; (NH4)2HEDPA – 2.0; 
carboxymethylcellulose-0.5; PVA – 11.5; 
clinoptilolite – 3.0 

Carbon steel 
Stainless steel 

30.9 
44.9 

2 NaOH –10.0; (NH4)2HEDPA – 2.0 
carboxymethylcellulose-0.5; PVA – 11.5; 
clinoptilolite – 9.7 

Carbon steel 
Stainless steel 

Aluminum 

31.3 
56.8 
35.8 

3 H2SO4 – 9.2; H3PO4 – 8.4; NH4F – 3.0 
PVA – 12.0; clinoptilolite – 5.2 

Carbon steel 
Stainless steel 

10.8 
24.6 

4
H2SO4 – 9.2; H3PO4 – 8.4; NH4F – 3.0 
PVA – 12.0; clinoptilolite – 12.6 

Carbon steel 
Stainless steel 

Aluminum 

14.6 
30.9 
19.8 

5 H3PO4 – 10.0; HEDPA – 1.0; Tartaric acid – 3.0; PVA – 12.0; 
clinoptilolite – 4.3 

Carbon steel 
Stainless steel 

34.6 
40.6 

6 H3PO4 – 10.0; HEDPA – 1.0; Tartaric acid – 3.0; PVA – 12.0; 
clinoptilolite – 10.1 

Carbon steel 
Stainless steel 

33.8 
48.2 

7 H2SO4 – 9.2; H3PO4 – 8.4; Tartaric acid – 3.0; PVA – 12.0; 
clinoptilolite – 4.9 

Carbon steel 
Stainless steel 

15.4 
28.6 

8
H2SO4 – 9.2; H3PO4 – 8.4; Tartaric acid – 3.0; PVA – 12.0; 
clinoptilolite – 14.3 

Carbon steel 
Stainless steel 

Aluminium 

18.7 
42.4 
21.2 

Table 5 shows the use of mixture of strippable coating and absorbent lignin and Table 6 mixture of 
strippable coating and absorbent clinoptilolite. The result of the research shows that clinoptilolite 
absorbent is better than lignin absorbent in all compositions. However for the decontamination of type 
B material, both absorbents can be used. Whereas, the use of acid gives no significant difference. 

From the data on Table 5, the use of strippable coating with composition of 10.0% phosphoric, 1.0% 
HEDPA, 3.0% tartaric acid, 12.0% polyvinyl alcohol and 4.3% clinoptilolite absorbent is the best to 
be applied on this puspose.  Using this, the decontamination factor can be as much as 34.6 for carbon 
steel and 40.6 for stainless steel. 

5. Conclusion
Two methods that can be applied to the in situ decontamination are mechanical methods with surface 
cleaning methods and strippable coating methods. In the strippable coating methods, the use of lignin 
and clinoptilolite absorbent can be applied to the in situ decontamination. The use of a mixture of 
phosphoric acid 10.0%, HEDPA 1.0%, tartaric acid 3.0%, polyvinyl alcohol 12.0% and absorbent 
clinoptilolite 4.3% is very effective to be applied for the decontamination of equipment/components 
type B of the URS-PRFP. 
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There are 2 methods that can be applied: 

• Mechanical method with surface cleaning: In this method, dust cloths, already soaked in an 
organic material are used to clean the material surface with a simple wiping. The organic 
material used is 90% acetone and trichloro ethylene. This material is effective, because it could 
form corrosion substance on metal surface. This method only produces very little secondary 
waste on solid surface that is very easy to treat. 

• Strippable coating methods: In this methods mixed chemicals containing support material and 
decontaminating material are spread or painted on the material surface which will be 
decontaminated. When dry and expectedly having absorbed contaminant, the coat is removed so 
that the contaminant is released from the surface. The secondary waste is therefore in solid 
form. The supporting chemicals are glycerin phosphate, glycerin acetate, latex, poly vinyl 
acetate, poly vinyl alcohol, etc.  The decontaminating chemicals are EDTA, acetic acid, oxalic 
acid, KMnO4, HEDPA, sulfuric acid, phosphoric acid, etc.  

Research on strippable coating [5] indicates that beside the support and decontaminating material, an 
absorbent material is added. The absorbent material used is the form gel mixture, so it could make 
secondary waste treatment easier.  The data is presented in Table 5 and Table 6. 

Table 5. Decontamination by absorbent lignin 

Decontamination 
by absorbent 

ligninNo 
Chemical and the composition (%) Material to 

decontaminated DF 

1 NaOH –10.0; (NH4)2HEDPA – 2.0; carboxymethylcellulose-
0..5; PVA – 11.5; Lignin – 2.7 

Carbon steel 
Stainless steel 

17.1 
13.6 

2 NaOH –10.0; (NH4)2HEDPA – 2.0; carboxymethylcellulose-
0.5; PVA – 11.5; Lignin – 6.8 

Carbon steel 
Stainless steel 

Aluminum 

17.6 
12.6 
29.2 

3 H2SO4 – 9.2; H3PO4 – 8.4; NH4F – 3.0; PVA – 12.0 
Lignin – 8.6 

Carbon steel 
Stainless steel 

37.8 
38.1 

4 H2SO4 – 9.2; H3PO4 – 8.4; NH4F – 3.0; PVA – 12.0; 
Lignin – 21.0 

Carbon steel 
Stainless steel 

Aluminum 

12.2 
22.4 
16.8 

5 H3PO4 – 10.0; HEDPA – 1.0; Tartaric acid – 3.0; PVA – 12.0; 
Lignin – 4.7 

Carbon steel 
Stainless steel 

27.9 
30.8 

6 H3PO4 – 10.0; HEDPA – 1.0; Tartaric acid – 3.0; PVA – 12.0; 
Lignin – 9.2 

Carbon steel 
Stainless steel 

Aluminum 

25.0 
29.2 
26.6 

7 H2SO4 – 9.2; H3PO4 – 8.4; Tartaric acid – 3.0; PVA – 12.0; 
Lignin – 5.8 

Carbon steel 
Stainless steel 

7.8 
21.5 

8 H2SO4 – 9.2; H3PO4 – 8.4; Tartaric acid – 3.0; PVA – 12.0; 
Lignin – 12.3 

Carbon steel 
Stainless steel 

Aluminum 

8.9 
23.8 
13.5 

Table 6. Decontamination by absorbent clinoptilolite 

No Chemical and the composition (%) 
Material to be 

decontaminated 
DF 

1 NaOH –10.0; (NH4)2HEDPA – 2.0; 
carboxymethylcellulose-0.5; PVA – 11.5; 
clinoptilolite – 3.0 

Carbon steel 
Stainless steel 

30.9 
44.9 

2 NaOH –10.0; (NH4)2HEDPA – 2.0 
carboxymethylcellulose-0.5; PVA – 11.5; 
clinoptilolite – 9.7 

Carbon steel 
Stainless steel 

Aluminum 

31.3 
56.8 
35.8 

3 H2SO4 – 9.2; H3PO4 – 8.4; NH4F – 3.0 
PVA – 12.0; clinoptilolite – 5.2 

Carbon steel 
Stainless steel 

10.8 
24.6 

4
H2SO4 – 9.2; H3PO4 – 8.4; NH4F – 3.0 
PVA – 12.0; clinoptilolite – 12.6 

Carbon steel 
Stainless steel 

Aluminum 

14.6 
30.9 
19.8 

5 H3PO4 – 10.0; HEDPA – 1.0; Tartaric acid – 3.0; PVA – 12.0; 
clinoptilolite – 4.3 

Carbon steel 
Stainless steel 

34.6 
40.6 

6 H3PO4 – 10.0; HEDPA – 1.0; Tartaric acid – 3.0; PVA – 12.0; 
clinoptilolite – 10.1 

Carbon steel 
Stainless steel 

33.8 
48.2 

7 H2SO4 – 9.2; H3PO4 – 8.4; Tartaric acid – 3.0; PVA – 12.0; 
clinoptilolite – 4.9 

Carbon steel 
Stainless steel 

15.4 
28.6 

8
H2SO4 – 9.2; H3PO4 – 8.4; Tartaric acid – 3.0; PVA – 12.0; 
clinoptilolite – 14.3 

Carbon steel 
Stainless steel 

Aluminium 

18.7 
42.4 
21.2 

Table 5 shows the use of mixture of strippable coating and absorbent lignin and Table 6 mixture of 
strippable coating and absorbent clinoptilolite. The result of the research shows that clinoptilolite 
absorbent is better than lignin absorbent in all compositions. However for the decontamination of type 
B material, both absorbents can be used. Whereas, the use of acid gives no significant difference. 

From the data on Table 5, the use of strippable coating with composition of 10.0% phosphoric, 1.0% 
HEDPA, 3.0% tartaric acid, 12.0% polyvinyl alcohol and 4.3% clinoptilolite absorbent is the best to 
be applied on this puspose.  Using this, the decontamination factor can be as much as 34.6 for carbon 
steel and 40.6 for stainless steel. 

5. Conclusion
Two methods that can be applied to the in situ decontamination are mechanical methods with surface 
cleaning methods and strippable coating methods. In the strippable coating methods, the use of lignin 
and clinoptilolite absorbent can be applied to the in situ decontamination. The use of a mixture of 
phosphoric acid 10.0%, HEDPA 1.0%, tartaric acid 3.0%, polyvinyl alcohol 12.0% and absorbent 
clinoptilolite 4.3% is very effective to be applied for the decontamination of equipment/components 
type B of the URS-PRFP. 
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Lessons learned from decommissioning experience in Mos SIA Radon 

 S.A. Dmitriev, A.S. Barinov, V.G. Safronov , V.A. Salikov, S.V. Mikheykin   
 Moscow State Unitarian Enterprise, 

 United Ecological and Technological and Scientific Research Center “Radon” (Mos SIA 
“Radon”)

 Moscow,  
 Russian Federation 

Abstract: The Center of Radioactive Waste Transportation and Emergency Works was established at Mos 
SIA Radon in 1994.  The Center is responsible for: preparation of decontamination plans and decision making for 
site decontamination, developing of advanced decontamination techniques, full scale decontamination service for 
sites located in the Central Part of Russian Federation, and waste transportation.  

Its main tasks are: 

� Removal of radioactive wastes (RAW); 
� Cleanup of radioactive contamination; 
� Transportation of RAW and spent radioactive sources; 
� Radiation control and inspections; 
� Decontamination, dismantling and decommissioning of contaminated facilities and sites; 
� Decontamination/ laundering of protective clothes; 
� Development of new decontamination/demolishing methods. 

Its achievements since 1994 include: 

� More than 650 historical sites decontaminated; 
� More than 23000 cubic meters of radwastes transported for treatment and stoage; 
� More than 800 emergency calls; 
� More than 10 industrial/research sites decommissioned.  

Figure 1. Shows the Organizational structure of the Center and its interaction with Government of 
Moscow
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1. Equipment for decontamination and dismantling  
Equipment used in D&D activities include the following: 

1. Robotics complex "Brokk-180"; 
2. Truck with manipulator (Fig. 2); 
3. Mobile sanitary post (Fig. 3); 
4. Mobile repair depot; 
5. Front acting shovel; 
6. Earth-moving machine; 
7. Special trucks for radwaste transportation (Fig. 4); 
8. Plasma cutting torch (Alplas 2.2) for cutting/dismantling of contaminated equipment, ventilation 

systems etc;  
9. Industrial vacuum cleaner (Makita-440) for removal of radioactive dust; 
10. Angle grinder (BOSCH 23-230 J) completed with vacuum cleaner for cutting/dismantling of 

contaminated equipment, ventilation systems etc;  
11. High pressure cleaner/sandblaster (KRANZLE 195 TS T).  for decontamination using water and 

water-surfactants solutions (Fig. 5);  
12. “Bosh” hot air guns – for removal of contaminated;  
13. Handy electrical tools modified for operations with radioactive substances (connected with 

industrial vacuum cleaner) (Figures 6-7). 

Figure 2. The truck with the 
manipulator and robotics 
complex "Brokk-180 

Figure 3. Mobile sanitary post Figure 4. Special truck for 
radwaste transportation 

Figure 5. High pressure 
cleaner/sandblaster

Figure 6. Hammers with dust 
suppression system and filters 

Figure 7. Modified electrical 
scrabblers for removal of 
contaminated  plaster 

2. Mos SIA Radon Decommissioning experience. 

2.1. Industrial facility in Moscow 
The decontamination works spent at that facility included: 

� Radiation inspection of territory and buildings;  
� Decommissioning plan; 
� Preparatory activities; 
� Decontamination and remediation of territory; 
� Decontamination/demolishing of buildings and equipment; 
� Gamma-spectrometry;   
� Fragmentation/cutting and packaging of radwaste for transportation;  
� Monitoring during and after works; 
� Transportation of RAW to Mos SIA Radon Facility for treatment and long-term storage. 

Thirty-two buildings of industrial facility were Moscow were inspected and decontaminated in 1999-2003. 
Approximately 400 m3 of radioactive wastes from 17 buildings and nearby territory was accumulated, 
packaged and transported for treatment and storage. Seven buildings were demolished after 
decontamination, non-radioactive wastes transported to the municipal waste repository. The main 
contaminants are 232Th and 226Ra.

The contaminated materials include: 

� Building structures, scrap metal, equipment; 
� A bulk building material inside concrete structures (floors, walls);   
� Contaminated soils on surface or under concrete floors, asphalt cover. 

The successful large-scale decontamination allowed implementation of methodologies, organizational 
approaches and optimal interactions of multi-institutional team at the nuclear site decontamination project.  
During these works new decontamination technologies have been developed and upgraded and broad 
experience obtained on rehabilitation of heavily contaminated territories. 

During D&D works at the facility high decontamination factors (DF) were reach - gamma rates were 
reduced to natural background. Decontamination works on radioactive contamination sites were carried 
out to depth up to 1 m with manual sorting of soil. Spots with the removed soil were replaced by clean soil 
or concreted one subsequently asphalted. Gamma dose rates decreased to natural background, averaging 
0.15±0.03 �Sv/h, reaching at few spots the maximal values of 0.27±0.05 �Sv/h. After decontamination the 
individual effective dose due to external irradiation of workers of this facility will not exceed 0.3 
mSv/year. 

The advantage of these activities is full scale safe decontamination of site; decommissioning was 
employed in the highly populated area of Moscow megalopolis. Disadvantages were minimized through 
highly effective remote control and special decontamination equipment.  

2.2. Radiochemical laboratory (RChL) 
The radiochemical laboratory operated in Moscow in the period from late 1966 to 1980s. It included: 7 hot 
cells, service room of 240 m2; 15 rooms etc.   

The following factors and specifications were taken into account: 

� The RChL Building had to be reconstructed without changing the design of the ground floor; 

� Decontamination of service rooms for hot cells had to be made without dismantling of the process 
equipment, lines of communications; 
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1. Equipment for decontamination and dismantling  
Equipment used in D&D activities include the following: 

1. Robotics complex "Brokk-180"; 
2. Truck with manipulator (Fig. 2); 
3. Mobile sanitary post (Fig. 3); 
4. Mobile repair depot; 
5. Front acting shovel; 
6. Earth-moving machine; 
7. Special trucks for radwaste transportation (Fig. 4); 
8. Plasma cutting torch (Alplas 2.2) for cutting/dismantling of contaminated equipment, ventilation 

systems etc;  
9. Industrial vacuum cleaner (Makita-440) for removal of radioactive dust; 
10. Angle grinder (BOSCH 23-230 J) completed with vacuum cleaner for cutting/dismantling of 

contaminated equipment, ventilation systems etc;  
11. High pressure cleaner/sandblaster (KRANZLE 195 TS T).  for decontamination using water and 

water-surfactants solutions (Fig. 5);  
12. “Bosh” hot air guns – for removal of contaminated;  
13. Handy electrical tools modified for operations with radioactive substances (connected with 

industrial vacuum cleaner) (Figures 6-7). 

Figure 2. The truck with the 
manipulator and robotics 
complex "Brokk-180 

Figure 3. Mobile sanitary post Figure 4. Special truck for 
radwaste transportation 

Figure 5. High pressure 
cleaner/sandblaster

Figure 6. Hammers with dust 
suppression system and filters 

Figure 7. Modified electrical 
scrabblers for removal of 
contaminated  plaster 

2. Mos SIA Radon Decommissioning experience. 
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0.15±0.03 �Sv/h, reaching at few spots the maximal values of 0.27±0.05 �Sv/h. After decontamination the 
individual effective dose due to external irradiation of workers of this facility will not exceed 0.3 
mSv/year. 

The advantage of these activities is full scale safe decontamination of site; decommissioning was 
employed in the highly populated area of Moscow megalopolis. Disadvantages were minimized through 
highly effective remote control and special decontamination equipment.  

2.2. Radiochemical laboratory (RChL) 
The radiochemical laboratory operated in Moscow in the period from late 1966 to 1980s. It included: 7 hot 
cells, service room of 240 m2; 15 rooms etc.   

The following factors and specifications were taken into account: 

� The RChL Building had to be reconstructed without changing the design of the ground floor; 

� Decontamination of service rooms for hot cells had to be made without dismantling of the process 
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� Decontamination works were carried out simultaneously with reconstruction of the building.
The effective dose rate by definition of Russian Norms of Radiation Safety 1999 edition (NRB-99)  
should not exceed on a workplace 0.5 �Sv/h assuming 2000 working  hours/year (paragraph 4.2. 
NRB-99). Alpha-contamination is not considered. When achieving of specified decontamination 
proved to be impossible, engineering barriers had to be built. 

The analysis of contamination and its penetration into construction of materials showed, that the 
requirement of dismantling of the equipment contradicts the requirement of preservation of the building 
design. This implied the construction of additional barriers for sealing of contamination. These rooms 
were isolated for next 50 years. 

Highly contaminated areas were decontaminated in the hot cells service rooms; chemical agents, old 
containers, scrap, tools, laboratory ware, ventilation system, boxes, pipes etc., with high levels of 
contamination were treated as radwaste, packaged and transported to Mos SIA Radon  for conditioning 
and long-term storage. The maximal levels of contamination were reduced from 680�Sv+5�Sv/h in a 
room N 3; from 20 �Sv/h to 0.5 �Sv/h in room N 1; from 30�Sv/h �R/h up to 0.4 �R/h in rooms  NN 37, 
38, and 39. On the average exposure rates were reduced 30-130 times. 

Highlights of this project include the analysis of records and data received during pre-project surveys; 
successful decontamination of the building and its temporary closing-down for 50 years. 

2.3. Industrial Facility in the Vladimir region
The former industrial facility located in Vladimir region included a building (2 floors, in total 1220 m2,
included 900 m2  at ground floor and 320 m2 at second floor) contaminated with 226Ra and contaminated 
territory around the building (Fig. 8).   

Figure 8. Building N 14 

The building N 14 was built and commissioned in the early 1950s for fabrication of luminescent mixtures 
using soluble bromide of 226Ra and sulfide of zinc activated by copper. The production rate of the facility 
was 4.0 kg luminescent mixtures per day. During the manufacture, radioactive substances were either in 
solid state, water solutions or dusts.  Production was effected in glove boxes and "hot" cells. The building 
was equipped with local exhaust ventilation and air filters mobile protection devices; wells - storehouses ( 
2 m deep) for storage of raw material, semi finished and finished production;  systems of horizontal and 
vertical transportation. 

In the late 1980s manufacturing ceased, and the building was sealed. A preliminary decontamination was 
made in the early 1990s.  Contaminated areas of 210 m2 had gamma dose rates up to 280�Sv/h; alpha-
particles up to 17700 particles / cm2 •minute were detected in the building 

Contaminated materials included metal pipes, ventilation boxes, wooden items and constructions materials 
locking etc.), equipment (fans, mobile protection devices, exhaust boxes), linoleum, contaminated ground, 
exhaust ventilation pipes, stack. Contaminations penetrate into concrete floor to depth up to 0.4 m. The 
main radionuclide was 226Ra.

Decommissioning criteria for building N14 and nearby areas were developed by Central State Sanitary-
Epidemiological Inspection of Vladimir Region in 2001.  

Table 1. Criteria of decontamination completeness 

�  Criteria Unit 
territory rooms 

1 Gamma radiation �R/h  (�Sv/h) 60 (0.54) 60 (0.54)

2 Surface beta contamination, fixed   Bg/�m2

none 50 

3 Surface beta contamination, non-
fixed

Bg/�m2

none none 

4 Surface alpha contamination, fixed  Bg/�m2

none 5 

5 Surface alpha contamination, non-
fixed

Bg/�m2

none none 

2.3.1.  Preparatory stage
This phase include development of decontamination plan; preparation of tools; division of contaminated 
and clean rooms into “hot” zone and ”clean” zone equipped with sanitary/dosimetry control, cloakrooms 
for protective clothes and showers. 

2.3.2.  Carrying out of preliminary decontamination/ fixing of radioactive contamination
Removal of non-fixed contamination, protection of the equipment, walls, floors are carried out for 
reduction of contamination of risk and to exclude risk contamination to the personnel during work. 
Surface protection was made with special paints executed with two-layer spray application of deep 
penetration material such as "Optimist" with intermediate drying of 30 minutes. 

Fixation of walls was executed with a two-layer spray of acrylic front paints. Intermediate drying of 30 
minutes was required. Contamination limits for such paints are 5 alpha-particles /min*cm2.
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for protective clothes and showers. 
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Removal of non-fixed contamination, protection of the equipment, walls, floors are carried out for 
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2.3.3.  Equipment decontamination and dismantling/cutting  
Firstly the mobile protection devices were decontaminated and cut.   Decontamination of linoleum was 
made with "BOSCH" hot air guns and cutter tools; decontamination without removal was made with 
sandblaster and high pressure equipment "KRANZLE-�195". Special barriers from polyethylene films 
and polyurethane foam «MAKROFLEX" were created for prevention of contaminated water and solutions 
spread.

2.3.4.  Decontamination and dismantle of glove boxes and laboratory tables 
Fragmentation of metal equipment and constructions  were made with plasma cutting torch (Alplas 2.2)  
and cutting tool  BOSCH 23-230 J completed with industrial vacuum cleaner (Makita-440). Wooden parts 
were cut manually and, decontaminated with portable planers.  

2.3.5.  Demolishing/fragmentation of ventilation system and stack 
The dismantling of exhaust system started with the removal of fans from air boxes. The dismantling of 
metal boxes was effected by disconnecting the flanges with no cutting to minimize aerosol formation. For 
minimization of radioactive aerosol generation, the boxes were treated first with acrylic paints dispersed 
by electric spray gun. The asbestos boxes were cut using electric cutting tools connected with industrial 
vacuum cleaner (Figure 9). 

Figure 9. Dismantling of the ventilation system 

Figure 10. The stack dismantling

The contaminated stack was dismantled with use of a truck crane "KATO" (arrow - 30 m). The stack was 
grasped by crane and cut off at the basis by plasma cutting torch. All stack parts were smoothly laid down 
to prepared places on ground. Fragmentation was carried out on flange connections and using  plasma 
cutting torch on big parts.  

2.3.6.  Decontamination of walls, floor, batten  
For removal of contaminated paint hot guns were used. A jackhammer and manual scabbler modified with 
vacuum cleaner were used for removal of a layer of contaminated plaster.  For disassembly of a wooden 
batten an electric saw was used with and portable planers with vacuum cleaner system. Decontamination 
of batten was carried out by planting of the top layer to depth no less than 3 mm and cuts of 10 mm from 
both edges. 

More than 500 m3 of solid radioactive waste were transported to Mos SIA Radon facility for long-term 
storage. This project will be completed in 2006.  

Radiation monitoring showed no abnormal events or radioactive releases into the environment during the 
all D&D work. 

3. Lessons learned 
The lessons learned in State Unitary Enterprise Mos NPO "Radon" confirms the general view that  D&D  
work should be different in different  projects, there are no universal techniques or methods. At the same 
time it is necessary to pay attention to similar problems and solutions.

3.1. Historical record. 
There are no adequate records in the case of 50+year old contaminated items. Each building, room, glove 
box, hot cell is an “unknown object” and full scale surveys of contamination levels and building 
constructions details are essential. A great deal of time is taken for decontamination due to the searching 
and assessing of information.  

3.2. Modification of commercial tools and chemicals or  polymeric agents 
Modified commercial tools and equipment, or commercial chemicals are applied widely to minimize  
decontamination/demolishing cost. For example, commercial tools are modified equipped with vacuum 
cleaners for removal and filtration of radioactive aerosols. This may be useful to save money but ad hoc 
designed equipment and tools are more effective.   

Normally for protection of contaminated surfaces we used special polymeric protective/decontaminatable 
strippable coatings reinforced with cotton. To minimize costs, it is possible to use commercial polymeric 
films, commercial foam or alkyd/acrylic paints for fixation of non-fixed surface contamination (Figs. 11-
13).

Figures 11-13. Application of polyethylene films,  commercial polymeric foam and strippable coating 
for fixation or isolation  of contaminants 
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3.3. Minimization of waste volume.
Fragmentation of boxes, construction materials etc on-site allows to minimize waste volumes transported 
long distance. Radwastes are packaged on-site into 200 l drums or special casks and transported to Mos 
SIA Radon for treatment and long-term storage (Figures 14-15).  

Figures 14-15. Radioactive wastes loading and 
transportation 

3.4. The typical approaches to decontamination 
� First and foremost: removal of non-radioactive trash from the rooms; segregation of building to the 

"clean" and "dirty" zones; installation of sanitary and dosimetry posts;  

� Rebuilding of missing electrical, water and exhaust ventilation systems; 

� Decontamination of non-fixed contamination or its fixation with polymers or paints; 

� Decontamination of walls and floors begins from the highest levels of contamination;  

� Decontamination of multi-storey buildings begins from the upper level and moves to downwards. 
Large-sized equipment should be decontaminated and fragmented as far as possible to minimize the 
volume of radioactive wastes to be stored; 

� Radiological checks and sorting of wastes to radioactive and non-radioactive is essential at all 
stages of decontamination and demolishing;  

� Modified commercial tools can be used to reduce decontamination/demolishing cost; 

� Water or solutions of special polymers should be used for radioactive dust suppression during 
demolishing of concrete or bricks. This is also applicable to the handling of radioactive wastes. 

3.5. The typical D&D flow chart 
A.  Searching, collecting and analyzing records and all available data  

B.  Project development  

� Monitoring, environmental requirements, site characterization; 

� Setup of decontamination criteria, safety requirements, interaction with regulatory body, local 
administration and stakeholders: what to do next?; 

� Technology/equipment/chemicals selection, modification of commercial products; 

� Safety requirements; 

� Risk assessment; 

� Assessment of secondary waste generation. 

C. Project expertise/concurrence: regulatory body, local administration and stakeholders 

D.  Decontamination 

Preparation of site for decontamination training; 

Pre-decontamination or contamination fixation with polymers or paints; 

Removal of waste/trash; 

Decontamination and dismantling of heavy equipment; 

Decontamination /demolishing of building; 

Site remediation, assessment of environment impact; 

Monitoring (during of all D&D activities) 

E. Final survey and termination of works. Reports to regulatory body, local administration and 
stakeholders.

REFERENCES 
[1] Safety Barrier �2 2004, pp 22-25 (In Russian) 

[2]  Safety Barrier �2 2004, pp 28-30 (In Russian) 

[3]  Safety Barrier �2 2004, pp 30-31 (In Russian) 

Athens - Book of Contributed Papers A4.indd   584 2006-11-06   14:23:47



585

3.3. Minimization of waste volume.
Fragmentation of boxes, construction materials etc on-site allows to minimize waste volumes transported 
long distance. Radwastes are packaged on-site into 200 l drums or special casks and transported to Mos 
SIA Radon for treatment and long-term storage (Figures 14-15).  

Figures 14-15. Radioactive wastes loading and 
transportation 

3.4. The typical approaches to decontamination 
� First and foremost: removal of non-radioactive trash from the rooms; segregation of building to the 

"clean" and "dirty" zones; installation of sanitary and dosimetry posts;  

� Rebuilding of missing electrical, water and exhaust ventilation systems; 

� Decontamination of non-fixed contamination or its fixation with polymers or paints; 

� Decontamination of walls and floors begins from the highest levels of contamination;  

� Decontamination of multi-storey buildings begins from the upper level and moves to downwards. 
Large-sized equipment should be decontaminated and fragmented as far as possible to minimize the 
volume of radioactive wastes to be stored; 

� Radiological checks and sorting of wastes to radioactive and non-radioactive is essential at all 
stages of decontamination and demolishing;  

� Modified commercial tools can be used to reduce decontamination/demolishing cost; 

� Water or solutions of special polymers should be used for radioactive dust suppression during 
demolishing of concrete or bricks. This is also applicable to the handling of radioactive wastes. 

3.5. The typical D&D flow chart 
A.  Searching, collecting and analyzing records and all available data  

B.  Project development  

� Monitoring, environmental requirements, site characterization; 

� Setup of decontamination criteria, safety requirements, interaction with regulatory body, local 
administration and stakeholders: what to do next?; 

� Technology/equipment/chemicals selection, modification of commercial products; 

� Safety requirements; 

� Risk assessment; 

� Assessment of secondary waste generation. 

C. Project expertise/concurrence: regulatory body, local administration and stakeholders 

D.  Decontamination 

Preparation of site for decontamination training; 

Pre-decontamination or contamination fixation with polymers or paints; 

Removal of waste/trash; 

Decontamination and dismantling of heavy equipment; 

Decontamination /demolishing of building; 

Site remediation, assessment of environment impact; 

Monitoring (during of all D&D activities) 

E. Final survey and termination of works. Reports to regulatory body, local administration and 
stakeholders.

REFERENCES 
[1] Safety Barrier �2 2004, pp 22-25 (In Russian) 

[2]  Safety Barrier �2 2004, pp 28-30 (In Russian) 

[3]  Safety Barrier �2 2004, pp 30-31 (In Russian) 

Athens - Book of Contributed Papers A4.indd   585 2006-11-06   14:23:47



Topical Session 7 

SOCIAL AND ECONOMIC IMPACTS 

Athens - Book of Contributed Papers A4.indd   586 2006-11-06   14:23:52



Topical Session 7 

SOCIAL AND ECONOMIC IMPACTS 

Athens - Book of Contributed Papers A4.indd   587 2006-11-06   14:23:52



IAEA-CN-143/25 

Training practices to support decommissioning of nuclear facilities  

J. Bourassaa, C.R. Clarkb, A. Kazennovb, M. Laraia c, M. Rodriguezd, A. Scotte,
J. Yoder f

a Connecticut Yankee Atomic Power Company, USA 
b Division of Nuclear Power, IAEA 
c Division of Nuclear Fuel Cycle and Waste Technology, IAEA 
d Empresa Nacional de Residuos Radioactivos (ENRESA), Spain 
e RWE Nukem Ltd., the United Kingdom 
f IAEA Consultant, USA

Abstract. Adequate numbers of competent personnel must be available during any phase of a nuclear 
facility life cycle, including the decommissioning phase. While a significant amount of attention has been 
focused on the technical aspects of decommissioning and many publications have been developed to address 
technical aspects, human resource management issues, particularly the training and qualification of 
decommissioning personnel, are becoming more paramount with the growing number of nuclear facilities of all 
types that are reaching or approaching the decommissioning phase. One of the keys to success is the training of 
the various personnel involved in decommissioning in order to develop the necessary knowledge and skills 
required for specific decommissioning tasks. The operating organisations of nuclear facilities normally possess 
limited expertise in decommissioning and consequently rely on a number of specialized organisations and 
companies that provide the services related to the decommissioning activities. Because of this there is a need to 
address the issue of assisting the operating organisations in the development and implementation of human 
resource management policies and training programmes for the facility personnel and contractor personnel 
involved in various phases of decommissioning activities. The lessons learned in the field of ensuring personnel 
competence are discussed in the paper (on the basis of information and experiences accumulated from various 
countries and organizations, particularly, through relevant IAEA activities). Particularly, the following aspects 
are addressed: transition of training from operational to decommissioning phase; knowledge management; target 
groups, training needs analysis, and application of a systematic approach to training (SAT); content of training 
for decommissioning management and professional staff, and for decommissioning workers; selection and 
training of instructors; training facilities and tools; and training as the integral part of management of human 
resources. 

1. Introduction 
Adequate numbers of competent personnel must be available during any phase of a nuclear facility life 
cycle, including the decommissioning phase. While a significant amount of attention has been focused 
on the technical aspects of decommissioning and many publications have been developed to address 
technical aspects, human resource management issues, particularly the training and qualification of 
decommissioning personnel, are becoming more paramount with the growing number of nuclear 
facilities of all types that are reaching or approaching the decommissioning phase. 

References [1] to [4] serve as the useful sources for acquiring information on both technical and 
management aspects of decommissioning. References [5] to [12] provide guidance and good practices 
in the field of nuclear facility personnel training, human resource management, human performance 
improvement and knowledge management. 

On the basis of nuclear facility decommissioning experiences accumulated from various countries and 
organizations, particularly, through relevant IAEA activities, the lessons learned in ensuring 
competence of personnel involved in the decommissioning activities are discussed in this paper. In 
particular, the lessons learned and good practices accumulated through the development of a new 
IAEA technical document ‘Training Practices to Support Decommissioning of Nuclear Facilities’ 
prepared for publication in 2006, are summarized in this paper. 
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Abstract. Adequate numbers of competent personnel must be available during any phase of a nuclear 
facility life cycle, including the decommissioning phase. While a significant amount of attention has been 
focused on the technical aspects of decommissioning and many publications have been developed to address 
technical aspects, human resource management issues, particularly the training and qualification of 
decommissioning personnel, are becoming more paramount with the growing number of nuclear facilities of all 
types that are reaching or approaching the decommissioning phase. One of the keys to success is the training of 
the various personnel involved in decommissioning in order to develop the necessary knowledge and skills 
required for specific decommissioning tasks. The operating organisations of nuclear facilities normally possess 
limited expertise in decommissioning and consequently rely on a number of specialized organisations and 
companies that provide the services related to the decommissioning activities. Because of this there is a need to 
address the issue of assisting the operating organisations in the development and implementation of human 
resource management policies and training programmes for the facility personnel and contractor personnel 
involved in various phases of decommissioning activities. The lessons learned in the field of ensuring personnel 
competence are discussed in the paper (on the basis of information and experiences accumulated from various 
countries and organizations, particularly, through relevant IAEA activities). Particularly, the following aspects 
are addressed: transition of training from operational to decommissioning phase; knowledge management; target 
groups, training needs analysis, and application of a systematic approach to training (SAT); content of training 
for decommissioning management and professional staff, and for decommissioning workers; selection and 
training of instructors; training facilities and tools; and training as the integral part of management of human 
resources. 

1. Introduction 
Adequate numbers of competent personnel must be available during any phase of a nuclear facility life 
cycle, including the decommissioning phase. While a significant amount of attention has been focused 
on the technical aspects of decommissioning and many publications have been developed to address 
technical aspects, human resource management issues, particularly the training and qualification of 
decommissioning personnel, are becoming more paramount with the growing number of nuclear 
facilities of all types that are reaching or approaching the decommissioning phase. 

References [1] to [4] serve as the useful sources for acquiring information on both technical and 
management aspects of decommissioning. References [5] to [12] provide guidance and good practices 
in the field of nuclear facility personnel training, human resource management, human performance 
improvement and knowledge management. 

On the basis of nuclear facility decommissioning experiences accumulated from various countries and 
organizations, particularly, through relevant IAEA activities, the lessons learned in ensuring 
competence of personnel involved in the decommissioning activities are discussed in this paper. In 
particular, the lessons learned and good practices accumulated through the development of a new 
IAEA technical document ‘Training Practices to Support Decommissioning of Nuclear Facilities’ 
prepared for publication in 2006, are summarized in this paper. 
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Lesson Learned 1 – Training is one of the keys to success

The operating organisations of nuclear facilities normally possess limited expertise in 
decommissioning and consequently rely on a number of specialized organisations and companies that 
provide the services related to the decommissioning activities. In some decommissioning projects, 
attention has largely focused on the technical aspects of decommissioning, with relatively little 
attention being given to personnel-related issues. One of the keys to success is the training of the 
various personnel involved in decommissioning in order to develop the necessary knowledge and 
skills required for specific decommissioning tasks. 

Lesson Learned 2 – Factors requiring consideration, which influence training requirements 

Training is one of the essential tools required to achieve a successful transition from the operating 
phase of a nuclear facility to the decommissioning phase and to implement the decommissioning 
strategy. The training requirements will, however, depend, to a large extent, on a number of factors: 

� Decommissioning strategy selected; 

� Role of the plant operator in decommissioning; 

� Period elapsing between plant shutdown and the initiation of decommissioning; 

� Foreseen duration of decommissioning; 

� New technologies related to specific decommissioning activities; 

� Necessity to re-train the personnel in relatively short periods of time in accordance with the 
decommissioning plan; 

� Existence of many one-of-a-kind unique activities; 

� Relatively small number of people in the training groups for specific activities; 

� Involvement of contractors; 

� Potential lack of experience in working in a radioactive environment; 

� Increased proportion of non-radioactive risks; 

� Possible changes in legislation/regulations reflecting in new requirements; 

� Loss of confidence in job security and future stable work opportunities compared with 
operational phase. 

Lesson Learned 3 – Prepare staff for reassignments

The transition from the operating phase to the decommissioning phase implies a very relevant change, 
not only with respect to the nature of the activities to be performed but also with respect to the context 
in which they are performed. It is common for this transition to be accompanied by a modification to 
the organisation, in order to adapt it to the new activities and objectives. In addition to the 
organisational changes, there may be reassignments of personnel to new job positions, some of them 
not previously existing during the operating phase; and also the incorporation of external personnel 
belonging to subcontracted companies. The changes to the organisation should be suitably planned and 
managed, such that the best possible organisation and assignment of personnel to job positions is 
achieved. Operating staff – working previously for a long time in their positions during the operating 
phase – may experience significant difficulties in this transition. Operating organization management 
should implement a set of measures to communicate policies to the staff; to make an adequate 
selection of the best profiles for each job post, from among either the operator’s personnel or those of 
third-party companies; to maintain positive attitudes of the personnel; and to identify the training 
needs of the personnel. 

Lesson Learned 4 – Planning for knowledge retention and training while managing the workforce

The appropriate use of operating personnel knowledge of the facility and its systems is invaluable for 
successful performance of decommissioning activities. It is particularly important to have insight 
beforehand of the expectations of the personnel, especially with regard to their interest in possible 
early retirement options, changing companies, or changing their job post within the company. Active 
involvement and communication between the company and employees in considering these options 
may contribute to a better working environment and a more efficient organisation. As a result of early 
retirement due to the advanced age of the workforce and the support received from the organisation, 
and of a delay before the initiation of decommissioning, a significant number of personnel may be 
replaced by personnel from other companies. This leads to the need for an ambitious policy of know-
how retention and to an increased amount of training that will need to be provided. 

Lesson Learned 5 – Special attention to the competence of the Management Team

Special attention should be paid to the selection and competence building of the management team for 
this new - decommissioning - phase, in order to ensure the availability of the necessary number of 
qualified individuals, because of the magnitude of the changes implied by decommissioning. The 
following factors should be considered: 

� The decommissioning project needs to be managed in the same way as an engineering project, 
with risks identified and objectives that are clearly identified and mapped out in terms of time, 
safety, cost, and quality. Good project management is the cornerstone for a successful 
decommissioning project; 

� The activities to be managed are very dynamic and require rapid and creative decision-making; 

� Processes will need to be established that allow for the efficient and rapid dissemination of 
information, and that facilitate coordination between the different disciplines involved 
(multidisciplinary work performance and control groups); 

� Decision-making may require the participation, debate and consensus of a management team 
representing different points of view and specialities (technical, organisational and 
communication skills). 

Lessons Learned 6 – Essential relationships between resource management, attitudes, motivation, 
training, change management, and human performance

Once the organisation undertaking the decommissioning has been defined and the decommissioning 
itself has been initiated, the management team needs to provide supervision of the personnel who 
occupy relevant job positions in the organisation. This is necessary so that maximum personnel 
performance may be obtained regardless of whether the personnel belong to the plant operator or other 
companies. 

It is common for the personnel belonging to the plant operator, to typically experience the following 
conditions which affect their general attitude to the decommissioning work: 

� Uncertainty of their professional future; 

� Lack of stimulus or motivation, because of approaching retirement, or the possible elimination 
or changes to job functions; 

� Insecurity, on changing from performance of a well known activity to a new one; 

� Interest in prolonging the duration of the work packages; 

� Underutilization of experienced personnel and their “know-how” not being made use of; 

� Scepticism of the ability of the organisation to perform the work. 
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Lesson Learned 1 – Training is one of the keys to success

The operating organisations of nuclear facilities normally possess limited expertise in 
decommissioning and consequently rely on a number of specialized organisations and companies that 
provide the services related to the decommissioning activities. In some decommissioning projects, 
attention has largely focused on the technical aspects of decommissioning, with relatively little 
attention being given to personnel-related issues. One of the keys to success is the training of the 
various personnel involved in decommissioning in order to develop the necessary knowledge and 
skills required for specific decommissioning tasks. 

Lesson Learned 2 – Factors requiring consideration, which influence training requirements 

Training is one of the essential tools required to achieve a successful transition from the operating 
phase of a nuclear facility to the decommissioning phase and to implement the decommissioning 
strategy. The training requirements will, however, depend, to a large extent, on a number of factors: 

� Decommissioning strategy selected; 

� Role of the plant operator in decommissioning; 

� Period elapsing between plant shutdown and the initiation of decommissioning; 

� Foreseen duration of decommissioning; 

� New technologies related to specific decommissioning activities; 

� Necessity to re-train the personnel in relatively short periods of time in accordance with the 
decommissioning plan; 

� Existence of many one-of-a-kind unique activities; 

� Relatively small number of people in the training groups for specific activities; 

� Involvement of contractors; 

� Potential lack of experience in working in a radioactive environment; 

� Increased proportion of non-radioactive risks; 

� Possible changes in legislation/regulations reflecting in new requirements; 

� Loss of confidence in job security and future stable work opportunities compared with 
operational phase. 

Lesson Learned 3 – Prepare staff for reassignments

The transition from the operating phase to the decommissioning phase implies a very relevant change, 
not only with respect to the nature of the activities to be performed but also with respect to the context 
in which they are performed. It is common for this transition to be accompanied by a modification to 
the organisation, in order to adapt it to the new activities and objectives. In addition to the 
organisational changes, there may be reassignments of personnel to new job positions, some of them 
not previously existing during the operating phase; and also the incorporation of external personnel 
belonging to subcontracted companies. The changes to the organisation should be suitably planned and 
managed, such that the best possible organisation and assignment of personnel to job positions is 
achieved. Operating staff – working previously for a long time in their positions during the operating 
phase – may experience significant difficulties in this transition. Operating organization management 
should implement a set of measures to communicate policies to the staff; to make an adequate 
selection of the best profiles for each job post, from among either the operator’s personnel or those of 
third-party companies; to maintain positive attitudes of the personnel; and to identify the training 
needs of the personnel. 

Lesson Learned 4 – Planning for knowledge retention and training while managing the workforce

The appropriate use of operating personnel knowledge of the facility and its systems is invaluable for 
successful performance of decommissioning activities. It is particularly important to have insight 
beforehand of the expectations of the personnel, especially with regard to their interest in possible 
early retirement options, changing companies, or changing their job post within the company. Active 
involvement and communication between the company and employees in considering these options 
may contribute to a better working environment and a more efficient organisation. As a result of early 
retirement due to the advanced age of the workforce and the support received from the organisation, 
and of a delay before the initiation of decommissioning, a significant number of personnel may be 
replaced by personnel from other companies. This leads to the need for an ambitious policy of know-
how retention and to an increased amount of training that will need to be provided. 

Lesson Learned 5 – Special attention to the competence of the Management Team

Special attention should be paid to the selection and competence building of the management team for 
this new - decommissioning - phase, in order to ensure the availability of the necessary number of 
qualified individuals, because of the magnitude of the changes implied by decommissioning. The 
following factors should be considered: 

� The decommissioning project needs to be managed in the same way as an engineering project, 
with risks identified and objectives that are clearly identified and mapped out in terms of time, 
safety, cost, and quality. Good project management is the cornerstone for a successful 
decommissioning project; 

� The activities to be managed are very dynamic and require rapid and creative decision-making; 

� Processes will need to be established that allow for the efficient and rapid dissemination of 
information, and that facilitate coordination between the different disciplines involved 
(multidisciplinary work performance and control groups); 

� Decision-making may require the participation, debate and consensus of a management team 
representing different points of view and specialities (technical, organisational and 
communication skills). 

Lessons Learned 6 – Essential relationships between resource management, attitudes, motivation, 
training, change management, and human performance

Once the organisation undertaking the decommissioning has been defined and the decommissioning 
itself has been initiated, the management team needs to provide supervision of the personnel who 
occupy relevant job positions in the organisation. This is necessary so that maximum personnel 
performance may be obtained regardless of whether the personnel belong to the plant operator or other 
companies. 

It is common for the personnel belonging to the plant operator, to typically experience the following 
conditions which affect their general attitude to the decommissioning work: 

� Uncertainty of their professional future; 

� Lack of stimulus or motivation, because of approaching retirement, or the possible elimination 
or changes to job functions; 

� Insecurity, on changing from performance of a well known activity to a new one; 

� Interest in prolonging the duration of the work packages; 

� Underutilization of experienced personnel and their “know-how” not being made use of; 

� Scepticism of the ability of the organisation to perform the work. 
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In order to mitigate the possible negative effects of such attitudes, it is advisable to plan and 
implement change management policies and practices aimed at motivating the personnel, among 
which the following are examples: 

� Spread the vision of a new stage / new project as important and as much in need of qualified 
personnel as the previous one (personal and collective challenge); 

� Whenever the circumstances allow, offer professional opportunities in the field of 
decommissioning (emerging activity); 

� Train and qualify personnel to respond to the fresh challenges presented; 

� Facilitate mobility between job positions, allowing people to find the best fit position; 

� Award new responsibilities such as supervisory responsibilities for other workers; 

� Promote employment or the performance of practical interventions among the direct family of 
the employees (children); 

� Facilitate integration into multidisciplinary teams promoting the development of new skills 
(including contractors) where personal experience is appreciated; 

� Link the departure of personnel wishing to leave the organisation to the achievement of specific 
project objectives; 

� Implement a policy of evaluation (remuneration, performance awards) based on meeting project 
objectives. 

It is important that people having positions of responsibility in the organisation have a suitable level of 
motivation and be capable of transmitting this to the rest of the work force. In this respect, it is 
necessary to provide them with specific training on motivation techniques. 

The following are considered good practices in change management (that, in turn, may also require 
formal or informal training to be provided): 

� Establishment, by the management team, of an open door policy throughout the organisation, 
allowing personnel concerns to be discussed openly; 

� Systematic dissemination to the organisation of information relating to the progress of 
decommissioning (on-going activities, scheduled activities, difficulties, need for coordination), 
as an essential requirement for the achievement of adequate performance; 

� Delegation of responsibility, promotion, and valuing of personal initiative; 

Experience in decommissioning projects shows a great interaction between training and human 
performance. The number of accidents or incidents directly attributable to inadequate human 
performance rapidly decreases when training is strengthened. 

As part of change management policies, the following training or worker practices are implemented: 

� Training on Human Performance Fundamentals; 

� Peer and Self Checking; 

� Observation and Coaching; 

� Interactive Approach to Pre-Job Briefings and Project Review. 

Such training and worker practices are effective tools to combat the compromised attitudes and 
mindsets. 

Lesson Learned 7 – Operational versus decommissioning activities: changes of emphasis in the 
training requirements

During the operational phase of the facility the operations are generally likely to have been routine and 
repetitive in nature (with the exception of nuclear research facilities). Any abnormal non-routine 
situations encountered are likely to have occurred several times in the operating life of the facility with 
the facility working environment fully understood and predictable. The activities undertaken during 
decommissioning, following any routine programmes of de-fuelling or facility system flushing, 
generally comprise a formal sequence of non-routine, one-of-a-kind tasks. To ensure that these tasks 
are completed with respect to safety, programme, quality, and cost considerations, it is important to 
identify the change of emphasis in the training requirements as the transition from operations to 
decommissioning occurs. Project management; safety management; environmental management; 
material handling and radioactive waste management are the examples of areas in which the training 
emphasis will change. 

Lesson Learned 8 – The need in Knowledge Management, and training as a key tool for the transfer of 
knowledge

Loss or misuse of the knowledge accumulated by a company may have negative consequences on the 
business, such as the lack of quality, the slowdown of work, and an increase in costs. Preservation of 
knowledge during all phases of a nuclear facility life cycle is important for the success of the 
decommissioning project, especially the historical operational information. Preservation of knowledge 
gained during the progress of decommissioning projects is also important for undertaking future 
decommissioning projects. 

The risk of losing knowledge, both explicit and tacit, increases with the time passed (from the time it 
was generated to the time it is needed). Information may be lost due to its deterioration or outdated 
electronic supports (paper documents, old electronic formats, etc.). Information may also be lost due to 
the retirement of qualified and knowledgeable facility staff, or because of the losses or errors produced 
during the transmission of information from one person to another. This problem directly affects the 
decommissioning of a nuclear facility that may become greater the longer the time between shutdown 
of the facility and the beginning of decommissioning. The problem is compounded by the fact that 
efforts to identify the information requirements for decommissioning are not usually an organized and 
consolidated activity and may not be appreciated by organisations operating the nuclear facility. 

Areas of knowledge to be preserved have to be identified as early as possible during the operation of 
the nuclear facility, so that continuous mechanisms for recording and storing of relevant information 
for use in the decommissioning phase can be established. 

Training is an effective and key tool to transmit information stored during the operation of the facility 
to the decommissioning organisation and its personnel. In the same way, training is also essential 
during the planning and performance of specific decommissioning tasks, particularly during the 
detailed planning of each work package, which usually relies on a sound knowledge of the 
configuration and the operational history of the systems to be dismantled. Training effectiveness can 
be greatly enhanced with the participation of personnel familiar with the operation of the facility. 
Nevertheless, to rely on training without the benefits of proper knowledge management can 
significantly reduce the ability to safely and effectively accomplish decommissioning tasks. 

Lesson Learned 9 – The need to consider all target groups requiring training

The personnel who require some form of training may generally be divided into two target groups: 

� Stakeholders - those personnel who may influence decommissioning strategies and 
requirements. This group includes senior management, licensing authorities, the public, 
members of the press (mass media). This group may require either formal or informal training. 

� Decommissioning personnel including managers, professional staff, and workers. This group of 
personnel requires a structured and disciplined approach to training, which will largely be of a 
formal nature. 
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In order to mitigate the possible negative effects of such attitudes, it is advisable to plan and 
implement change management policies and practices aimed at motivating the personnel, among 
which the following are examples: 

� Spread the vision of a new stage / new project as important and as much in need of qualified 
personnel as the previous one (personal and collective challenge); 

� Whenever the circumstances allow, offer professional opportunities in the field of 
decommissioning (emerging activity); 

� Train and qualify personnel to respond to the fresh challenges presented; 

� Facilitate mobility between job positions, allowing people to find the best fit position; 

� Award new responsibilities such as supervisory responsibilities for other workers; 

� Promote employment or the performance of practical interventions among the direct family of 
the employees (children); 

� Facilitate integration into multidisciplinary teams promoting the development of new skills 
(including contractors) where personal experience is appreciated; 

� Link the departure of personnel wishing to leave the organisation to the achievement of specific 
project objectives; 

� Implement a policy of evaluation (remuneration, performance awards) based on meeting project 
objectives. 

It is important that people having positions of responsibility in the organisation have a suitable level of 
motivation and be capable of transmitting this to the rest of the work force. In this respect, it is 
necessary to provide them with specific training on motivation techniques. 

The following are considered good practices in change management (that, in turn, may also require 
formal or informal training to be provided): 

� Establishment, by the management team, of an open door policy throughout the organisation, 
allowing personnel concerns to be discussed openly; 

� Systematic dissemination to the organisation of information relating to the progress of 
decommissioning (on-going activities, scheduled activities, difficulties, need for coordination), 
as an essential requirement for the achievement of adequate performance; 

� Delegation of responsibility, promotion, and valuing of personal initiative; 

Experience in decommissioning projects shows a great interaction between training and human 
performance. The number of accidents or incidents directly attributable to inadequate human 
performance rapidly decreases when training is strengthened. 

As part of change management policies, the following training or worker practices are implemented: 

� Training on Human Performance Fundamentals; 

� Peer and Self Checking; 

� Observation and Coaching; 

� Interactive Approach to Pre-Job Briefings and Project Review. 

Such training and worker practices are effective tools to combat the compromised attitudes and 
mindsets. 

Lesson Learned 7 – Operational versus decommissioning activities: changes of emphasis in the 
training requirements

During the operational phase of the facility the operations are generally likely to have been routine and 
repetitive in nature (with the exception of nuclear research facilities). Any abnormal non-routine 
situations encountered are likely to have occurred several times in the operating life of the facility with 
the facility working environment fully understood and predictable. The activities undertaken during 
decommissioning, following any routine programmes of de-fuelling or facility system flushing, 
generally comprise a formal sequence of non-routine, one-of-a-kind tasks. To ensure that these tasks 
are completed with respect to safety, programme, quality, and cost considerations, it is important to 
identify the change of emphasis in the training requirements as the transition from operations to 
decommissioning occurs. Project management; safety management; environmental management; 
material handling and radioactive waste management are the examples of areas in which the training 
emphasis will change. 

Lesson Learned 8 – The need in Knowledge Management, and training as a key tool for the transfer of 
knowledge

Loss or misuse of the knowledge accumulated by a company may have negative consequences on the 
business, such as the lack of quality, the slowdown of work, and an increase in costs. Preservation of 
knowledge during all phases of a nuclear facility life cycle is important for the success of the 
decommissioning project, especially the historical operational information. Preservation of knowledge 
gained during the progress of decommissioning projects is also important for undertaking future 
decommissioning projects. 

The risk of losing knowledge, both explicit and tacit, increases with the time passed (from the time it 
was generated to the time it is needed). Information may be lost due to its deterioration or outdated 
electronic supports (paper documents, old electronic formats, etc.). Information may also be lost due to 
the retirement of qualified and knowledgeable facility staff, or because of the losses or errors produced 
during the transmission of information from one person to another. This problem directly affects the 
decommissioning of a nuclear facility that may become greater the longer the time between shutdown 
of the facility and the beginning of decommissioning. The problem is compounded by the fact that 
efforts to identify the information requirements for decommissioning are not usually an organized and 
consolidated activity and may not be appreciated by organisations operating the nuclear facility. 

Areas of knowledge to be preserved have to be identified as early as possible during the operation of 
the nuclear facility, so that continuous mechanisms for recording and storing of relevant information 
for use in the decommissioning phase can be established. 

Training is an effective and key tool to transmit information stored during the operation of the facility 
to the decommissioning organisation and its personnel. In the same way, training is also essential 
during the planning and performance of specific decommissioning tasks, particularly during the 
detailed planning of each work package, which usually relies on a sound knowledge of the 
configuration and the operational history of the systems to be dismantled. Training effectiveness can 
be greatly enhanced with the participation of personnel familiar with the operation of the facility. 
Nevertheless, to rely on training without the benefits of proper knowledge management can 
significantly reduce the ability to safely and effectively accomplish decommissioning tasks. 

Lesson Learned 9 – The need to consider all target groups requiring training

The personnel who require some form of training may generally be divided into two target groups: 

� Stakeholders - those personnel who may influence decommissioning strategies and 
requirements. This group includes senior management, licensing authorities, the public, 
members of the press (mass media). This group may require either formal or informal training. 

� Decommissioning personnel including managers, professional staff, and workers. This group of 
personnel requires a structured and disciplined approach to training, which will largely be of a 
formal nature. 
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Lesson Learned 10 – Lack of regulations with specific decommissioning training requirements

In most countries regulations and national standards for decommissioning currently do not contain 
detailed decommissioning training requirements, relying instead on other regulations such as 
regulations for the operational phase; and statutory and local regulations for radiation protection, 
industrial safety, environmental protection and occupational standards to address training. There is a 
tendency to adapt and apply the existing standards and guidelines to decommissioning training. In 
some countries, national standards on competency for decommissioning workers have been developed, 
and are used as the basis for vocational training programmes. 

Lesson Learned 11 – Regardless of which technique is used – Training Needs Analysis is essential

In decommissioning, along with the routine tasks, there are many one-of-a-kind tasks which offer 
unique challenges in terms of the hazards likely to be encountered, and in terms of technical 
difficulties. Although several different techniques are used to determine the exact training needs for 
various target groups, the way the training programmes are structured is similar and can be represented 
by a pyramid. This pyramid comprises a base of general site safety and regulatory requirements 
applicable to most individuals such as radiation safety training, fire safety training, and access 
training. The next level consists of training packages tailored to suit the type of skills required by 
specific job positions such as confined space training, respirator training, radiation worker training, 
and lock and tag training. On top of this, project specific training packages for specific 
decommissioning activities are required. 

Job task analysis and job competency analysis are often used as the basis for determining training 
needs. When completing a needs analysis concerning decommissioning activities, and considering the 
potential hazards which can exist, the overriding requirement is to complete the work in a safe manner. 
Regardless of which technique is used, a needs analysis to examine all factors which are known, or 
may potentially influence the safety of the personnel and of the facility, or may potentially have 
negative impact on the environment, is essential. Various methods are used to determine the risks 
which need to be mitigated, and hence the work methods and competence requirements for the 
personnel involved in both planning and implementing the work (e.g. Job Safety Analysis (JSA); Job 
Hazard Analysis (JHA); Risk Assessment; general approach to establishing Safe Systems Of Work 
(SSOW); Project Review; Hazard and Operability (HAZOP) Analysis). 

A job hazard analysis is a technique that focuses on job tasks as a way to identify hazards before they 
occur. It focuses on the relationship between the worker, the task, the tools, and the work environment. 
After one identifies uncontrolled hazards, the steps to eliminate or reduce the hazards to an acceptable 
risk level are taken. One of the most important elements of controlling the risks and making sure that 
the controls identified are used properly is the provision of information, instruction, and training to 
those doing the work. The control or elimination of hazards through measures other than training is 
normally the preferred option. When this is not completely possible, training of workers must be 
provided. In order for the JHA process to work effectively, subject matter experts, training personnel 
and job incumbents must all be involved working together as a team. The benefits of an interactive 
approach to identify the exact training and development needs associated with decommissioning tasks 
cannot be overstressed.

Lesson Learned 12 – Graded approach to application of SAT to decommissioning training

A systematic approach to training (SAT) – promulgated by the IAEA - is recognized world wide as the 
international best practice for attaining and maintaining the qualification and competence of nuclear 
facility personnel. The basic elements of the SAT methodology (primarily intended for full application 
to the operational phase of nuclear power plants) apply equally to the decommissioning phase. 
However, full application of traditional techniques of SAT, without reasonable limiting the scope of 
SAT Analysis phase to the tasks involving the potential risks and hazards associated with 
decommissioning activities, may result in significant expense and effort. It is worthwhile to employ a 
graded approach to the application of SAT to decommissioning training. The level of Analysis, and 
documentation associated with the SAT phases, are tailored to the magnitude of the hazards involved. 
A graded approach to training encourages application of techniques that allow the most efficient use of 
personnel and resources in training activities. Under no circumstances should health or safety concerns 

be compromised in the name of cost savings or expediency. Significant hazards, both known and 
potential, during the decommissioning phase still pose a risk to the safety of workers, so grading of 
training development efforts should not be misconstrued to mean reduction in the quality of training. 
Rather, the level of detail and formality are tempered by factors such as hazard and risk, cost-benefit, 
and the use of other methods to control the hazards of a decommissioning activity or task. 

Lesson Learned 13 – Four main areas of management and professional staff training

The training needed for decommissioning managers and professional staff is dependent upon whether 
they have previous experience in decommissioning; however, training typically is required in the 
following four areas: Management and supervisory skills; Project Management (including Planning); 
Decommissioning methods; and Facility / job specific training. 

Lesson Learned 14 – Decommissioning workers: general training plus training for unique and 
hazardous tasks

To complete the safe and efficient decommissioning of a facility, a wide range of disciplines and 
skills’ levels of the workers are required. In determining the training needs, the workers may be 
categorized into two groups according to their functions: the workers providing the direct effort, or 
fulfilling core functions (including de-fuelling, dismantling, decontamination, waste processing and 
handling); and the workers fulfilling support functions (including engineering, maintenance, analytical 
services, radiological safety services, specialists services, safety support). It is common for a worker to 
undertake some waste handling/ processing operations as part of a dismantling or decontamination, i.e. 
for a worker to undertake both technical and operational activities. This hybrid fulfils a job position 
referred to as a decommissioning operator or decommissioning technician. Two types of training are 
being provided: the first type is general, vocational, or generic training; and the second type is training 
based on specific activities and tasks. 

For the general training, it is important that training programmes are designed such that they can be 
used to train both workers who possess significant previous relevant experience and those who have 
little or no previous experience. In the case of the former, the task is effectively to confirm existing 
knowledge, and to identify and address any shortfalls by ‘top-up’ or refresher training. When forming 
training programmes, there is a need to consider accommodating trainees of varying abilities and also 
addressing the identified training needs. Safety, in terms of both personnel and the facility, being the 
main consideration during any part of the decommissioning processes, the requirement and standard 
for training in this area, is particularly relevant for workers. It is found however that the standard 
training material used for general industrial/ construction site safety supplemented by material relating 
to radiological safety can form a sound basis for general decommissioning worker training. Even 
though a large number of training courses from the operating phase are applicable, including those for 
radiation safety training, it is usually necessary to place much more emphasis on radiation worker 
training due to the more significant radiological challenges encountered during decommissioning 
activities and the greater potential for exposure of personnel during specific decommissioning tasks.
The radiological surveillance completed during the operational phases of the facilities would have 
been based largely on routine surveys confirming steady state known conditions. In decommissioning, 
the requirements are to supplement this routine monitoring with task specific radiological monitoring 
of constantly changing conditions where the radiological hazards can be unpredictable. It is important 
to provide this enhanced training so that the workers and supervisors recognize this change, and will 
be better prepared to perform the radiological work. 

Future shortage of trained skilled workforce in the nuclear industry in general, and nuclear 
decommissioning in particular, is predicted. This is due to demographics and the well-documented 
decline over recent years in the number of young persons entering the industry. This, in turn, has a 
bearing on the type of personnel available for training. To address this problem, it is recommended to 
develop an apprenticeship programme, tailored to train young persons in the skills required for nuclear 
decommissioning, and to provide a base for career development. Encouraging young persons to pursue 
a career in nuclear decommissioning by the provision of structured training courses ensures that the 
apprentices of today are better equipped to be the supervisors and /or managers of tomorrow. 
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decline over recent years in the number of young persons entering the industry. This, in turn, has a 
bearing on the type of personnel available for training. To address this problem, it is recommended to 
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The second type of the workers’ training is based on specific activities and tasks. During 
decommissioning many of the activities and tasks undertaken are very unique and only performed one 
time. In such situations, extensive job and task analysis, or job competency analysis, and training 
programme course development are usually not undertaken. Instead more detailed work planning is 
conducted by the operating organisation to identify all of the steps involved in a particular 
decommissioning task. A team of individuals with varying backgrounds and expertise is brought 
together during the table-top analysis sessions, and through a collective brainstorming effort which 
stimulates creativity and new ideas, to complete thorough review of the activity under consideration. 
The hazards involved in each step of an activity, the generic training prerequisites that must be 
completed by workers assigned to the activity (radiation safety training, etc.), and the task specific 
training required are identified. Much of the specific task training is then provided by Subject Matter 
Experts (SMEs) either in the classroom, by walking down the job site, conducting “dry runs” in the 
facility or on mock-ups, and discussing each step in the activity. 

After training is provided, pre-job briefings are typically conducted immediately before conducting the 
task associated with the decommissioning activity. In addition, it is also a common practice in some 
countries to provide for informal training on lessons learned and recent issues arising from corrective 
action programs or from other industry events. 

Lesson Learned 15 – Training delivery: balanced involvement of full-time, part-time and occasional 
instructors, and first line supervisors

Guidance for the selection, qualification, and training of instructors for the nuclear power industry is at 
the mature stage. This guidance is fully applicable to the development of instructors for the 
decommissioning phase. In addition, the following lessons learned and experience should be 
mentioned: 

� Previous experience in decommissioning activities is desirable for an instructor, if such 
personnel are available; 

� The use and reliance on part-time or occasional instructors and subject matter experts as 
instructors is common in decommissioning activities. Such personnel are typically supported by 
the training organisation and may receive coaching and limited instructor training depending on 
their capabilities; 

� Most instructors are also subject matters experts and should receive general training on 
decommissioning; 

� Instructors who have no decommissioning experience should also participate in the 
decommissioning training courses and seminars designed for the management and professional 
staff;

� Informal training methods may be particularly useful to ensure managers and workers have a 
clear understanding of the Project Mission, Goals and Objectives, and to allow timely feedback 
on important information and lessons learned. As unforeseen situations often arise during 
decommissioning tasks, it is very important that information is shared and communicated 
effectively within all levels within workgroups; such that a safe and effective way forward can 
be identified. Various tools exist for implementing this very important communication exercise 
including project preview, pre-job briefs and, toolbox talks;. 

� The training provided for many decommissioning tasks is performed through structured pre-job 
briefings, “walk downs”, and on-the-job (OJT) training. Instructors typically prepare pre-job 
briefing materials or assist in their preparation, including materials of pre-job briefings and 
“walk downs” conducted by first line supervisors. It is desirable to provide first line supervisors 
with training on how to correctly conduct pre-job briefings. The personnel who provide OJT 
material are also typically trained in the proper conduct of OJT. When informal training is used, 
pre-planned outlines of material to be covered are normally prepared as an aid to the supervisor 
or other personnel who may be presenting the informal training. 

Lessons Learned 16 – The need in considered management of training

Training departments and instructors involved in the training for the operational phase should be 
effectively used to prepare and conduct training for the decommissioning activities, in conjunction 
with the decommissioning project line supervisors. If the operating organization has a centralized or 
on-site training department, a balance between centralization and decentralization of training has been 
found to achieve effectiveness and efficiency of training. For all major projects, work packages and 
departments involved in the decommissioning, regardless of who is performing the work – operating 
organization personnel or contractors – it is a good practice to assign training coordinators. These 
coordinators work in close cooperation with the training department, if the latter is available. In 
addition, establishing a Site Training Review Committee to provide oversight of training by review of 
training needs, training plans and material, and also lessons learned, and to coordinate training 
activities, has been found to be an effective way to help manage training. These oversight functions 
may be performed by a Site Safety Committee. Deficiencies in personnel performance, incidents and 
safety related issues should be reported and promptly analyzed. It should be ensured that the needed 
training is a part of the Corrective Action Programme. 

Lesson Learned 17 – The need for specialized training facilities and tools for decommissioning 
training

In order that the training needs for personnel involved in nuclear decommissioning can be adequately 
addressed, it must be recognized that due to the unique and ‘one off’ challenges which arise, there is a 
requirement for specialized training. Much of the training associated with the techniques and related 
industrial and radiological safety issues are available as standard learning courses/modules and are 
indeed common to the training required by NPP operators. The use of existing facilities set up to train 
personnel during NPP operation is simply extended to cover the decommissioning requirement. There 
is however a need in facilities that are dedicated to provide training for either highly specialized tasks 
or for tasks which are unique to the nuclear decommissioning process. Such facilities are usually in the 
form of mock-ups that simulate the plant layouts. Other uses for such centres include training 
associated with remote handling equipment, specialist decontamination equipment, and the application 
of specialized coatings and chemicals. 

In the training of personnel involved in nuclear decommissioning, the prime considerations are those 
associated with both radiological and industrial safety. This is particularly important in terms of the 
requirement to minimize potential exposure of workers to ionizing radiation and to minimize the 
spread of radioactive contamination. One of the most powerful tools to develop the working 
procedures and to train the personnel is the use of a mock-up. For the dismantling of highly active 
equipment in particular, the training of workers using full-scale mock-ups is invaluable. Mock-ups are 
also used extensively in training centres to simulate typical working environments found in the 
industry. An example of this is the simulation of standard dismantling/cutting operations in cramped 
areas to permit training in the use of full plastic suits and the associated breathing air arrangement. 
Further authenticity can be gained in such situations with the use of invisible agents to simulate 
contamination. 

Computerized tools are also used in the training for decommissioning activities, such as: 

� Three-dimensional models that are generated using computer aided design (CAD) systems; 

� Computer-based training (CBT) systems; 

� Web-based training (WBT) tools; 

� Technology-based training (TBT) tools (multimedia, virtual reality); 

� Learning content management systems (LCMS) for managing the training including scheduling 
training, tracking training of individuals, and managing the content of training programmes and 
courses. 
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The second type of the workers’ training is based on specific activities and tasks. During 
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be identified. Various tools exist for implementing this very important communication exercise 
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Lesson Learned 18 – The need for a strategic vision for the use and competence of human resources

One of the critical prerequisites for successfully carrying out a decommissioning project is the 
considered and clear management vision for the use of human resources and for the assurance of the 
adequate competence of all personnel (the employees and contractors) involved at all stages in the 
decommissioning project activities. It is worthwhile to define the vision for the integrated management 
of human resources - including personnel training - at an early stage of a decommissioning project. 
Example contents of the document for defining this vision are included as Appendix 1. The purpose of 
the document is to establish strategy of and approaches to effective management of human resources – 
including employees and contractor personnel – in terms of an integrated process of human resource 
strategic planning, recruitment, selection, training, qualification, motivation, performance evaluation, 
development, and knowledge preservation; for safe and efficient conducting the decommissioning 
activities. The IAEA (involving the international experts having hands-on experience in carrying out 
the decommissioning and training projects for the commercial NPPs and other nuclear facilities) is 
assisting the interested operating organizations - preparing for or undertaking nuclear facility 
decommissioning - to develop such kind of the strategic document. Other services in support of 
establishing human resource management and training systems for nuclear facility decommissioning – 
on the basis of the world-wide good practices and taking into account the lessons learned – are 
available. 

2. Conclusions 
One of the keys to success of a decommissioning project is the training of the various personnel 
involved in decommissioning in order to develop the necessary knowledge and skills required for 
specific decommissioning tasks. Training alone can not ensure the required competence, change 
management polices and practices also need to be implemented to promote adequate performance of 
the personnel involved in decommissioning. Training of personnel for undertaking the 
decommissioning project should be viewed as the integral part of the human resource management 
process. In order to perform the decommissioning project in a safe and efficient manner, the 
decommissioning project managers should develop and communicate to the staff the vision for the 
integrated management of human resources including personnel training. Adequate resources should 
be allocated by the decommissioning project managers to ensure competence of all personnel (the 
employees and contractors) involved at all stages of the decommissioning project, and to preserve 
knowledge for future generations. 
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1Information and background reference material on various aspects of the nuclear facility 
decommissioning projects including training can be accessed using the links provided below. In 
particular, the Electronic Nuclear Training Catalogue ENTRAC contains the documents in the field of 
training, human resource management, human performance; including those for the support in 
decommissioning of nuclear facilities. 

http://www.iaea.org/OurWork/ST/NE/NEFW/wts_l6_01.html

http://www.radwaste.org/decom.htm

http://www-ns.iaea.org

http://www.iaea.org/OurWork/ST/NE/NENP/NPES/index.html
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Lesson Learned 18 – The need for a strategic vision for the use and competence of human resources

One of the critical prerequisites for successfully carrying out a decommissioning project is the 
considered and clear management vision for the use of human resources and for the assurance of the 
adequate competence of all personnel (the employees and contractors) involved at all stages in the 
decommissioning project activities. It is worthwhile to define the vision for the integrated management 
of human resources - including personnel training - at an early stage of a decommissioning project. 
Example contents of the document for defining this vision are included as Appendix 1. The purpose of 
the document is to establish strategy of and approaches to effective management of human resources – 
including employees and contractor personnel – in terms of an integrated process of human resource 
strategic planning, recruitment, selection, training, qualification, motivation, performance evaluation, 
development, and knowledge preservation; for safe and efficient conducting the decommissioning 
activities. The IAEA (involving the international experts having hands-on experience in carrying out 
the decommissioning and training projects for the commercial NPPs and other nuclear facilities) is 
assisting the interested operating organizations - preparing for or undertaking nuclear facility 
decommissioning - to develop such kind of the strategic document. Other services in support of 
establishing human resource management and training systems for nuclear facility decommissioning – 
on the basis of the world-wide good practices and taking into account the lessons learned – are 
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One of the keys to success of a decommissioning project is the training of the various personnel 
involved in decommissioning in order to develop the necessary knowledge and skills required for 
specific decommissioning tasks. Training alone can not ensure the required competence, change 
management polices and practices also need to be implemented to promote adequate performance of 
the personnel involved in decommissioning. Training of personnel for undertaking the 
decommissioning project should be viewed as the integral part of the human resource management 
process. In order to perform the decommissioning project in a safe and efficient manner, the 
decommissioning project managers should develop and communicate to the staff the vision for the 
integrated management of human resources including personnel training. Adequate resources should 
be allocated by the decommissioning project managers to ensure competence of all personnel (the 
employees and contractors) involved at all stages of the decommissioning project, and to preserve 
knowledge for future generations. 
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APPENDIX 1 

Example contents of conceptual document on ensuring competent personnel for a NPP 
decommissioning, through an integrated process of training and management of human 

resources 
1. INTRODUCTION 

1.1. Background 

1.2. Purpose of the document 

1.3. Scope of the document 

1.4. Definitions 

2. OVERALL SCOPE OF THE NPP DECOMMISSIONING ACTIVITIES REQUIRING 
CONSIDERATION OF HUMAN RESOURCES 

3. SENIOR MANAGEMENT VISION 

4. FACTORS INFLUENCING IDENTIFICATION OF THE HUMAN RESOURCE STRATEGY 

5. KEY ISSUES OF THE HUMAN RESOURCE STRATEGY 

6. INTEGRATED PROCESS FOR MANAGEMENT OF HUMAN RESOURCES WITHIN THE 
DECOMMISSIONING PROJECT 

7. OPERATIONAL VERSUS DECOMMISSIONING ACTIVITIES 

8. ESTABLISHMENT OF SAFE SYSTEMS OF WORK 

9. TARGET GROUPS FOR  TRAINING 

10. KEY ISSUES OF QUALITY TRAINING FOR DECOMMISSIONING 

11. TYPES OF TRAINING AND USE OF SYSTEMATIC APPROACH TO TRAINING 
METHODOLOGY 

12. TRAINING NEEDS AND GENERAL CONTENT OF TRAINING FOR MANAGEMENT 
AND PROFESSIONAL STAFF 

13. TRAINING NEEDS AND THE CONTENT OF TRAINING FOR WORKERS 

14. SELECTION AND TRAINING OF INSTRUCTORS 

15. TRAINING FACILITIES 

16. KNOWLEDGE MANAGEMENT 

17. RECRUITMENT AND TRAINING OF FUTURE GENERATIONS OF WORKERS 

18. STRUCTURE OF HUMAN RESOURCE MANAGEMENT AND TRAINING 
DOCUMENTATION 

19. PHASES IN DEVELOPMENT OF INTEGRATED MANAGEMENT OF HUMAN 
RESOURCES AND TRAINING SYSTEM 

20. IMPROVEMENT AND FURTHER DEVELOPMENT OF HUMAN RESOURCE 
STRATEGY
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Abstract. Radioactive waste has been generated in Albania during the last forty years, mainly with low 
and intermediate level radioactivity, which has arisen from the use of radioactive material in research, medicine, 
industry, agriculture and education applications. The old interim storage facility constructed outside of the 
Institute of Nuclear Physics (INP) site 1970, has been a simple premise on the ground surface, and consisted of 
concrete and bricks. The decommissioning process of the old Interim Storage Facility began in 1999, when 
private houses were within 10 meters of this building. For that reason, the Radioactive Waste management 
Laboratory’s staff, had transferred all plastic bags, lead containers and 200 litter drums with 226Ra, 137Cs, 60Co,
etc., into the Radioactive Waste management laboratory areas, within INP site. The actions of decontamination 
& decommissioning (D&D) had passed in two essential phases, which are described in this paper, including 
briefly the types and classification of radioactive waste, as well as their treatment methods. These actions are 
financially supported by Albanian Radiation Protection Commission (ARPC) funds, based in the Radiation 
Protection Act [1]. Based on the existing regulation for the safe management of radioactive waste, the INP is in 
charge of the management of radioactive waste on national level. 

1. Introduction 
Since the early 1950’s, the decommissioning process has been performed and extensive experience has 
been gained. The process of decommissioning has become more refined and more attention had paid 
to safety issues. The general overall objective of Decontamination & Decommissioning (D&D) is to 
reduce decommissioning or waste treatment costs without a significant increase in dose uptake by 
protecting the health and safety workers and members of public, as well as the environment. 

Research reactors, nuclear power plants or isotope production facilities are not available in Albania. 
The use of sealed sources in Albania started in the 1960’s for geological studies, industrial 
radiography in the army for calibration of radiometric equipment, etc. After 1970, the radioactive 
isotopes were being largely used in research, medicine, industry, agriculture and education 
applications. The main applications of radiopharmaceutical, radiochemical and sealed radioactive 
sources are as follows: 

The Institute of Nuclear Physics (INP) established in 1970, is the main user of the radioactive 
materials in the country.  The majority of these sources like: neutron isotopic sources (Am-Be), 241Am, 
238Pu, 226Ra, 137Cs, 60Co, 57Co are in range of few MBq up to 370 TBq and are used for calibration, 
gamma-spectroscopy and gamma-irradiation for smaller commercial and scientific program. 

The medical application of radioisotopes in Albania has existed for some decades in the Oncology 
Hospital, the public Nuclear Medicine Laboratory and private laboratories/companies. There are two 
teletherapeutic 60Co sources, 16 sources of 137Cs and a manual Curietron containing 4 137Cs sources in 
use in the Brachtherapy Division. Radiopharmaceuticals like: 99Tc, 51Cr and 32P are used in 
diagnostics; 131I in thyroid function test and 125I for radio immune assays is in use at the public Nuclear 
Medicine Laboratory in Hospitals and private Clinics. Radioactive waste generated from nuclear 
facilities in Albania are collected and conditioned in INP already. 

The waste volume, approximately some of tenth cubic meters (conditioned volume), comprises of 
spent sealed sources like: 226Ra, 241Am, 192Ir, 137Cs, 90Sr, 60Co, electron tubes and other equipment. The 
solid and liquid radioactive waste is generated from small nuclear laboratories distributed throughout 
the country. This includes clothing, papers, glassware (contaminated with 65Zn, 90Sr, 60Co, etc.); 
miscellaneous laboratory organic waste from hospitals (m99Tc, 131I, 32P); universities (57Co, 63Ni); and 
industrial activities (241Am, 137Cs, 90Sr, 60Co). 
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solid and liquid radioactive waste is generated from small nuclear laboratories distributed throughout 
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The Radiation Protection Act approved by Parliament in 1995, recognizes the Albanian Radiation 
Protection Commission (ARPC), as the regulatory authority in Albania [1]. The Radiation Protection 
Commission has approved a set of regulations in the field of radiation protection and safety. Based on 
the regulations for the safe management of radioactive waste, the Institute of Nuclear Physics is in 
charge of radioactive waste management for the whole country [2]. 

2. Safety aspects of radioactive waste management 
The activities related with low radioactive waste management are based in the principles of radiation 
safety such as: the workers, the members of public and the environment protected from radiation 
detriments; the volume reduction and full confinement of the waste; as well as the dose rate on their 
surface to be in accordance with accepted standards [3]. Normally, the liquid and solid Radioactive 
Waste generated from the research laboratories, Radiotracer Center in Tirana, oil enterprises etc., is 
relatively small and contain small amounts of short-lived radionuclides.  

Nuclear facilities, which generate liquid radioactive waste, have two tanks in use with a total volume 
2m3, which work in an alternated way. After filling the tanks, the liquid waste with a half-life shorter 
than 60 days are identified and discharged through the drainage system. Precipitation or ion exchange 
methods treat liquid radioactive waste with a half-life longer than 60 days and waste with high 
concentrations of activity. These liquid wastes collected in 20-litre glass containers are treated with the 
above methods. The radioactive waste sludge is conditioned by mixing it with cement, by the staff of 
Radioactive Waste Management Laboratory in INP. 

Solid radioactive wastes are collected and stored in a special concrete covered bunker for at least 10 
times the half-life period. The usual types of waste include plastic tubes, paper, gloves, clothes, PVC 
material and small lead containers. After pre-treatment, the reduction volume is carried out using the 
compactor type SC-55. An air filtration system with HEPA filter is in operation during compaction 
process.  Normally, the waste is packaged in plastic bags and compacted in 200 litter drums [4, 5]. 
Usually the solid radioactive waste with its package is directly placed into the drum and then 
compacted.  

Many spent radiation sources were gathered in the INP as a centralised facility for conditioning and 
interim storage for the whole country. In Albania for conditioning of radioactive waste and spent 
radiation sources, type A packages are used [5, 6]. 

3. Decommissioning process of the old interim storage facility 
The old Interim Storage Facility (5m x 4 m x 3 m = 60m3) has been constructed within the INP site. It 
has been used for temporary interim storage of spent radiation sources and solid and liquid (vessels)  

radioactive waste since 1970. It has represented a simple above ground facility with concrete and brick 
construction. The old facility had 12 underground channels (trenches) Fig 1. 

Figure 1. The old interim storage facility in Albania. 

The process of decommissioning the old interim storage facility in the INP began as a result of private 
houses being built within 10 meters of the facility. For that reason, the staff of the INP transferred all 

of the plastic bags, lead containers and 200-liter drums conditioned with 226Ra, 137Cs, 60Co waste into 
the radioactive waste management laboratory areas. All above-mentioned radioactive waste collected 
and stored during previous years in the old interim storage facility were loaded on a truck by the 
Radiation Protection Division (RPD) personnel of INP. This action passed in two essential phases: 

� First phase: At the end of 1998, the RPD carried out the actions for the removal of all existing 
superficial radioactive waste including the spent radiation sources like: 226Ra, 137Cs, 60Co etc. In 
this case, the dose rate was measured inside / outside the facility, before and after removal of 
radioactive waste. The average dose rate measured from 0.6 mSv/h (60 mR/h), within the area 
in the middle of the building. After the removal of the radioactive waste, the dose rate was 
decreased to 0.05 mSv/h (5 mR/h) [6, 7]. The average dose rate was high, because the trenches 
of this building contained three heavy lead containers with 60Co sources and some small plastic 
bags containing 90Sr, 238Pu, 60Co radioactive waste vials. 

� Second phase: In October 2000, all other radioactive waste was removed, including spent 
sources, which were stored in the trenches of the old building. A fork lift was used and a truck 
to remove the heavy containers. Also, dose rates were taken which were already on the 
background level. After the destruction of the concrete-brick walls, the stainless steel door, 
windows, ventilation, electrical systems and wood boxes with empty lead containers were 
transferred to the new Spent Sealed Sources Facility (SSSF) [7, 8]. All other material, (woods, 
bricks, concrete etc.), were transported to a special place in the municipal disposal sites. All 
necessary steps for the decommissioning process of the old interim storage facility were 
scheduled and approved by the Albanian Radiation Protection Commission. The final report 
was prepared in co-operation with ARPC specialists and was addressed by the Commission. 

Albania has actually had small waste quantities originated from different practices during four last 
decades, and perhaps it is inappropriate to construct and operate a national repository for the disposal 
of radioactive waste. Safe disposal of radioactive waste with low and intermediary level activity is an 
important question to the country. Our estimation, referring to the development of nuclear methods 
and activities in the country, show that the storage capacity of the new Interim Storage Facility is at 
least sufficient for the next 30 years in Albania [8]. From the feasibility studies, it is seen that the near 
surface disposal facility for low and intermediary radioactive waste fits better for further activities in 
the field of peaceful nuclear application in our country. 

4. Conclusions 
The decommissioning steps of the old interim storage facility in Albania were carried out, based on 
the experience of Albanian specialists in the field of radioactive waste management and 
recommendations of IAEA experts. The decommissioning process of the facility was undertaken by 
the staff of INP, in order to protect the health of members of public, who are living near the site where 
the old interim storage facility was constructed. 

Protection of the Worker (staff), public members and the environment; the dose limits and ALARA 
principle; and other protection provisions have been taken into account during the design process of 
the new facility in Albania. 
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Abstract: The first teletherapy cobalt machine in Albania (Tirana University Hospital Center “Mother 
Teresa”) began operation in 1966. This was a Jupiter-Junior F machine (Monza, Italy) with a 120 TBq (3000 Ci) 
cobalt source. The machine worked for 28 years and the source was replaced every 5 years. The decommissioning of 
the machine was decided as result of its mechanical parts deteriorating. An agreement has been the reached between 
Albanian Government and IAEA for this decommissioning. Local and foreign specialists have participated in the 
decommissioning process. The source with an activity about 60 TBq was sent abroad for interim storage and the 
mechanical parts of the machine were controlled carefully because of their eventual radioactive contamination.  

1. Introduction 
The activity of radiotherapy based in superficial and deep X-ray machine (orthovoltage machine) has 
existed in Albania from early 1950. The first teletherapy cobalt machine was installed in Tirana General 
Hospital (now University Hospital Center “Mother Teresa”) in 1966. The machine was a Jupiter-Junior F 
(Monza, Italy) with activity of the cobalt source 120 TBq (3000 Ci). This machine has provided the 
treatment of about 400 patients per year and worked for a period of 28 years (1966-1994). During this 
period the source of the cobalt was replaced by the manufacturer every five years. During the decade of 
the machine functioning, some problems occurred with its mechanical parts consuming, which solved with 
difficulties till to the end of 1994 when the machine was nearly out of operation. Because of these 
conditions, to decommission the Jupiter cobalt machine was decided. Meanwhile, in the radiotherapy 
department, a new cobalt machine (Alcyon II, France) with an activity of 250 TBq has begun functioning. 

An agreement between Albania and IAEA has been reached for the process of decommissioning the 
Jupiter cobalt machine as well as for the transport and interim storage of the cobalt source abroad. This 
was a cost sharing agreement covering all of the mentioned processes related with the decommissioning. 

2. Process of the decommissioning 
Decommissioning of the cobalt machine began with preparation of a plan and its submission for approval 
by competent national authorities. The plan has foreseen all necessary steps, which were considered as 
appropriate to perform this process in a safe manner and with minimum expenses. The preparation of the 
facility, as well of the cobalt machine, was prepared in accordance with radiation protection requirements. 
The technical documents of the installation and the functioning of the machine as well a short description 
of the main characteristics of the cobalt source were prepared with the same goal. 

Radiation Protection Commission, after a careful examination of the situation and the verification in-situ 
of the data submitted in prepared documents, approved the decommissioning process for the cobalt 
machine [1]. 

The decommissioning of the machine began with measurements of the dose rate in different points inside 
the bunker and in the vicinity of the cobalt source head to prevent the overexposure of the workers 
involved in the different processes. Leak testing of the cobalt source was performed by using a wet filter 
paper method in the collimator area. Special attention was paid to the process of the source head 
dismantling. The activities for the dismantling of head were restricted due to the limited space inside the 
bunker, which allowed only the use of a small device for the loading and the transport of the head. 
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After dismantling of the head and its transport to a secure place outside the bunker, a detailed survey of 
the floor, walls and mechanical parts of the machine began. The data from this survey were recorded and 
all values for the different points were recorded with respective to their location in the facility. 

The cobalt source which had an activity about 60 TBq was sent abroad for interim storage in accordance 
with above-mentioned agreement. All mechanical parts of the machine were transported to the Institute of 
Nuclear Physics for detailed control. 

Some years later the bunker of the old cobalt machine was demolished. During this process a survey for 
eventual radioactive contamination of the different constructive materials was carried out especially for 
the lower part of the facility including the basement. The released area of the old facility was used for the 
construction of the new bunker, which now is housing a new cobalt machine which has an activity of 400 
TBq (Elite, Nordion, Canada). 

Since the second half of the 2005, the “Alcyon II” cobalt machine has been out of order and is not used 
any more for patient treatment. It is foreseen the decommissioning of this machine because of mechanical 
defects affecting operation. The French manufacturer company of Alcyon II does not exist any more in the 
market.

Figure 1 

3. Conclusions
The experience obtained in Albania for the decommissioning of the old radioactive facility (i.e. cobalt 
machine or radioactive waste interim storage facility) has created an appropriate substratum to undertake 
in the future similar activities. Albania has created a radiation protection infrastructure in accordance with 
the Basic Safety Standard [2] and has prepared a suitable legislative framework for this purpose. There are 
regulations for the licensing and inspection, for safe handling of the radiation sources, for management of 
radioactive waste, for the transport of radioactive materials and some codes of practices. 

The development of the new concepts and practices in the field of the decommissioning includes the 
preparation and approval of a decommissioning plan, the actual decommissioning operations as well the 
safe management of the waste arising from the decommissioning process [3]. Such plans need to be 
develop for each facility with radiation sources. The plan shall be updated to reflect changes in the facility 
or regulatory requirements. In the process of the implementation the plan may be amended in accordance 
with gained experience.

All mentioned developments need to be reflected in the new regulations, which are foreseen to be 
prepared in Albania in the near future. 
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Abstract. A radiological laboratory for diagnoses was contaminated by 125I.  A large-scale survey of 

gamma-radiation has been made in different locations of the floors and walls of the lab to determine the 
contaminated area and its activity. The activity level before decontamination for the wall and floor was 1400 and 
2000 Bq/cm2 respectively. Decontamination was carried out by using ethyl alcohol, potassium permanganate, 
ethylene diamine tetracetic acid and tissue papers. The decontamination factor has been calculated and it was 
175 and 200 for the wall and floor respectively. The D&D computer code has been used to calculate Total 
Effective Dose Equivalent (TEDE). The TEDE from the wall and  floor before decontamination were 3.05 and 
4.35 ( mSv/yr ) while after decontamination were 18 and 23 µSv/yr, respectively. These results are lower than 
the Egyptian and the international regulations (10 mSv/y for the public) according to International Atomic 
Energy agency, IAEA, Safety Series, SS, no. 115 (1994). 

1. Introduction 
There are many thousands of small nuclear facilities including radiochemical laboratories, hospital 
installations, hot cells, waste treatment and decontamination facilities, which will eventually need to 
be decommissioned. Before starting dismantling activities, the characteristics and distribution of the 
radioactive and toxic materials (e.g. asbestos) and radiation fields in the facility must be defined [1]. 
Removal of contaminants from surfaces before decommissioning process is generally based on 
cleaning techniques which have been well established for several decades [2].Decontamination 
involves the removal of bulk contaminants, and decommissioning involves the removal and cleanup of 
contaminated equipment. Almost all the procedures and reagents used in decontaminating equipment 
and facilities in the nuclear industry were first developed and used for cleaning conventional non-
nuclear plants. Decontamination is understood as a process that should meet several criteria, such as: 

� Adequate decontamination factors;  

� Acceptable corrosion rates;  

� Easy availability of the equipment;  

� Simple operation and control;  

� Acceptable time requirements;  

� Satisfactory safety aspects (both radiological and non-radiological);  

� Acceptable costs of application and minimal amounts of wastes. 

Many decontamination methods and techniques are available that would facilitate operation, 
inspection, maintenance, modification or decommissioning of nuclear installations [3, 4].  

The selection of an appropriate procedure is an important task for policy makers of national nuclear 
energy programms and especially for operators of nuclear installations. Removal of contaminants from 
metallic surfaces depends on many physico-chemical variables that govern the process of 
contamination. Among them the nature of the surface is the most important factor (i.e permeability, 
film formation, age and chemical composition of the oxide layer [5] . Other factors should be 
considered such as the base material and contamination history. Chemical decontamination processes 
are generally necessary where metal or oxidized surfaces have become contaminated [6, 7]. In general, 
decontamination of buildings and structures, except for decommissioning purposes, should be 
accomplished so as to avoid airborne contamination and thus protect personnel from hazards due to 
dust inhalation and external contamination during operating and maintenance work. Most of these 
methods are usually mechanical methods such as water jetting, abrasive techniques, etc. 
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2. Materials and methods 
The activity of radionuclides before and after decontamination was measured by using calibrated 
surface contamination monitor Berthold LB 1210 B and the contaminated area was determined.

Swabbing, washing, scrubbing and brushing were used for decontamination of floors and walls of the 
contaminated area. The decontamination was achieved by the following process: 

� The painted surface of the contaminated wall wiped with towels wetted with water; 

� Mechanical action of brushes and swabs, in combination with an adequate solvent (Ethyl 
Alcohol C2 H5 OH); 

� Dilute chemical decontamination 1% KMnO4 followed by 1% Ethylene-Diamine-Tetra-Acetic 
acid (EDTA) [8]. 

Solid and liquid of radioactive wastes produced from the decontamination process were segregated 
and collected in plastic containers and the activity level on the surface of these container was 
measured. 

Total Effective Dose Equivalent (TEDE) was calculated by using Decontamination and 
Decommissioning (D&D) computer code version 2.1.0. This code [9] implements the methodology 
and information contained in NUREG/CR-5512, Volume 1 as well as the parameter analysis in 
Volume 3 that established the probability distribution function (pdfs) for all of the parameters 
associated with the scenarios, exposure pathways and models embodied in D&D. Two scenarios are 
implemented in D&D: building occupancy and residential. In our case building occupancy scenario 
relates volume and surface contamination levels used to estimates the total effective dose equivalent 
(TEDE) received during a year of exposure with the conditions defined in the scenario. This scenario 
accounts for exposure to fixed and removable contamination and to thin layer or surface contamination 
sources within a structure. The building occupant is defined as a person who works in a commercial 
building following license termination. The pathways that apply to the building occupant include:  

� External exposure to penetrating radiation from surface sources;  

� Inhalation of resuspended surface contamination; and  

� Inadvertent ingestion of surface contamination.  

2.1. The building occupancy scenario model 
The building occupancy scenario model includes eight parameters: 

� External dose rate factor for exposure from contamination uniformly distributed on surfaces, 
DFESj (mrem/h per dpm/100 cm2);

� Inhalation committed effective dose equivalent (CEDE) factor, DFHj (mrem/pCi inhaled);  

� Ingestion CEDE factor, DFGj (mrem/pCi ingested); 

� Length of the occupancy period, tto (d); 

� Time that exposure occurs during the occupancy period, to (d); 

� Resuspension factor for surface contamination, RFo (m-1);

� Volumetric breathing rate, Vo (m3/h); 

� Effective transfer rate for ingestion of removable surface contamination from surfaces to hands, 
and from hands to mouth, GO (m2/h). 

The length of the occupancy period (tto), the time that exposure occurs (to), and the effective transfer 
rate for ingestion (GO) are behavioral parameters. The volumetric breathing rate (Vo) is a metabolic 
parameter. The committed effective dose equivalent factors and the resuspension factor are physical 
parameters. As discussed below, the committed effective dose equivalent factors are classified as 

physical parameters because their values depend on the source geometry and contaminant solubility 
class.

The annual TEDE for a parent radionuclide in the building occupancy scenario TEDEOi is calculated 
as a sum of: 

� External dose resulting from external exposure to penetrating radiation from the surface sources 
represented by the parent and daughter (if any) radionuclides, DEXOi;

� CEDE for inhalation resulting from inhalation of resuspended surface contamination 
represented by the parent and daughter (if any) radionuclides, DHOi; and; 

� CEDE for ingestion resulting from inadvertent ingestion of surface contamination represented 
by the parent and daughter (if any) radionuclides, DGO. 

The mathematical formulation of the above is (NUREG/CR-5512, Vol. 1, p. 3.14 [10]):  

TEDEOi = DEXOi + DHOi + DGOi

DEXOi, DHOi, and DGOi are calculated using the average annual surface activity per unit area of the 
parent, Ci, and daughter radionuclides, Cj, during the first year of the building occupancy scenario. 
Although ingrowth of daughter nuclides may, in some cases, cause TEDE to increase with time, in the 
default scenario model the maximum TEDE is assumed to occur during the first year of the scenario to 
simplify the analysis.  

2.2. Calibration of the contamination monitor (Berthold lb 1210 b) 
Calibration was performed at the Secondary Standard Calibration Laboratory (SSDL) at the National 
Institute for Standards, Cairo, Egypt. It was compared to a calibrated instrument (Automess-6150) 
which was used for relative calibration. In the calibration process a standard point source 137Cs with an 
activity 2.2 x 109 Bq placed at 9 cm. The correction factor for the instrument used is 1.088 [11].

3. Results and discussion  
3.1. Activity level measurement 

The activity of radionuclide was measured before and after decontamination at a distance about 10 
cm from the contaminated area. The decontamination factor was calculated and the data are 
represented in table 1. From this table it is clear that the decontamination factor is very high for 
both the wall and floor. This means that high efficiency decontamination process has been carried 
out and this may be due to the presence of an active group in the polar solvent (-OH, -COOH, -
NH2 groups) that makes chelation and adsorption of radioisotopes. Also, the volume of radioactive 
liquid and solid wastes that were produced was very low.  

Table 1. The activity level before and after decontamination 

Contaminated 

Place 

Activity level Bq/cm2 Decontamination 

factor (DF) 

Before 
decontamination. 

After 
decontamination 

Wall 

Floor 

1400 

2000 

8

10

175 

200 

3.2. Total effective dose equivalent (TEDE) before and after decontamination 

Total Effective Dose Equivalent (TEDE  values (mSv/yr) for all pathways (external, inhalation and 
ingestion) before and after decontamination was calculated using D&D computer code version 2.1.0 
and the data are present in Table 2. This table shows that the doses received from external exposure - 
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activity 2.2 x 109 Bq placed at 9 cm. The correction factor for the instrument used is 1.088 [11].

3. Results and discussion  
3.1. Activity level measurement 

The activity of radionuclide was measured before and after decontamination at a distance about 10 
cm from the contaminated area. The decontamination factor was calculated and the data are 
represented in table 1. From this table it is clear that the decontamination factor is very high for 
both the wall and floor. This means that high efficiency decontamination process has been carried 
out and this may be due to the presence of an active group in the polar solvent (-OH, -COOH, -
NH2 groups) that makes chelation and adsorption of radioisotopes. Also, the volume of radioactive 
liquid and solid wastes that were produced was very low.  

Table 1. The activity level before and after decontamination 

Contaminated 

Place 

Activity level Bq/cm2 Decontamination 

factor (DF) 

Before 
decontamination. 

After 
decontamination 

Wall 

Floor 

1400 

2000 

8

10

175 

200 

3.2. Total effective dose equivalent (TEDE) before and after decontamination 

Total Effective Dose Equivalent (TEDE  values (mSv/yr) for all pathways (external, inhalation and 
ingestion) before and after decontamination was calculated using D&D computer code version 2.1.0 
and the data are present in Table 2. This table shows that the doses received from external exposure - 
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before and after decontamination- is greater than that received from inhalation or ingestion. Also, the 
doses received from the floor is higher than that from the wall. This may be due to the concentration of 
radionuclide –before and after decontamination - on the floor greater than that on the wall. 

Table-2. Total effective dose equivalent values before and after decontamination 

Dose (mSv/yr) Contaminated 
place Before decontamination After decontamination 

All 
pathway 

External Inhalation Ingestion All 
pathway 

External Inhalation Ingestion 

Wall 

Floor 

3.05E 0  

4.35E 0 

1.18E 0 

1.68E 0 

1.1E 0 

1.6E 0 

8.77E-1 

1.25E 0 

1.82E-2 

2.27E-2 

6.73E-3 

8.41E-3 

6.45E-3 

8.06E-3 

5.01E-3 

6.26E-3 

Table 3. Reduction factor due to decontamination (ratio of exposure values before and after 
decontamination) 

Contaminated 

Place

All
pathways 

External  Inhalation Ingestion 

Wall 

Floor 

168 

192 

175

200

171

199

175

200

Radioactive wastes produced from the decontamination process (disposal gloves, tissue paper, some 
pieces of cotton) were collected in a plastic container. The dose rate on the surface of the container 
was 0.02 µSv/h. This value is acceptable according to Egyptian and international regulations(12) . The 
total weight of the solid radioactive wastes was about 2 kg, while the volume of the liquid wastes was 
about 0.25 L. 

4. Conclusion  

From this study we can conclude that: 

� The decontamination of iodine-125 from walls and floors can be successfully achieved by using 
ethyl alcohol, EDTA and KMnO4 with low concentrations; 

� D&D computer code easy used to calculate the TEDE and also facilitate the comparison 
between different regulations. 
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Abstract. The research nuclear reactor IRT- M belonged to the Institute of Physics of Georgian 
Academy of Sciences. Its operation came to an end in 1988. Taking into account the lack of financial and 
technical resources, the Institute of Physics issued decision to shut down reactor by grouting the radioactive low 
part of the reactor tank, where the reactor core is placed. It gave us the possibility to carry out decommissioning 
of the reactor using modest finances. Installing a new low-power facility (about 50 kW, nuclear fuel -20% 
enrichement by 235U) onto the free part of the reactor tank was also considered. The proposed facility is designed 
to carry out neutron-activation for producing of radionuclides for medicine, curing tumors by Boron Neutron 
Capture Therapy  (BCNT) and others aims. Solving of all these tasks is very important for Georgia. The plan for 
dismantling of remaining cooling and other auxiliary systems of the reactor IRT-M has already  been elaborated. 
All activities are performed within the frame of new IAEA TC project GEO/3/002.  

1. Introduction 
The IRT-2000 Nuclear Research Reactor of the Institute of Physics, having a power of 2 MW, was 
commissioned in 1960. The IRT-2000 reactor belongs to the group of light water pool-type reactors, in 
which light water is used as moderator, reflector of neutrons, coolant and part of the biological 
shielding of the reactor. In 1967-1968 and 1973-1975 the reactor was subject to two large-scale 
refurbishments. As a result, the aluminum tank and in-tank equipment of the reactor was replaced by 
stainless steel, which is a more corrosion resistent material. The modified reactor IRT-M had power 8 
MW and neutron flux ~ 1014 n/cm2.sec.  

Taking into account the limited life-time and absence of necessary funding for further safe operation 
of the reactor, the Presidium of the Georgian Academy of Sciences issued in 1990 the resolution to 
shut down  the reactor and to decommission it by dismantling. In accordance with this resolution, the 
Institute of Physics developed a method [1], used for decommissioning of IRT-M nuclear reactor. In 
selecting a decommissioning option optimal for Georgia, the following constraints and criteria were 
taken into consideration: 

� There is no repository in Georgia to accept the highly radioactive waste produced during reactor 
dismantling; 

� There is no equipment and experienced staff to carry out full dismantling of the reactor; 

� The full dismantlig cost is very high, the allocated funds are limited. 

Based on these criteria, the Institute of Physics issued a decision to shut down the reactor by grouting 
the low 1/3 part of the reactor tank where reactor core is placed. It gives the possibility to carry out 
decommissioning of the reactor using modest finances and install a new low-power facility (Power   
50 kW, fuel -20% enriching by 235U) onto a free part of the reactor tank (see. Fig.1). This facility can 
be successfully used for solving many important theoretical and practical problems, such as neutron 
diagnostics and therapy, production of radioactive isotopes for medicine, neutron-activation analysis, 
etc. Proposed plan for decommissioning was approved by IAEA [2]. To carry out the planned activity 
it is necessary to make theoretical assessment of radiation protection for concreting procedure and the 
physical characteristics of the proposed new low-power facility. 
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of the reactor, the Presidium of the Georgian Academy of Sciences issued in 1990 the resolution to 
shut down  the reactor and to decommission it by dismantling. In accordance with this resolution, the 
Institute of Physics developed a method [1], used for decommissioning of IRT-M nuclear reactor. In 
selecting a decommissioning option optimal for Georgia, the following constraints and criteria were 
taken into consideration: 

� There is no repository in Georgia to accept the highly radioactive waste produced during reactor 
dismantling; 

� There is no equipment and experienced staff to carry out full dismantling of the reactor; 

� The full dismantlig cost is very high, the allocated funds are limited. 

Based on these criteria, the Institute of Physics issued a decision to shut down the reactor by grouting 
the low 1/3 part of the reactor tank where reactor core is placed. It gives the possibility to carry out 
decommissioning of the reactor using modest finances and install a new low-power facility (Power   
50 kW, fuel -20% enriching by 235U) onto a free part of the reactor tank (see. Fig.1). This facility can 
be successfully used for solving many important theoretical and practical problems, such as neutron 
diagnostics and therapy, production of radioactive isotopes for medicine, neutron-activation analysis, 
etc. Proposed plan for decommissioning was approved by IAEA [2]. To carry out the planned activity 
it is necessary to make theoretical assessment of radiation protection for concreting procedure and the 
physical characteristics of the proposed new low-power facility. 
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Figure 1. Concreted lower part (20 m3); 2 – The model of a new low-power facility installed into free 
space of the reactor tank (intended for future); 3 – Free space. 

2. Grouting the reactor and assessment of shielding efficiency 
Before carrying out the concrete-pouring into the lower highly radioactive part of the reactor tank, a 
theoretical estimation of gamma-radiation on the surface of concrete has been made [3]. The computer 
programme “MicroShield” was used for this purpose. First of all, different possible shielding materials 
were evaluated. The analysis clearly shows a preference for concrete, considering the financial 
resources and technical aspects of the planned work. It should be emphasized that, according to 
calculations, the amount of concrete necessary to reduce gamma dose rate to natural background is not 
very large, and there is enough space in the reactor tank to install a low-power nuclear facility. At the 
same time, the use of concrete excludes the possibility to illicitly remove any radioactive pieces from 
the in-tank volume and disperse radioactivity to the environment in case of diversion or exposure.   

Based on theoretical data, the filling with concrete of the lower radioactive part of the reactor tank and 
reactor in-tank equipment was carried out, during which the equivalent dose rates were measured at 
each operational step. Before conducting the contcreting, all spent and fresh fuel was sent out of 
Georgia. The whole activity was carried out with IAEA technical support [4]. The comparison of 
calculated and measured values of equivalent dose rates showed a good agreement. Before covering 
the lower part of the tank with concrete, the water was pumped out to the mark 2.85 m above the tank 
bottom level. The gamma dose rate measured on the surface of water was 5�Sv/h, while the calculated 
value of the dose rate was 8.75�Sv/h. After lowering the water level, the lower part of the tank with its 
in-tank equipment was filled with concrete mortar up to the mark 1.75 m from the tank bottom using 
underwater concrete-covering. The thickness of water layer above the concrete was 2.85 m. The 
measured dose rate on water surface appeared to be 0.4 �Sv/h, which corresponds to natural 
background for such facilities, while the calculations, in which the background was not taken into 
account, gave practically zero. After full pumping of the water from the tank, the gamma dose 
measured on the surface of concrete masonry was 25 �Sv/h and its calculated value was 26.6 �Sv/h. 

According to the theoretical estimations, for reducing the gamma dose rate on the surface of protective 
concrete block in the reactor tank practically down to natural background, the further concrete-
covering of the tank from the mark 1.75 m to the mark 2.9 m was implemented by using sand-cement 

mortar of 0.5 m thickness and barite-cement mortar of 0.65 m thickness, which gave almost 
background gamma-irradiation on the shield [5]. 

Other plans for dismantling of remaining coolant and other auxiliary systems of the reactor have been 
elaborated. All activities are performed within the frame of IAEA TC project [6]. Before the 
elaboration of the programmes an ad-hoc radiation survey was conducted. The obtained results 
showed that the gamma contamination of secondary circuit is sufficiently lower than 1 Bq/cm2 . The 
primary circuit is characterized by higher contamination. 

3. Physical characteristics and safety of proposed new low-power nuclear facility 
If such a facility is installed onto the remaining free part of the redundant reactor tank, according to 
the calculations, the gamma dose rate at the surface of water with the thickness of 3 m above the core 
is 0.75 �Sv/h (this value for the redundant reactor at water thickness of 6 m was 1.5-2 �Sv/h). The 
most important problem in installing and operating of any nuclear facility, and in particular, of the 
proposed low power nuclear facility, is nuclear and radiation safety during their operation. As 
calculations conducted by computer programme “MCNP” showed for providing maximum radiation 
safety of proposed  low-power nuclear facility it is necessary that the share of water in core equals 
60% and maximum reserve reactivity should not exceed the share of delayed neutrons. At that 
conditions  the temperature of fuel elements clad equals minimum value and there are no situations the 
facility could reach over-critical conditions.It is important to emphasize that at the same time flux of 
heat neutrons equals (2-3.5)x1012n/cm2s and reactor operation could last several years. 

4. Conclusion 
Calculations showed a high safety level for reactor grouting which were confirmed in practice. To 
summarize the results of these activities it is important to emphasize, that the method of 
decommissioning elaborated by Institute of Physics of Georgian Academy of Sciences is: 

� Radiologically safe, ecologically clean and seismically stable; 

� Comparably little labor consuming and feasible; 

� No genergation of additional highly radioactive solid or liquid waste to store and transport; 

� No large financial and material expenditures. 

Taking into account that such types of reactors were built in many countries: Russia, Belarus, Latvia, 
China and others, this decommissioning strategy can be used worldwide. In particular this strategy 
allows the installing of a new low-power facility on top of the old reactor. It is also important that 
theoretical assessment of physical parameters of proposed new low-power facility confirmed that it 
can operate with high efficiency and safety.  
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Experience in site decommissioning of AECL Whiteshell laboratories 
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Abstract. Whiteshell Laboratories (WL) is a Nuclear Research and Test Establishment near Winnipeg, 
Canada, operated by AECL since the early 1960s and is now under decommissioning.  WL occupies 
approximately 7,000 ha of land and employed more than 1000 staff up to the mid-1990s.  Nuclear operations 
carried out at WL included a research reactor, hot cell facilities, waste management, reactor safety research, 
nuclear materials research, accelerator technology, biophysics, and industrial radiation applications.  

In preparation for decommissioning, a comprehensive environmental assessment was successfully completed 
and in 2002, the Canadian Nuclear Safety Commission issued a decommissioning licence for WL - the first 
decommissioning license issued for a Nuclear Research and Test Establishment in Canada. 

Decommissioning is now underway, focusing on decontamination of nuclear facilities, laboratories and 
associated service systems, to achieve a safe state of storage-with-surveillance.  Redundant non-nuclear 
buildings are being removed.  Later phases have planned waste management improvements for selected wastes 
already in storage, eventually followed by final decommissioning of all facilities and infrastructure and removal 
of most wastes from the site. 

WL site decommissioning is project that engages most aspects of nuclear decommissioning and is at a stage of 
implementation where it has some unique experiences and lessons to share.  Selected topics discussed in this 
paper are: site characterization, environmental assessment, public consultation, regulation, capability 
maintenance, compliance, site operation, cost control, and fitness-for-service of waste storage facilities. 

1. Overview of Whiteshell laboratories and facilities
AECL operates two nuclear R&D laboratories in Canada, Chalk River Laboratories (CRL) near 
Ottawa, Ontario, and Whiteshell Laboratories (WL), near Winnipeg, Manitoba. AECL Whiteshell 
Laboratories have been in operation since the early 1960s. In the late-1990s, AECL began to 
consolidate research and development activities at CRL and initiated preparations for 
decommissioning WL. WL Decommissioning work is now underway.

R&D programs carried out at Whiteshell Laboratories during approximately 40 year of operating 
history included the 60 MW WR-1 organic liquid-cooled research reactor, which operated from 1965 
to 1985, shielded facilities, materials science, post irradiation examination, reactor safety research, 
small reactor development, chemistry, biophysics and radiation applications. The Canadian Nuclear 
Fuel Waste Management Program was conducted at WL and also at the nearby Underground Research 
Laboratory. Figure 1 is an aerial view of the Whiteshell Laboratories, showing the Winnipeg River in 
the background. 

WL is a useful case study for decommissioning and it has some unique experiences and lessons to 
share.  WL is a comparatively recent construction (1960s) and therefore does not have many of the 
uncertainties, legacy and waste management issues that predominate in facilities of earlier 
construction. At WL, the facilities are still in essentially original condition. The design, modifications 
and operating history of the facilities and infrastructure are well documented. The WL waste 
management area is a secure and environmentally sound design, with favorable geography and 
hydrology. Therefore, WL decommissioning is an opportunity for exercising modern 
decommissioning practices in a manner less hindered by lack of information and on-going mitigation 
of legacy issues. 
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Figure 1. Aerial photograph of AECL Whiteshell laboratories 

The WL Decommissioning Project scope encompasses all the site buildings, facilities, land and 
infrastructure associated with the WL site.  The decommissioning of WL is planned in phases: Phase 1 
undertakes decontamination and modifications to nuclear facilities, laboratories and the associated 
service systems, to achieve a safe state of storage-with-surveillance while reducing the cost of 
maintaining the facilities in the safe state.  Phase 2 maintains the storage-with-surveillance state of the 
decommissioning facilities and undertakes waste management improvement activities for selected 
wastes already in storage. Phase 3 maintains the storage-with surveillance state, followed by final 
decommissioning of facilities and infrastructure and removal of most wastes from the site. 

2. Decommissioning - environmental assessment and licensing 
Prior to decommissioning, AECL was required to obtain a decommissioning licence from its regulator, 
the Canadian Nuclear Safety Commission (CNSC). As part of the documentation provided in support 
of the licence submission, AECL completed an environmental assessment (EA) in accordance with the 
Canadian Environmental Assessment Act (CEAA) [1]. 

The EA culminated in publication of the Comprehensive Study Report (CSR) [2]. The CSR was 
formally reviewed by experts from provincial and federal government departments and by the public.  
In April 2002 the Federal Minister of the Environment responded with a decision that the 
decommissioning of Whiteshell Laboratories ‘is not likely to cause significant adverse environmental 
effects and that no further environmental assessment by a review panel or mediation is warranted’. 

Successful completion of the EA cleared the way for application to the CNSC for a decommissioning 
licence. In the licence application, the Commission considered written and oral submissions from 
AECL, CNSC Staff and several interveners, over the course of two public hearings. The WL 
decommissioning licence was issued December 31, 2002 and is valid until end of 2008.  

Issuance of the WL decommissioning licence was significant. This was the first overall site 
decommissioning licence issued for a Nuclear Research and Test Establishment in Canada. It was also 
the longest licence term ever granted for a nuclear installation of this complexity.  

3. Organizational processes for decommissioning 

3.1. Management of work to protect employees and the environment 
AECL’s Occupational Safety & Health (OSH) and Radiation Protection Programs provide a 
management system and processes that, together with active employee involvement, ensure the safety 
and health of people in all aspects of AECL’s activities. 

Work planning, documented working procedures and worker training are used to ensure that hazards 
are identified and mitigation measures are implemented. Work plans are independently reviewed and 
approved by technical experts and by company-wide Compliance Program staff (e.g., Radiation 
Protection and Environmental Protection). Depending on the level of risk or hazard associated with the 
activity, work plans may also be reviewed by the AECL Safety Review Committee (SRC) and staff of 
the regulator, Canadian Nuclear Safety Commission (CNSC). The Facility Authority authorizes all 
work plans. 

The details of individual work packages are discussed, reviewed and rehearsed, as required, with work 
teams prior to the start of work. Facility Managers, or designated supervisors, authorize the day-to-day 
work carried out in their facilities through AECL’s Work Permit process, which includes pre-checks 
that radiological and industrial health and safety measures are in place to protect AECL staff, 
contractor personnel and the environment before the work can begin. 

Safety-related systems, such as ventilation systems and active drain systems are removed or modified 
only after a thorough review is completed to ensure that the system is no longer required or an 
alternate system is in place. 

Where it is not practical for AECL to sustain expertise in-house, or where additional expert resources 
are required for time-limited tasks, contractors qualified to undertake this type of work are hired.  
Contractor staff must have the appropriate level of Radiation Protection training before they are 
permitted to work on WL property. 

AECL, as a Federal Crown Corporation, is regulated under the Canada Labour Code. Human 
Resources Development Canada (HRDC) routinely conducts inspections of WL with respect to the 
requirements of the Canada Labour Code and associated occupational safety and health regulations. 

Emergency plans and procedures are maintained, resourced and exercised, as required under AECL’s 
Emergency Preparedness Program. Furthermore, WL has qualified fire fighting staff, procedures, and 
modern equipment for dealing with fires. 

3.2. Quality planning 
AECL’s Quality Assurance (QA) Program is based primarily on the Canadian Standards Association 
(CSA) N286 series of Standards for Nuclear Power Plants. 

The Company-Wide Decommissioning Quality Assurance Manual applies to the activities related to 
the decommissioning of a nuclear facility, from the declared final shutdown to the clearance of the 
site. It outlines the common elements of the associated management roles and responsibilities, and the 
company-wide procedures used to manage decommissioning activities across AECL’s sites. 

The Whiteshell Laboratories Decommissioning QA Plan identifies the specific management 
responsibilities, the working procedures and operating instructions for decommissioning at the 
Whiteshell site. 
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4. Decommissioning activities 

4.1. Shielded Facilities 
The Shielded Facilities include a 1200 m2 Hot Cell Facility (see Figure 2), and a 1300 m2 Immobilized 
Fuel Test Facility, together with associated systems and operating areas.  Seven of the twelve Hot 
Cells are under active decommissioning.  The manipulators have been removed and services (air, 
distilled and process water, electrical) have been disconnected and the lines removed.  Mechanical 
transfer elevators were dismantled and removed.  Equipment such as shelves and brackets and other 
appurtenances were removed from the cells by mechanical means (cutting, grinding, etc).  Associated 
experimental equipment, such as a Scanning Electron Microscope has been completely removed. 

Figure 2.  Whiteshell laboratories shielded facilities (Cells 1-7) 

4.2. Active liquid waste immobilization 
AECL has Active Liquid Wastes (ALW) stored at Whiteshell Laboratories. These result from 
reprocessing and fissile material separation experiments conducted in the 1970s and 1980s. 

The ALW consist of: aproximately 150 litres of solution, resulting from CANDU fuel processing 
experiments, 75 litres of waste from a Thorium Fuel Reprocessing Experiment (TFRE), and 600 litres 
of a non-irradiated Uranium-Thorium solution (UTS). AECL is in the process of immobilizing these 
wastes in cemented form for interim storage until permanent disposal facilities are available. 

4.3 Site general infrastructure 
The Whiteshell licensed site and general infrastructure (SGI) includes all buildings, facilities, 
temporary structures, laboratories, services, and all affected land at WL, excluding licensed nuclear 
and radioisotope facilities. The SGI includes service buildings such as the water pump-house and 
treatment plants, facilities such as the site sewage lagoon and the site drainage systems, laboratories 
for non-nuclear experimentation, services including district heating and electrical power, and all land 
that may have been impacted by site nuclear development, nuclear operations or supporting activities.

Radiologically inactive buildings are generally confined to the south side of the WL site. These 
buildings once housed administration, design engineering and general service functions.   

4.4. Removal of temporary structures 
A variety of redundant trailers and temporary structures were situated within the site-supervised area.  
Prior to disposition, these units were radiologically surveyed. Trailers and sheds that were in 
serviceable condition and cleared for unrestricted release were donated to charitable organizations. 

4.5. Shallow borehole remediation 
A network of instrumented shallow boreholes was created over a time frame from the 1960s to the 
early 1980s, to assess the hydrogeological conditions of AECL’s Waste Management Area (WMA), 
which covers an area of about 5 ha. The studies were done on a block of land approximately 5 km by 2 
km (1000ha) extending from a local upland area, westward through relatively flat land, to the 
Winnipeg River. Only a small portion of the total network of more than 500 boreholes will be retained 
for future monitoring purposes; the rest will be closed. 

4.6. Enhanced monitoring 
The enhanced monitoring program will supplement the continuing environmental site monitoring to 
confirm the EA findings, evaluate the performance of mitigation measures, support the end-state 
proposed for some project components and determine the fitness-for-service of WMA storage 
facilities. The following are examples of enhanced monitoring initiatives: 

Waste Management Area (WMA). Additional monitoring and characterization investigations are 
being initiated to confirm hydrogeological conditions for the WMA, to support assessments of interim 
storage in the WMA and the proposed final end states of facilities in the WMA. Investigations have 
included visual inspections, geophysical surveying, drilling and soil sampling, hydrogeological data 
evaluation and conventional mapping.  

Inactive Landfill. Enhanced monitoring of the inactive landfill is being done to ensure that the 
groundwater quality down gradient from the landfill site remains acceptable.  Geotechnical and waste 
characterization data will also be required to provide a closure plan for the landfill site.  A variety of 
geotechnical characterization work has been carried out on the landfill, including electrical 
conductance mapping, conventional surveying and terrain typing. 

River Sediments. Sampling of river sediments provides assurance that the conclusions of the 
Winnipeg River Sediment Assessment, documented in Volume 2 of the Comprehensive Study Report 
[2] remain valid over the entire duration of the decommissioning project. The areas to be monitored 
include an upstream location and selected down stream locations on the Winnipeg River. 

5. Lessons learned 
Site characterization, using accepted international methods (i.e., MARSIMM) and solicited expert 
opinion is vital to defining the technical and geographical scope of the project, achieving regulatory 
certainty and avoiding unnecessary cost. At WL, all sediments at the outfall to the Winnipeg River and 
nearly all entrenched low level wastes and outfall were shown to be acceptable for abandonment in 
situ. As well, more than 4000 ha of the site property were shown to be unaffected by nuclear 
operations and excluded from the scope of the project. 

Inventory estimates were used to assess the potential effects on humans and non-human biota in the 
river. It was determined that, even with extremely conservative dose estimation methods, the doses 
would be below accepted guidelines. Therefore, it was confirmed the operation of the Whiteshell 
Laboratories had led to no significant impact in the river sediments and remediation of the sediments 
was not required as part of the WL decommissioning project. The CNSC and other stakeholders of the 
environmental assessment agreed with this conclusion. 

Public consultation was proactively undertaken, to the benefit of the project.  In the WL experience, 
socio-economic issues of site closure (loss of jobs, disruption of communities, political implications) 
were of comparable importance to health, safety and environmental aspects. Interveners proposed the 
shortening of decommissioning timeframes to concentrate economic activity in the near term and to 
reduce the burden on future generations.  Shortening of decommissioning timeframes, and avoiding 
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lengthy deferment periods, was also shown by AECL to reduce costs. AECL has since modified plans 
with view to advancing decommissioning schedules. 

Regulation of decommissioning is maturing at pace with the industry.  A well-planned 
decommissioning project will anticipate unique situations from a regulatory perspective and provide 
time for an orderly regulatory process. Some regulatory priorities that can be anticipated for 
decommissioning are: work planning and verification, quality assurance, ALARA programs, and non-
nuclear hazard assessment. 

Attrition of the operating work force, as operational shutdown advances to decommissioning, is a 
continuing challenge that demands elevated attention applied to recruitment, training and succession 
planning. 

Fitness-for-service of waste storage facilities requires assessment and potential remediation, when 
construction of disposal facilities is far in the future. 

Deferment of final decommissioning, when disposal facilities are unavailable, is costly. If storage 
of contaminated waste volumes is manageable, full decommissioning is usually the lower cost and risk 
path. Decommissioning plans are being revised to advance full decommissioning where feasible. 

6. Summary
AECL has started decommissioning the Whiteshell Laboratories, an integrated nuclear research 
laboratory constructed in the 1960s. As a prerequisite to AECL’s application for a decommissioning 
licence a formal Environmental Assessment was completed in accordance with Canadian 
environmental assessment legislation.  Following successful completion of the EA, in 2002 December 
AECL obtained a decommissioning licence for WL, the first overall decommissioning license issued 
for a Canadian Nuclear Research and Test Establishment. 

Decommissioning is now underway and focuses on decontamination and modifications to nuclear 
facilities, such as the shielded facilities, the main R&D laboratories and the associated service 
systems, to achieve a safe state of storage-with-surveillance. Later phases have planned waste 
management improvements for selected wastes already in storage, eventually followed by final 
decommissioning of facilities and infrastructure and removal of most wastes from the site. 

Whiteshell Laboratories site decommissioning engages most aspects of nuclear decommissioning and 
has reached a stage of implementation to share some unique experiences, in areas of site 
characterization, environmental assessment, public consultation, regulation, capability maintenance, 
site operation, and fitness-for-service of waste storage facilities. 
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 Abstract. This paper describes the problems associated with the discovery and planned 
decommissioning of areas that contained radionuclide thermal generators (RTGs). The very high radioactive 
content of these devices poses unique challenges. 

1. Introduction 
One of the peaceful uses of atomic energy is the production of electricity via radioactive strontium’s 
decay in radioisotope thermoelectric generators (RTGs) for power supply of beacons, radio-beacons, 
and radio-weather stations. These are installed in remote uninhabited territories and do not require 
presence of operational personnel. 

The Republic of Tajikistan, as well as other republics of the former USSR, used radioisotope 
thermoelectric generators (RTGs) as electricity power source for autonomous hydro- and weather-
navigation equipment, located in hard-to-reach mountainous areas. 

Radionuclide heating sources (RHS) in all RTGs are made on the basis of Strontium-90 (half-life 29.1 
years). Depending on type, RTGs may contain 185 to 12.950 TBq. The total activity of all produced 
RTGs taking into account daughter radionuclide - Yttrium-90 is about 3.7 PBq.  

RTGs were under permanent control in the former USSR. However, after the disintegration of the 
USSR, hundreds of these small facilities, equipped with powerful sources, have been left without 
control. The radioactive substance contained within them may easily be used as a source for a 
radiation dispersion device (RDD). Using the Strontium-90 (as a material for a common bomb, this 
radioactive substance can be dispersed after an explosion). Having detonated one of these “dirty 
bombs”, a terrorist could contaminate entire parts of towns.  

The only organization in the Russian Federation that develops, produces, makes general overhauls, 
modernization and prolongation of RTGs is the All-Russian Research Institute of Technical Physics 
and Automatization in Moscow. This Institute supplies RTGs to various ministries, bodies and 
enterprises. The main customers of the Institute are the Ministry of Defense, the Ministry of Transport, 
Goskomgidromet and the Ministry of Geology.  

The basis of the Soviet RTGs is a capsule containing Strontium-90, which is surrounded by biological 
protection. If the strontium capsule were dissolved and made into solution, the dispersion of the 
solution could create more serious concerns. However, during the preparation of such a solution, fatal 
radiation doses may be received by the individuals preparing it. But there have been instances when 
unprotected RTGs have been opened and their sources have been taken out.  

RTGs are sources of autonomous power supply with direct voltage from 7 to 30 volts for various 
autonomous equipment with wattage from several watts up to 80 watts. Various electrical equipment 
are used jointly with RTGs: this equipment ensure accumulation and conversion of electricity, which 
is produced by the generator. 

RHS-90 is a sealed source, in which fuel composition in the form of ceramic Strontium-90 titanate is 
encapsulated two times using argon arc welding. The capsule is protected from external action by 
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lengthy deferment periods, was also shown by AECL to reduce costs. AECL has since modified plans 
with view to advancing decommissioning schedules. 

Regulation of decommissioning is maturing at pace with the industry.  A well-planned 
decommissioning project will anticipate unique situations from a regulatory perspective and provide 
time for an orderly regulatory process. Some regulatory priorities that can be anticipated for 
decommissioning are: work planning and verification, quality assurance, ALARA programs, and non-
nuclear hazard assessment. 

Attrition of the operating work force, as operational shutdown advances to decommissioning, is a 
continuing challenge that demands elevated attention applied to recruitment, training and succession 
planning. 

Fitness-for-service of waste storage facilities requires assessment and potential remediation, when 
construction of disposal facilities is far in the future. 

Deferment of final decommissioning, when disposal facilities are unavailable, is costly. If storage 
of contaminated waste volumes is manageable, full decommissioning is usually the lower cost and risk 
path. Decommissioning plans are being revised to advance full decommissioning where feasible. 

6. Summary
AECL has started decommissioning the Whiteshell Laboratories, an integrated nuclear research 
laboratory constructed in the 1960s. As a prerequisite to AECL’s application for a decommissioning 
licence a formal Environmental Assessment was completed in accordance with Canadian 
environmental assessment legislation.  Following successful completion of the EA, in 2002 December 
AECL obtained a decommissioning licence for WL, the first overall decommissioning license issued 
for a Canadian Nuclear Research and Test Establishment. 

Decommissioning is now underway and focuses on decontamination and modifications to nuclear 
facilities, such as the shielded facilities, the main R&D laboratories and the associated service 
systems, to achieve a safe state of storage-with-surveillance. Later phases have planned waste 
management improvements for selected wastes already in storage, eventually followed by final 
decommissioning of facilities and infrastructure and removal of most wastes from the site. 

Whiteshell Laboratories site decommissioning engages most aspects of nuclear decommissioning and 
has reached a stage of implementation to share some unique experiences, in areas of site 
characterization, environmental assessment, public consultation, regulation, capability maintenance, 
site operation, and fitness-for-service of waste storage facilities. 
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 Abstract. This paper describes the problems associated with the discovery and planned 
decommissioning of areas that contained radionuclide thermal generators (RTGs). The very high radioactive 
content of these devices poses unique challenges. 

1. Introduction 
One of the peaceful uses of atomic energy is the production of electricity via radioactive strontium’s 
decay in radioisotope thermoelectric generators (RTGs) for power supply of beacons, radio-beacons, 
and radio-weather stations. These are installed in remote uninhabited territories and do not require 
presence of operational personnel. 

The Republic of Tajikistan, as well as other republics of the former USSR, used radioisotope 
thermoelectric generators (RTGs) as electricity power source for autonomous hydro- and weather-
navigation equipment, located in hard-to-reach mountainous areas. 

Radionuclide heating sources (RHS) in all RTGs are made on the basis of Strontium-90 (half-life 29.1 
years). Depending on type, RTGs may contain 185 to 12.950 TBq. The total activity of all produced 
RTGs taking into account daughter radionuclide - Yttrium-90 is about 3.7 PBq.  

RTGs were under permanent control in the former USSR. However, after the disintegration of the 
USSR, hundreds of these small facilities, equipped with powerful sources, have been left without 
control. The radioactive substance contained within them may easily be used as a source for a 
radiation dispersion device (RDD). Using the Strontium-90 (as a material for a common bomb, this 
radioactive substance can be dispersed after an explosion). Having detonated one of these “dirty 
bombs”, a terrorist could contaminate entire parts of towns.  

The only organization in the Russian Federation that develops, produces, makes general overhauls, 
modernization and prolongation of RTGs is the All-Russian Research Institute of Technical Physics 
and Automatization in Moscow. This Institute supplies RTGs to various ministries, bodies and 
enterprises. The main customers of the Institute are the Ministry of Defense, the Ministry of Transport, 
Goskomgidromet and the Ministry of Geology.  

The basis of the Soviet RTGs is a capsule containing Strontium-90, which is surrounded by biological 
protection. If the strontium capsule were dissolved and made into solution, the dispersion of the 
solution could create more serious concerns. However, during the preparation of such a solution, fatal 
radiation doses may be received by the individuals preparing it. But there have been instances when 
unprotected RTGs have been opened and their sources have been taken out.  

RTGs are sources of autonomous power supply with direct voltage from 7 to 30 volts for various 
autonomous equipment with wattage from several watts up to 80 watts. Various electrical equipment 
are used jointly with RTGs: this equipment ensure accumulation and conversion of electricity, which 
is produced by the generator. 

RHS-90 is a sealed source, in which fuel composition in the form of ceramic Strontium-90 titanate is 
encapsulated two times using argon arc welding. The capsule is protected from external action by 
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thick casing of RTG, which is made from stainless steel, aluminum and lead. Biological shielding is 
made in such a way that on the surface of device the radiation dose is not higher than 200 
milliroentgens per hour, and at the distance of 1 meter from the object is up to 10 milliroentgens per 
hour. 

At the production RHS-90 contains from 30 till 180 kCi Sr-90. Gamma-radiation dose rate of RHS-90 
itself without metallic protection reaches 400-800 roentgen per hour at the distance of 0,5 m and 100-
200 roentgen per hour at the distance of 1 meter from RHS-90. 

Table 1. Radioactive element RHS-90 

Size of cylinder 10x10 cm 

Weight 5 kg 

Capacity 240 Watts 

Ratio of strontium-90  1500 TBq (40000 Ci) 

Surface temperature 300-400  C

Exposure dose rate at the distance of  0.02 - 0.5 m is 2 800 - 1 000 roentgen per hour.  

RHS-90 reaches a safe activity level only after 900-1000 years. According to the point of view of RTG 
designers, even in the case of RHS-90 release into in the environment as the result of an accident or 
unauthorized extraction  from RTGs, the integrity of the source could be destroyed only in the result of 
its direct, purposeful destruction. 

RHS-90, which is found without radiation protection barriers, will cause a serious threat for people, 
which are close to it. Radiation contamination of the environment is excluded as to date no such 
incident has ever occurred. Experimental explosion of the powerful explosive attached to the small 
RTG (57IK) had destroyed the RTG but not the RHS.  

As of today it is determined that there are about 1 000 RTGs on the territory of the Russian Federation 
and about 30 on the territory of other countries. It is supposed that the USSR constructed in total about 
1500 RTGs. The operational period of all RTGs is about 10 years. Today all RTGs, which are being 
used, have finished their operational periods and must be disused. RTGs user in the Republic of 
Tajikistan was Tojikgidromet enterprise. 

Designer of construction documents of RTGs was VNIIITFA (All-Russian Research Institute of 
Technical Physics and Automatization) in Moscow. Documentation was transferred to the producing 
factory.  

Figure 1. RTGs in the Republic of Tajikistan. 

According to unofficial data, there were 15 RTGs installed in the Republic of Tajikistan during the 
Soviet Union by Tajikgidromet (Tajikistan’s hydremeteorological service). After expiration of their 
operation life, most of these RTGs were disassembled and shipped back to the Soviet Union. Control 
over some of the RTGs in the Republic of Tajikistan was lost during the period of civil war. 

The employees of the Ministry of Extreme Situations and Civil Defense of the Republic of Tajikistan 
(MESCD) accidentally detected an emergency situation in the territory of a coal storehouse of 
Tajikgidromet in Dushanbe. This emergency situation was caused by the loss of one of four RTGs. 
The dose rate at the distance of one meter from the source was 180 microsieverts per hour. 

Figure 2. RTGs in the coal storage facility of “TAJIKHYDROMET”, Dushanbe 1998 

From 1998 till 2000 all four RTGs were transported for temporary storage to the Tajikistan 
Republican Waste Repository Site (TRWRS) (the emergency RTG was transported in 1998 and the 
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other three RTGs in 2000). The emergency RTG was placed in a specially designed concrete 
container. 

It is necessary to note that productive capacity of the TRWRS is 7.4 TBq, but the activity of the 4 
RTGs is about 3 PBq. 

Today, the possibility of exporting these four RTGs from the territory of the Republic of Tajikistan to 
the Russian Federation is being considered. 

Specialists of the Republic of Tajikistan face the problem of investigating possible locations of RTGs 
in mountain areas. Today it is not known exactly whether any RTGs remain in the mountain territories 
or if all of them were successfully evacuated to the Russian Federation. Neither Tajikgidromet 
eneterprise nor any other organization has such information. 

The possible threat of using the RTGs as a “dirty” bomb by terrorist groups boosts the risk and taking 
this factor into account the advisability of exporting these items back to the Russian Federation 
becomes evident. 

The procedure for handling RTGs found in the Republic of Tajikistan is planned to consist of four 
stages: 

� Stage 1. Perform an investigation and search mountainous areas by specialists of MESCD and 
Nuclear and Radiation Safety Agency (Regulatory Authority) of the Academy of Sciences of 
the Republic of Tajikistan (NRSA). Receive expert assistance for RTGs from specialists from 
Minatom of the Russian Federation and IAEA experts. Assistance should focus on how to store 
these RTGs in TRWRS and to determine their transportation requirements; 

� Stage 2. Transportation of RTGs from TRWRS by special transport to an interim platform and 
area of Tajik railways for loading to special carriage; 

� Stage 3. Transportation of RTGs in special a carriage by train to the Russian Federation for 
dismantling and extraction of the radioisotope sources. Radioactive sources will be placed in 
special transport containers and placed in special carriages; 

� Stage 4. Transportation of high-level radioactive sources, extracted from RTGs, in transport 
containers by special railroad car to State Enterprise “Mayak” (Ozyorsk-city, Chelyabinskaya 
oblast) for disposal. 
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Decommissioning of the EWA research reactor 

T. Matysiak, K. Nowicki, W. Mieleszczenko

Institute of Atomic Energy, Swierk Center, 
Poland

Abstract. The EWA reactor decommissioning activities started in 1995 and were mostly aimed at the 
possibility of constructing in the reactor well a dry storage facility for the spent nuclear fuel collected at the 
�wierk Center. ue to that, the EWA reactor decommissioning plan prepared with IAEA support didn’t foresee 
the complete liquidation of the facility. The EWA reactor decommissioning activities started in 1995 and was 
mostly aimed in creating the possibility for construction in the reactor well a dry storage facility for the spent 
nuclear fuel collected at the �wierk Center. Due to that objective, the EWA reactor decommissioning plan 
prepared with IAEA support didn’t foresee the complete dismantling of the facility. 

The decommissioning activities were completed in 2001. This paper includes: 

� Short facility description and history of its operation; 

� Scope of decommissioning; 

� Specification of radioactive wastes generated during decommissioning; 

� Description of radiological protection system during reactor dismantling; 

� Assessment of reactor decommissioning; 

� Foreseen utilization of the reactor facility after decommissioning. 

1. Introduction 
The research reactor EWA of WWR type was constructed on the basis of a Soviet design. The 
construction started in May 1956 and the reactor reached first criticality on 30 May 1958. 

The total operating time of EWA reactor during its 37 years’ operating period (till February 1995) is 
about 118 027 hours. 

Basic operational parameters of the EWA reactor were as follows: 

� Nominal thermal power: 10 MW; 

� Average thermal neutron flux: 0.87 x 10 14 n/(cm2);

� Max. thermal neutron flux: 1.25 x 10 14 n/(cm2).

2. Scope of decommissioning 
The scope of EWA reactor decommissioning is largely associated with the anticipated useage of this 
plant. According to the approved “Decommissioning Plan” it was decided that the dry spent fuel store 
would be installed in EWA reactor facility at the completion of decommissioning. Therefore, the 
scope of decommissioning comprised: 

� Removal of the contaminated media (coolant, ion-exchange beds etc.) from the reactor circuits;  

� Dismantling of reactor tank equipment (isotope channels, control and safety rods channels, 
neutron measurement channels etc.); 

� Dismantling of core separator together with its structural elements (including beryllium blocks); 

� Dismantling of thermal column along with graphite blocks and cooling system; 

� Dismantling of reactor primary cooling system (heat exchangers, filtration facilities, circulation 
pumps, piping, valves and gates); 
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� Components of the core emergency cooling system; 

� Dismantling of central and bioshield tanks; 

� Dismantling of fuel storage tank and its equipment; 

� Dismantling of I&C installation; 

� Dismantling of the electric power supply system (stationary batteries 220/110 V, 48 V, 
emergency power supply converters, wiring). 

The main goal of facility decommissioning was the removal of activated and/or contaminated 
elements and materials, which constituted the major parts of reactor technological systems. 
Dismantling techniques were selected, taking account of: 

� Minimisation of radiation exposures for personnel directly participating in dismantling work; 

� Minimisation of radwaste quantities; 

� Activation and contamination of the elements to be dismantled; 

� Dimensions and material of elements; 

� Their localisation in the facility; 

� Simplicity of dismantling tools and equipment; 

� Maximum material retrieval for recycling; 

� Minimisation of decommissioning costs. 

Specific features of the nuclear reactor systems and higher level of radiological hazards required 
special conditions in dismantling work, especially: 

� Preparation of safety procedures; 

� Preparation of detailed operational procedures; 

� Preparation of appropriate equipment and tools; 

� Permanent dosimetry supervision. 

Moreover, additional activities were required: 

� Designing and manufacturing of special tools for remote dismantling: 

� Detailed plan preparation, based on operational experience and code calculations; 

� Providing physical protection of the facility during decommissioning. 

Nuclear facility decommissioning was realised for the first time in Poland. There had been no other 
experience in this field and no organisations were ready for such an enterprise. Another difficulty was 
due to fact, that most of the highly experienced reactor operation staff were retired after reactor 
shutdown. 

3. Characteristics and quantities of radioactive waste arising during EWA reactor 
decommissioning

During the EWA reactor decommissioning process significant quantities of wastes arose. Referring to 
their physical and chemical nature the wastes can be divided into: 

� Solid wastes, produced in the dismantling of structural components of reactor technological 
systems, 

� Liquid wastes, resulting from cooling circuits media or from decontamination. 

From the view point of radiological hazard, the wastes generated during dismantling can be 
subdivided into three groups: 

Group A 

Neutron-activated components and surface superficially contaminated components due to the contact 
with the reactor primary coolant or contaminated air. In this group there are reactor structural 
components such as: reactor vessel with its internals, fuel storage tank, primary reactor cooling circuit 
components made of aluminium (not subject to full decontamination), graphite blocks of the thermal 
column and some other components of the exhaust ventilation system. The radwastes from this group 
were transferred to the National Waste Repository. 

Group B 

Components generated by the dismantling of the technological systems which can be used within the 
boundary monitored zone. Here are included the components which after complete decontamination 
receive appropriate radiological certificates. This group also included various valves and gates made 
of stainless steel, dismantled from primary reactor cooling circuit circulation pumps etc. 

Group C 

Components generated by the dismantling process which can be designated for unlimited use (mainly 
for recycling). There were components non-activated and not contaminated as well as those salvaged 
after full decontamination which received radiological certificates. This group of wastes included: 
components of the secondary cooling circuit, apparatuses beyond the technological systems, wiring 
and electric cables, components of the supply and exhaust technological ventilation systems (after 
decontamination), components of the primary reactor cooling system made of stainless steel (after full 
decontamination), etc. 

During dismantling of the reactor technological facilities the following quantities of radioactive wastes 
have been generated: 

Group A

In this group there were solid and liquid wastes. All solid and liquid waste with exception of the 
support of core basket (separator) with beryllium elements were transferred to National Radwastes 
Repository. 

Group B

In this group of radwastes there was only the ion-exchange filter which had been used in the filtration 
of primary reactor cooling system. 

Group C

In this group of radwastes there were elements, which after acquisition of radiological certificates have 
been transferred to recycling (such as scrap to steel mill). 

These were: 

� structural elements and non-contaminated materials; 

� structural elements of primary cooling system (made of austenitic steel), which were fully 
decontaminated; 

� various elements which weren’t  used in technological systems of the reactor. 

Each element that was sent to recycling required a radiological certificate. The quantities of materials, 
which were transferred to recycling, are presented in Table 1. 
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Group B
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Each element that was sent to recycling required a radiological certificate. The quantities of materials, 
which were transferred to recycling, are presented in Table 1. 
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Table 1. Specification of the materials transferred to recycling 

No. Material Mass  [kg] 

 1 Carbon steel 30 000 

 2 Austenitic steel (1H18N9T) 35 000 

 3 Aluminium   2 500 

 4 Primary water filter shield (Pb) 6 000 

 5 Electrical equipment 14 500 

                                          TOTAL 88 000 

4. Radiological protection system during reactor dismantling  
The Radiological protection system during EWA reactor dismantling was based on the document 
“Radiological Protection System for EWA Reactor Dismantling”. Basic concepts of radiation 
protection during dismantling were the following: 

� Radiation exposures of staff and individual members of the public should not exceed dose 
equivalent limits; 

� Radiation protection provisions during dismantling of the reactor should be such as to keep 
exposures as low as reasonably achievable, taking account of economic and social factors 
(ALARA). 

Individual and collective doses from external radiation received by personnel during the whole 
dismantling process are presented in Table 2. Maximum collective dose (4.3 x 10-3 man Sv) and 
maximum individual dose (986 �Sv) were received during dismantling of reactor tank. During the 
whole dismantling process of reactor the maximum individual dose (2.07 mSv) was received by a 
mechanic-operator. The rest of workers received doses in the range of 0.1 mSv to 1.8 mSv. 

Internal exposure of workers participating directly in dismantling processes was checked by whole 
body counter after termination of each phase of dismantling. No intake above 0.1 % of Annual Limit 
Intake (ALI), i.e. sensitivity threshold of measurement method, was detected. Apart from control on 
whole body counter, all workers were checked for concentration of beta - radionuclides in urine (once 
every six months). No concentration of the radionuclides in urine above 0.1 % ALI (sensitivity 
threshold of measurement method) was detected. 

The releases of radionuclides to the atmosphere during reactor dismantling were very low, mostly 
below sensitivity of measurement method. Related to this, the exposure of individual members of the 
public was minimum, because annual commitment doses (for 50 years) received by infants (from 7.6 x 
10-6 to 3,8 x 10-5 �Sv), children (from 5.5 x 10-6  to 2.8 x 10-5  �Sv) and adults (from 5.5 x 10-6 to 
2.8 x 10-5 �Sv) were considerably lower than annual dose limit (1.0 mSv) or annual operation dose 
limit (0.1 mSv). 

Table 2. Personnel exposure during ewa reactor decommissioning works 

No. Decommissioning stage Max. dose[�Sv] Collective dose [man Sv]

 1 Dismantling of the reactor core equipment 250 9.5 x 10-4

 2 Dismantling of the primary pumping hall 
equipment 

300 1.5 x 10-3

 3 Dismantling of the thermal column 500 2.2 x 10-3

 4 Reactor core removal 170 8.5x 10-4

 5 Fragmentation of the core vessel 400 1.1 x 10-3

 6 Reactor tank removal 986 4.3 x 10-3

 7 AR spent fuel pond removal 70 2.7 x 10-4

5. Anticipated utilisation of the reactor facility after completion of the equipment 
dismantling 

After accomplishing the major dismantling work, an assessment of the state of the building was 
performed and showed that the reactor facility can be used for further nuclear activities. 

Preliminary study of the reactor facility showed that after decommissioning it can be used as follows: 

(a) In the reactor concrete shaft a dry store for spent fuel elements can be constructed. The 
conceptual design for the dry storage facility was elaborated in June 1996. It is foreseen to put 
into this storage facility all spent fuel from EWA reactor (the EK-10, WWR-SM, WWR-M2 
fuel) and the spent fuel from MARIA reactor (the MR fuel); 

(b) The hot cells can be used to encapsulate nuclear fuel elements, which have been accumulated 
during the operation of EWA reactor; 

(c) The hot cells may also be used for material examination or for other work with radioactive 
materials; 

(d) The administrative - laboratory building of the reactor can be used in support to the afore 
mentioned programmes. 

The above quoted concepts for reactor facility don’t exclude use for other aims. 

6. Co-operation with international organizations 
EWA reactor decommissioning process was supported by the IAEA within a technical co-operation 
programme, which comprised of expert missions and equipment deliveries. Since the beginning of the 
reactor decommissioning project, several expert missions to Swierk were organised, with participation 
of highly qualified experts in various fields of nuclear techniques. The experts presented assessments 
of reactor decommissioning goals, strategy and techniques, based on technical documents and 
additional explanations and discussions. Many recommendations, remarks and comments discussed 
during the missions or included in mission reports were used by decommissioning team managers as 
the base for modifications of previously planned activities. Participation of IAEA experts in the 
decommissioning process was very useful and beneficial. For example, difficult problems connected 
with beryllium waste storage were successfully solved on the basis of recommendations and 
experience of specialists participating in mission No. 4, “Management of Beryllium Waste”. 

Beyond the expert missions, IAEA provided modern dosimetric equipment to support the reactor 
decommissioning. 

7. Assessment of reactor dismantling realisation 
Decommissioning process for a research reactor can be evaluated in many aspects. In Poland, where 
such a process was being performed for the first time, the relevant assessment should comprise a wide 
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scope of issues. In this stage of decommissioning a short description of the following issues is being 
proposed: 

� Goal and scope of the undertaking; 

� Organisation of work; 

� Dismantling technology; 

� Safety conditions of the work being conducted; 

� Radioactive waste management; 

� Costs of accomplishment. 

The major aim of the reactor decommissioning in compliance with the Decommissioning Plan was to 
create the possibility for constructing a spent fuel dry storage facility in the permanently shutdown 
reactor. 

For such a goal, the scope of dismantling activities was determined to a large extent by the facility 
utilisation programme after the decommissioning. In line with that, the conceptual design of dry 
storage became the basic document. Many technological documents describing the scope and methods 
of dismantling individual components were developed in compliance with that concept. 

In general, one can say that the well defined utilisation of the reactor facility made it possible to 
preserve a majority of the building structures of the decommissioned reactor and its technological 
features, e.g. ducts, passages etc. All the above mentioned elements are foreseen to be used in 
construction of the dry storage facility. 

However, the acceptance of this conception demanded the decontamination of the remaining structural 
elements of the reactor, which would enable the use of them in the next 40-50 years. On removing all 
nuclear components from the reactor facility and accomplishing the dosimetry measurements, one can 
ascertain that the target has been achieved and construction of the dry storage can be started. 

The decommissioning process of the medium power research reactor, such as EWA reactor, showed a 
new possibility compared to the principle of decommissioning the nuclear facility to the green field. 
It’s worth notice that decommissioning doesn’t preclude further useful utilisation of the facility with 
unlimited access to its technological premises, although they had been used for 40 years as the nuclear 
reactor premises. 

EWA reactor was operated by a permanent set of employees, who acquired a comprehensive know-
how of the facility during its prolonged operation. However, due to the natural ageing process of the 
staff about 60% of the staff went for retirement right after its shutdown and during the period of 1995-
1997. 

The decommissioning tasks were accomplished by three groups of employees: 

� Permanent operational staff of the EWA reactor, which was conducting supervision functions 
and preparing necessary documentation and its legalisation; 

� An external company which was the main subcontractor for accomplishing the dismantling 
works;

� A number of IAE departments including the Department for Analyses and Reactor Techniques, 
Service Unit for the Radiological Protection and Department for Radioactive Waste 
Management which was carrying out the work in compliance with its statutory activity. 

In the entire process of decommissioning the head of EWA Reactor Department co-ordinated all the 
works. The above described organisation proved to be very effective and brought to completion  all 
planned activities on schedule. 

Concerning the scope of dismantling it is worth underlining the accuracy of assumptions which were 
included in the Decommissioning Plan. It was based on an analytical assessment of activity of the 
main structural components. The plan of purchases and construction of the specialised equipment was 

in line with planned operation. Project work, design and completion of equipment for performing the 
operations were being carried out by highly qualified specialists which formed a permanent group. In 
this way all planned operations have been carried out in compliance with the schedule. 

Experience showed that dismantling of a nuclear facility can be a fully predictable process and 
unforeseen events contributed only to a small margin of lost time used during the whole project. The 
mishaps occurred during the thermal column dismantling, and were associated with non-accounting 
for the activity of the cradle and graphite discs trolley. To overcome this problem it was necessary to 
construct auxiliary special equipment, which caused some delay. 

To preserve general and radiological safety conditions for dismantling workers was a significant 
element of the dismantling process. A lot of work requiring physical strength was performed in 
difficult conditions, e.g. dismantling of the big size equipment of the primary circuit, reactor core 
separator, reactor tank and fuel shelter, cutting the piping and heat exchangers with plasma burner. It 
is noteworthy that during the entire dismantling process there were no bodily injuries nor near-miss 
events. Similarly, no radiological hazards caused excessive doses, though some operations had to be 
done in high radiation fields. It is worth stressing once more that high qualifications of workers, proper 
organisation of the work, accurate general and dosimetry supervision had significant impact on the 
safety of the dismantling work. 

Appropriate selection of techniques, decontamination methods and job organisation had a great 
influence on limiting the amount of radioactive waste. The total volume of solid radioactive waste 
amounted to about 42.0 m3 and the volume of the reactor tank comprised 22.0 m3 of that amount. 
Significant quantity of materials used for recycling has been salvaged (carbon steel, stainless steel and 
aluminium) - about 86. 0 ton. 

The expenditures for the task accomplishment (about 1,150,000 Eur) proved to be in line with 
predicted value (1,000,000) and may be evaluated as low. They are featured by low share of the direct 
costs for the dismantling work, which resulted from appropriate preparation of technological 
operations. Experience and good co-operation of all specialist groups of IAE and external companies 
was of great importance. 

Good co-operation with the IAEA and the Regulatory Body was a beneficial factor during the 
decommissioning process of EWA reactor. Besides the tasks associated with the assessment of the 
safety documentation and facility auditing, a broad collaboration was maintained with inspectors. Due 
to this collaboration, some modifications and improvements of planned operations were successfully 
implemented. 
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Abstract. The 3 MW TRIGA Mark-II research reactor of Bangladesh Atomic Energy Commission 
(BAEC) has been operating since September 14, 1986. The reactor is used for radioisotope production (131I, 
99mTc, 46Sc), various R&D activities, and manpower training. The reactor has been operated successfully since 
it’s commissioning with the exception of a few reportable incidents. Of these, the decay tank leakage incident of 
1997 is considered to be the most significant one. As a result of this incident, reactor operation at full power 
remained suspended for about 4 years. However, the reactor operation was continued during this period at a 
power level of 250 kW to cater the needs of various R & D groups, which required lower neutron flux for their 
experiments. This was made possible by establishing a temporary by pass connection across the decay tank using 
local technology. The reactor was made operational again at full power after successful replacement of the 
damaged decay tank in August 2001. At present the reactor is operated 5 days a week at a full power level of      
3 MW for production of I-131 and R&D purposes.  

Up to December 2005 total burn-up of the core stands at about 358 Megawatt Days (MWDs). BAEC has planned 
to increase the production of 131I and as such, the core burn-up is expected to be increased very significantly in 
the years to come. There is a declaration from the US DOE that all US origin research reactor spent fuel 
generated within 2006 will be taken away to the USA at their own cost within 2009. But the fuel burn up of the 
BAEC research reactor is about 6%. So the reactor can operate for about 10-20 years more. An initial 
decommissioning plan for the BAEC TRIGA reactor and relevant facilities should be established as early as 
possible as recommended in the IAEA Safety Standards Series No.WS-G-2.1 (Decommissioning of Nuclear 
Power Plants and Research Reactors - Safety Standards Series No.WS-G-2.1, IAEA, Vienna, 1999). 

During the design and construction phases of the BAEC TRF, aspects to facilitate the decommissioning process 
and reduce occupational exposures such as selection of material to reduce activation products, use of modular 
form of items for easy dismantling, designing to avoid contamination or to allow easy decontamination were 
considered. To reduce contamination and to allow easy decontamination, the floors of the reactor top areas were 
coated by plastic paint.  The primary pumps and demineralization system pump were selected such that all their 
parts that come in contact with primary coolant were made of high quality stainless steel (ss type 304 and 316). 
The reactor facility is not susceptible to produce liquid waste in bulk quantity. However, any liquid waste 
produced in the facility will be processed and, if required, stored in the Central Waste Radioactive Waste 
Processing and Storage Facility (CWPSF) constructed at the AERE campus and located very close to the reactor 
facility. CWPSF has been constructed under the project "Establishment of Central Radioactive Waste Processing 
and Storage Facility" and it is financed by the Government of Bangladesh.  

During the operational phase of the reactor facility, certain measures are taken into consideration so as to 
facilitate decommissioning and reduce resource requirements and radiological hazards associated with 
decommissioning. The measures taken include; the operating history of the facility, including changes of the 
core components; radiological surveys (radiation and contamination level); modifications to the facility; 
operation and maintenance records of systems/equipment and design and location of experimental deices used 
during the operational lifetime of the facility. The paper summarizes the decommissioning plan of the TRIGA 
Mark-II research reactor of Bangladesh. 
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core components; radiological surveys (radiation and contamination level); modifications to the facility; 
operation and maintenance records of systems/equipment and design and location of experimental deices used 
during the operational lifetime of the facility. The paper summarizes the decommissioning plan of the TRIGA 
Mark-II research reactor of Bangladesh. 
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1.  Introduction 
The BAEC TRIGA reactor was first made critical at 50W on September 14, 1986 and was 
commissioned to steady state power of 3 MW in October 1986. In July 1997, the decay tank was 
found damaged due to pitting corrosion on the tank bottom that was in direct contact with the concrete 
saddle. This put the reactor again into a prolonged shut down. Mean while a bypass connection was 
established by passing the decay tank in the primary cooling system with the help of local expertise, 
and the reactor was brought back to operation on August 1998 with a maximum power level of 250 
kW under natural convection. The reactor was made operational again at full power after successful 
replacement of the damaged decay tank by a new one supplied by GA/Sorrento Electronics Inc. (SEI)
in August 2001. In addition, the shell and tube heat exchanger was replaced by a new plate type heat 
exchanger. At that time, several modifications of the reactor cooling system along with its associated 
structures were also implemented and then necessary testing and commissioning of the newly installed 
component/equipment were carried out. Several modification works of the Emergency Core Cooling 
System (ECCS) were also implemented.  

At present the reactor is operated 5 days a week at a full power level of 3.0 MW for production of 131I
and R&D purposes. Up to December 2005, the total burn-up of the core stands at about 358 Megawatt 
Days (MWDs). BAEC has planned to increase the production of 131I and as such, the core burn-up is 
expected to be increased very significantly in the years to come. An initial decommissioning plan for 
the BAEC TRIGA reactor and relevant facilities should be established as early as possible as 
recommended in the IAEA Safety Standards Series No.WS-G-2.1 (Decommissioning of Nuclear 
Power Plants and Research Reactors - Safety Standards Series No.WS-G-2.1, IAEA, Vienna, 1999).  

Decommissioning occurs at the end of the useful life of a nuclear facility. It involves the removal of 
sufficient radioactive and hazardous material to allow the restricted or unrestricted release of the 
facility. For unrestricted release, this activity reduces the risk to human health and the environment to 
negligible. The safe decommissioning of nuclear facilities is becoming of ever increasing importance 
worldwide; the paper describes the development of a decommissioning plan for BAEC TRIGA Mk-II 
Research Reactor. Successful decommissioning of nuclear facilities depends not only on the operator 
but on having a sound decommissioning plan and program in place prior to beginning of 
decommissioning. It also requires that the regulator has a sound regulatory infrastructure in place to 
both provide guidance and monitor the facility during decommissioning.  

2.  Description of the BAEC TRIGA reactor 
The BAEC TRIGA Mark-II research reactor is a pool type, light water cooled, and zirconium-hydride 
moderated reactor. Its solid cylindrical fuel element is a homogeneous mixture of Er-U-ZrH, 
containing 19.7% U-235. The reactor core is located near the bottom of the reactor tank. The reactor 
tank is made of type 6061-T6 aluminum alloy and has a length of about 8.23 m (27 ft) and a diameter 
of about 1.98m (6.5ft). It is filled up with about 24,865 liters (6578 gallons) of demineralized water. 
The reactor core consists of a total of 100 fuel element (including 5 fuel follower control rods and 2 
instrumented fuel elements), 6 control rods, 18 graphite dummy elements, 1 Dry Central Thimble 
(DCT), 1 pneumatic transfer system irradiation terminus and 1 Am-Be neutron source (strength: 3Ci). 
The general characteristics of TRIGA reactor are summarized in Table-1.  

Table1. Characteristics of BAEC TRIGA reactor 

Characteristics BAEC TRIGA Mk-II Reactor 
Reactor Type Pool Type 
Thermal Power 3000 kW 
First Criticality 14 September, 1986 
Total Operating Hours (as of 31 Dec. 2005) 4825 Hours (up to December 2005) 
Total Fuel Burn up 358 MWDs (up to December 2005) 
Neutron Flux 9.12 × 10 13 n.cm-2.s-1 (Max.) 
Fuel
Contents of Uranium 20 % 
Enrichment 19.7 % 
Cladding Al SS 304 
Chemical Composition Er-U-ZrH 
Moderator ZrH and Demineralized Water 
Coolant Demineralized Water 
Reflector Graphite 
Control Rod B4C

The reactor can be operated in the steady state at a rated power up to 3000 kW. The reactor can be 
operating in a pulse mode with a peak power of 852 MW. The reactor is designed for multipurpose 
uses like training, education, radioisotope production and various R&D activities in the field of 
nuclear science and technology.  
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Figure 1. Layout diagram of reactor building. 
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1.  Introduction 
The BAEC TRIGA reactor was first made critical at 50W on September 14, 1986 and was 
commissioned to steady state power of 3 MW in October 1986. In July 1997, the decay tank was 
found damaged due to pitting corrosion on the tank bottom that was in direct contact with the concrete 
saddle. This put the reactor again into a prolonged shut down. Mean while a bypass connection was 
established by passing the decay tank in the primary cooling system with the help of local expertise, 
and the reactor was brought back to operation on August 1998 with a maximum power level of 250 
kW under natural convection. The reactor was made operational again at full power after successful 
replacement of the damaged decay tank by a new one supplied by GA/Sorrento Electronics Inc. (SEI)
in August 2001. In addition, the shell and tube heat exchanger was replaced by a new plate type heat 
exchanger. At that time, several modifications of the reactor cooling system along with its associated 
structures were also implemented and then necessary testing and commissioning of the newly installed 
component/equipment were carried out. Several modification works of the Emergency Core Cooling 
System (ECCS) were also implemented.  

At present the reactor is operated 5 days a week at a full power level of 3.0 MW for production of 131I
and R&D purposes. Up to December 2005, the total burn-up of the core stands at about 358 Megawatt 
Days (MWDs). BAEC has planned to increase the production of 131I and as such, the core burn-up is 
expected to be increased very significantly in the years to come. An initial decommissioning plan for 
the BAEC TRIGA reactor and relevant facilities should be established as early as possible as 
recommended in the IAEA Safety Standards Series No.WS-G-2.1 (Decommissioning of Nuclear 
Power Plants and Research Reactors - Safety Standards Series No.WS-G-2.1, IAEA, Vienna, 1999).  

Decommissioning occurs at the end of the useful life of a nuclear facility. It involves the removal of 
sufficient radioactive and hazardous material to allow the restricted or unrestricted release of the 
facility. For unrestricted release, this activity reduces the risk to human health and the environment to 
negligible. The safe decommissioning of nuclear facilities is becoming of ever increasing importance 
worldwide; the paper describes the development of a decommissioning plan for BAEC TRIGA Mk-II 
Research Reactor. Successful decommissioning of nuclear facilities depends not only on the operator 
but on having a sound decommissioning plan and program in place prior to beginning of 
decommissioning. It also requires that the regulator has a sound regulatory infrastructure in place to 
both provide guidance and monitor the facility during decommissioning.  

2.  Description of the BAEC TRIGA reactor 
The BAEC TRIGA Mark-II research reactor is a pool type, light water cooled, and zirconium-hydride 
moderated reactor. Its solid cylindrical fuel element is a homogeneous mixture of Er-U-ZrH, 
containing 19.7% U-235. The reactor core is located near the bottom of the reactor tank. The reactor 
tank is made of type 6061-T6 aluminum alloy and has a length of about 8.23 m (27 ft) and a diameter 
of about 1.98m (6.5ft). It is filled up with about 24,865 liters (6578 gallons) of demineralized water. 
The reactor core consists of a total of 100 fuel element (including 5 fuel follower control rods and 2 
instrumented fuel elements), 6 control rods, 18 graphite dummy elements, 1 Dry Central Thimble 
(DCT), 1 pneumatic transfer system irradiation terminus and 1 Am-Be neutron source (strength: 3Ci). 
The general characteristics of TRIGA reactor are summarized in Table-1.  

Table1. Characteristics of BAEC TRIGA reactor 

Characteristics BAEC TRIGA Mk-II Reactor 
Reactor Type Pool Type 
Thermal Power 3000 kW 
First Criticality 14 September, 1986 
Total Operating Hours (as of 31 Dec. 2005) 4825 Hours (up to December 2005) 
Total Fuel Burn up 358 MWDs (up to December 2005) 
Neutron Flux 9.12 × 10 13 n.cm-2.s-1 (Max.) 
Fuel
Contents of Uranium 20 % 
Enrichment 19.7 % 
Cladding Al SS 304 
Chemical Composition Er-U-ZrH 
Moderator ZrH and Demineralized Water 
Coolant Demineralized Water 
Reflector Graphite 
Control Rod B4C

The reactor can be operated in the steady state at a rated power up to 3000 kW. The reactor can be 
operating in a pulse mode with a peak power of 852 MW. The reactor is designed for multipurpose 
uses like training, education, radioisotope production and various R&D activities in the field of 
nuclear science and technology.  
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3. Decommissioning plan 
The term ‘decommissioning’ refers to administrative and technical actions taken to allow removal of 
some or all of the regulatory controls from a nuclear facility. These actions involve decontamination, 
dismantling and removal of radioactive materials, waste, components and structures.  It is to be 
mentioned here that according to 10 CFR 50.82 of US NRC, a termination of license application 
requires to be accompanied or preceded by a proposed decommissioning plan. The initial plan would 
address the followings main points1.

� Facility description; 

� Decommissioning alternatives; 

� Facility radiological status; 

� Decommissioning tasks; 

� Decommissioning organization and responsibilities; 

� Protection of the health and safety of the radiation workers and the public; 

� Technical specifications; 

� Quality assurance and documentation; 

� Physical security plan; 

� Emergency plan;  

� Cost estimates; and  

� Possible sources of fund. 

3.1. Decommissioning licensing requirements 
To obtain a license from the regulatory authority of Bangladesh, a decommissioning plan, including an 
environmental impact assessment, must be prepared according to the regulatory authority rules (NSRC 
SRO No. 205-Law/1997) (Schedule 6, item 16.c). 

As the US NRC codes and the NUREG documents are applicable to BAEC reactor facility, it is, 
therefore, understood that licensee of the BAEC TRF would require to prepare a detailed 
decommissioning plan and submit it to the regulatory authority along with the license termination 
application which is expected to be prepared during the fag end of the operational life of the reactor 
facility.  However, it is also understood that licensee of BAEC TRF would need to take some 
preparatory measures during conduction of operation and facility modification so as to facilitate the 
decommissioning activities to be undertaken at the end of facility’s life.  

3.2. Considerations during operation 
During the operational phase of the reactor facility, certain measures are taken into consideration so as 
to facilitate decommissioning and reduce resource requirements and radiological hazards associated 
with decommissioning.  The measures taken include:  

a) Keeping good records of all operations; 

b) Flagging the events that are relevant to decommissioning; and  

c) Periodic decontamination of contaminated systems. 

The relevant operational records of the BAEC TRF include details of: 

a) The operating history of the facility, including changes of the core components; 

b) Radiological surveys (latest radiation survey and contamination level data); 

c) Modifications to the facility; 

1 Detail of the points are covered in the BAEC TRIGA Research Reactor Safety Analysis Report, June 2004. 

d) Operation and maintenance records of systems/equipment; and 

e) Design and location of experimental devices used during the operational lifetime of the facility. 

During operations, consideration is also given to minimizing the extent of contamination of structures 
and surfaces, segregation of different categories of wastes, avoidance and prompt cleanup of spillage 
and leaks, and selection of material for specimen irradiation and experiment. 

Central Waste Radioactive Waste Processing and Storage Facility (CWPSF) has already been 
constructed at the AERE campus and located very close to the reactor facility. CWPSF has been 
constructed under the project "Establishment of Central Radioactive Waste Processing and Storage 
Facility" and it is financed by the Govt. of Bangladesh. The CWPSF is used as the storage for all sorts 
of radioactive wastes produced in the reactor facility and other radioactive waste produced from other 
facility of BAEC and outside.  CWPSF is equipped with facilities such that solid wastes could be 
categorized, compressed for volume reduction, and immobilized in the steel drums each having a 
capacity of 200 liter (IAEA Std. 200 liter steel drum having diameter and height of ~58 cm and        
~88 cm respectively).  The radioactive waste drums will then be stored in appropriate storage room of 
the CWPSF for further decision to be taken in future (disposal).  It is to be mentioned that the CWPSF 
has a provision for storing 112 IAEA Std. 200-liter drums.  For conditioning and handling of the 
radioactive wastes, the facility (CWPSF) is equipped with the following: 

� 40-ton capacity low force compactor;  

� In-drum cement mixture; 

� Commercial cement mixture; 

� 3-ton capacity forklift truck; 

� 3000 liter capacity LAD (low activity drainage) tank; 

� Sorting machine/box; 

� Decontamination machine/box. 

Other equipment available in the CWPSF includes gamma, beta, alpha spectrometers, UV-visible 
spectrophotometers, compressive strength testing machine, pH and conductivity meters, weighing 
scales/balance, water bath, centrifuge, drying oven, sieve shaker, miscellaneous glass and plastic 
apparatus, etc.  

The CWPSF is also equipped with radiation monitoring facilities consisting of: 

� Portable radiation monitors; 

� Wall mounted radiation monitors; 

� Hand and foot radiation monitor; 

� Telescopic/remote radiation monitor; 

� Contamination monitor; 

� Remote handling tools, etc. 
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3. Decommissioning plan 
The term ‘decommissioning’ refers to administrative and technical actions taken to allow removal of 
some or all of the regulatory controls from a nuclear facility. These actions involve decontamination, 
dismantling and removal of radioactive materials, waste, components and structures.  It is to be 
mentioned here that according to 10 CFR 50.82 of US NRC, a termination of license application 
requires to be accompanied or preceded by a proposed decommissioning plan. The initial plan would 
address the followings main points1.

� Facility description; 
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� Decommissioning tasks; 

� Decommissioning organization and responsibilities; 

� Protection of the health and safety of the radiation workers and the public; 

� Technical specifications; 

� Quality assurance and documentation; 

� Physical security plan; 

� Emergency plan;  

� Cost estimates; and  

� Possible sources of fund. 

3.1. Decommissioning licensing requirements 
To obtain a license from the regulatory authority of Bangladesh, a decommissioning plan, including an 
environmental impact assessment, must be prepared according to the regulatory authority rules (NSRC 
SRO No. 205-Law/1997) (Schedule 6, item 16.c). 

As the US NRC codes and the NUREG documents are applicable to BAEC reactor facility, it is, 
therefore, understood that licensee of the BAEC TRF would require to prepare a detailed 
decommissioning plan and submit it to the regulatory authority along with the license termination 
application which is expected to be prepared during the fag end of the operational life of the reactor 
facility.  However, it is also understood that licensee of BAEC TRF would need to take some 
preparatory measures during conduction of operation and facility modification so as to facilitate the 
decommissioning activities to be undertaken at the end of facility’s life.  

3.2. Considerations during operation 
During the operational phase of the reactor facility, certain measures are taken into consideration so as 
to facilitate decommissioning and reduce resource requirements and radiological hazards associated 
with decommissioning.  The measures taken include:  

a) Keeping good records of all operations; 

b) Flagging the events that are relevant to decommissioning; and  

c) Periodic decontamination of contaminated systems. 

The relevant operational records of the BAEC TRF include details of: 

a) The operating history of the facility, including changes of the core components; 

b) Radiological surveys (latest radiation survey and contamination level data); 

c) Modifications to the facility; 

1 Detail of the points are covered in the BAEC TRIGA Research Reactor Safety Analysis Report, June 2004. 

d) Operation and maintenance records of systems/equipment; and 

e) Design and location of experimental devices used during the operational lifetime of the facility. 

During operations, consideration is also given to minimizing the extent of contamination of structures 
and surfaces, segregation of different categories of wastes, avoidance and prompt cleanup of spillage 
and leaks, and selection of material for specimen irradiation and experiment. 

Central Waste Radioactive Waste Processing and Storage Facility (CWPSF) has already been 
constructed at the AERE campus and located very close to the reactor facility. CWPSF has been 
constructed under the project "Establishment of Central Radioactive Waste Processing and Storage 
Facility" and it is financed by the Govt. of Bangladesh. The CWPSF is used as the storage for all sorts 
of radioactive wastes produced in the reactor facility and other radioactive waste produced from other 
facility of BAEC and outside.  CWPSF is equipped with facilities such that solid wastes could be 
categorized, compressed for volume reduction, and immobilized in the steel drums each having a 
capacity of 200 liter (IAEA Std. 200 liter steel drum having diameter and height of ~58 cm and        
~88 cm respectively).  The radioactive waste drums will then be stored in appropriate storage room of 
the CWPSF for further decision to be taken in future (disposal).  It is to be mentioned that the CWPSF 
has a provision for storing 112 IAEA Std. 200-liter drums.  For conditioning and handling of the 
radioactive wastes, the facility (CWPSF) is equipped with the following: 

� 40-ton capacity low force compactor;  

� In-drum cement mixture; 

� Commercial cement mixture; 

� 3-ton capacity forklift truck; 

� 3000 liter capacity LAD (low activity drainage) tank; 

� Sorting machine/box; 

� Decontamination machine/box. 

Other equipment available in the CWPSF includes gamma, beta, alpha spectrometers, UV-visible 
spectrophotometers, compressive strength testing machine, pH and conductivity meters, weighing 
scales/balance, water bath, centrifuge, drying oven, sieve shaker, miscellaneous glass and plastic 
apparatus, etc.  

The CWPSF is also equipped with radiation monitoring facilities consisting of: 

� Portable radiation monitors; 

� Wall mounted radiation monitors; 

� Hand and foot radiation monitor; 

� Telescopic/remote radiation monitor; 

� Contamination monitor; 

� Remote handling tools, etc. 
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Figure 2. Layout diagram of AERE waste radioactive waste processing and storage facility (CWPSF). 

3.3.  Management of decommissioning wastes 

3.3.1.  Spent and irradiated fuel
The reactor facility is equipped with three spent fuel storage pits located at the ground floor of the 
reactor hall.  The spent fuel storage pits are made of three 25 cm dia stainless steel pipes each having a 
length of about 5 m.  Each storage pit is capable of storing 19 spent fuel elements (total capacity: 57). 
Figure 1 shows layout diagram of reactor building. At present, there is no fuel transfer cask at the 
facility but design of fuel transfer cask is now ongoing to construct the cask locally. Three fuel storage 
racks have been installed inside the reactor tank to work as an interim storage for the used fuel 
elements. Capacity of each rack is 10 elements (total capacity: 3 x 10 = 30).  The facility, at present, 
does not have any lead cask for transfer of spent/used fuel.   However, efforts are now on to have a 
fuel transfer cask for the facility as soon as possible. There is a declaration from the US DOE that all 
US origin research reactor spent fuel generated within 2006 will be taken away to the USA at their 
own cost within 2009. But the fuel burn up of the BAEC research reactor is about 6%. So the reactor is 
possible to run for about 10-20 years. 

3.3.2. Liquid and other solid wastes 
The reactor facility is not susceptible to produce liquid waste in bulk quantity.  However, any liquid 
waste produced in the facility will be processed and, if required, stored in the Central Waste 
Radioactive Waste Processing and Storage Facility (CWPSF) newly constructed at the AERE campus 
and located very close to the reactor facility. Figure 2 shows layout diagram of AERE Waste 
Radioactive Waste Processing and Storage Facility (CWPSF). The CWPSF has a liquid waste 
treatment facility (Aqua-Express) designed for treatment and purification of Low and Intermediate 
Level Waste (LILW) at a rate of about 300 liters of liquid radioactive wastes per hour using ion-
exchange-cum-ultra-filtration technique. 

The low and intermediate level solid and liquid wastes produced in the reactor facility are stored for an 
interim period in the active storage room located at the southwest corner of the reactor hall.  This store 
can accommodate roughly about 600 liters of low and intermediate level wastes. When necessary, 
these wastes will be transferred to the above mentioned CWPSF, where the liquid wastes will be 
treated and purified using the Aqua-Express treatment facility and the solid wastes will be categorized, 
conditioned and stored in the facility for long periods of time. 

4.  Costs 
Many techniques (often computer aided) have been developed to assist in the costing of 
decommissioning. In the USA, prompted by the NRC, costing has been studied extensively for power 
reactors and for non-fuel-cycle facilities. The European Commission has also given attention to 
costing and the economics of decommissioning. There are also studies on the variability of 
decommissioning costs, which concentrates more on reactor decommissioning. These cost 
comparisons and concern about variability have resulted in the IAEA and the European Commission 
producing a standardized list of items for costing purposes. 

Main costs for dismantling and decommissioning can be grouped follows: 

� Labour; 

� Material and Equipment; 

� Contracted Services; 

� Waste Management; 

� Manpower Training; 

� Overheads. 

There will in addition be indirect costs, such as the costs of licensing and regulation, financing costs, 
insurance, maintenance, site security, surveillance and radiological monitoring. 

A contingency is normally added to all costs as an identifiable item against each cost group. In 
general, the contingency allowance will diminish as cost estimates become more refined and are based 
on actual costs and the feedback of actual experience. Many of the unit costs of activities are time 
dependent and it will usually be more cost effective to complete decommissioning in as short a time as 
possible. In this respect careful and thorough planning will help to reduce costs. A contingency fund 
may also be needed to pay for additional technical expertise and the waste management costs 
associated with non-radiological hazard (e.g. asbestos in the linings of ducts from fume hoods, 
asbestos in ceiling tiles or fiberglass in pipe lagging and insulation). 

The cost of waste disposal and interim storage can be significant and, as mentioned above, the 
reduction of the quantity of radioactive waste by segregation, decontamination and size reduction can 
be cost effective. 

5. Conclusions 
The BAEC TRIGA reactor facility has been operating since 1986. An initial decommissioning plan for 
the BAEC TRIGA reactor and relevant facilities would be established as early as possible as 
recommended in the IAEA Safety Standards Series No.WS-G-2.1 (Decommissioning of Nuclear 
Power Plants and Research Reactors Safety Standards Series No.WS-G-2.1, IAEA, Vienna, 1999).   
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Figure 2. Layout diagram of AERE waste radioactive waste processing and storage facility (CWPSF). 
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can accommodate roughly about 600 liters of low and intermediate level wastes. When necessary, 
these wastes will be transferred to the above mentioned CWPSF, where the liquid wastes will be 
treated and purified using the Aqua-Express treatment facility and the solid wastes will be categorized, 
conditioned and stored in the facility for long periods of time. 

4.  Costs 
Many techniques (often computer aided) have been developed to assist in the costing of 
decommissioning. In the USA, prompted by the NRC, costing has been studied extensively for power 
reactors and for non-fuel-cycle facilities. The European Commission has also given attention to 
costing and the economics of decommissioning. There are also studies on the variability of 
decommissioning costs, which concentrates more on reactor decommissioning. These cost 
comparisons and concern about variability have resulted in the IAEA and the European Commission 
producing a standardized list of items for costing purposes. 

Main costs for dismantling and decommissioning can be grouped follows: 

� Labour; 

� Material and Equipment; 

� Contracted Services; 

� Waste Management; 

� Manpower Training; 

� Overheads. 

There will in addition be indirect costs, such as the costs of licensing and regulation, financing costs, 
insurance, maintenance, site security, surveillance and radiological monitoring. 

A contingency is normally added to all costs as an identifiable item against each cost group. In 
general, the contingency allowance will diminish as cost estimates become more refined and are based 
on actual costs and the feedback of actual experience. Many of the unit costs of activities are time 
dependent and it will usually be more cost effective to complete decommissioning in as short a time as 
possible. In this respect careful and thorough planning will help to reduce costs. A contingency fund 
may also be needed to pay for additional technical expertise and the waste management costs 
associated with non-radiological hazard (e.g. asbestos in the linings of ducts from fume hoods, 
asbestos in ceiling tiles or fiberglass in pipe lagging and insulation). 

The cost of waste disposal and interim storage can be significant and, as mentioned above, the 
reduction of the quantity of radioactive waste by segregation, decontamination and size reduction can 
be cost effective. 

5. Conclusions 
The BAEC TRIGA reactor facility has been operating since 1986. An initial decommissioning plan for 
the BAEC TRIGA reactor and relevant facilities would be established as early as possible as 
recommended in the IAEA Safety Standards Series No.WS-G-2.1 (Decommissioning of Nuclear 
Power Plants and Research Reactors Safety Standards Series No.WS-G-2.1, IAEA, Vienna, 1999).   
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Procedures on implementation of the research reactor IRT-Sofia partial dismantling 

T.G. Apostolov, E.I. Anastasova

Institute for Nuclear Research and Nuclear Energy, 
Sofia, Bulgaria 
Abstract. The IRT-Sofia Research Reactor is in a reconstruction in view of a Government resolution 

for its refurbishment into a Low Power Reactor. In order realize the reconstruction project it is necessary to 
fulfill a partial dismantling of the Research reactor IRT-Sofia. Therefore it was developed and sent to the 
Regulatory body for approval a “General Plan for partial dismantling of the Research reactor IRT-Sofia”. In the 
General Plan are described dismantling and all waste processing activities (characterization, conditioning, 
decontamination, transport, storage and final disposal); the value of decontamination (cost-benefit) for the 
internal or external surfaces of components, systems and instruments; appropriate mechanization; technological 
process for the dismantling of parts and equipment of the IRT-Sofia reactor; management organization structure 
which is appropriate for the partial decommissioning works; Safety assessment and Quality assurance Program. 
Prior the commencement of the partial dismantling of the IRT-Sofia it is necessary to develop a detailed work-
schedule for implementation of the General Plan for partial dismantling. As well it is necessary to provide safe 
and secure spent nuclear fuel (EK-10 and C-36 type) transportation from IRT-Sofia site to Russia. With regard to 
this activities of the international project RRRFR are implementing at the present time. 

1. The IRT-Sofia  
Research reactor was designed and constructed from 1958 to 1961. First criticality was reached in 
September 1961 and the reactor has been operated 28 years. Permanently shut down -1989. The 
Reactor is pool type, light water cooled and moderated. The core contains up to 48 fuel and graphite 
assemblies. Fuel rods are EK-10 type, (10% enrichment) and C-36 (36% enrichment). Cooling system 
includes 3 pumps, special ejector pipe, max flow rate 540m3, 2 heat exchangers, ion exchange and 
mechanical filters. Storage pool - maximum capacity - 112 fuel assemblies, connections to reactor 
pool and hot cell laboratories, 73 spent fuel assemblies stored. Experimental channels are 11 
horizontal and 12 vertical, maximum neutron fluxes on 2MW thermal power - 2.E13 n/cm2.sec. 

The principal areas of reactor usage ranged from basic and applied research to technological and 
commercial applications. Moreover, it was an important place for university and post graduation 
education and training.  

In order realize the reconstruction project of the IRT - Sofia, it is necessary to develop and fulfill a 
Plan for partial dismantling of the Research reactor IRT-Sofia.

2. Description of preparatory activities prior to the decontamination and 
dismantling: 

� Organization set up for the General Plan for partial dismantling (GPPD) management and safety 
management; 

� Definition of preparatory engineering activities, that will assist the dismantling activities; 

� Receiving of the necessary permissions and licences; 

� Detailed planning of dismantling activities. 

2.1. Organization for the Safety management Project 
It should be provided a management organization structure which is appropriate for the partial 
decommissioning work. The structure which was used for operation of the reactor will not necessarily 
be optimum for partial decommissioning

2.2. Engineering activities 
These are questions, connected with evaluation of the existing facilities for treatment and storage of 
radioactive wastes, as well as other preparatory activities. A depository for reactor equipment is 
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arranged at the NSEC site, which will be used for temporary storage of dismantled equipment. It 
should include: 

� Constant operation regime of the ventilation system in the main hall; 

� Installation of temporary ventilation of the reactor tank and other facilities; 

� Test and preparation of the 10 t hoisting capacity bridge crane in the main reactor hall; 

� Cleaning the Reactor hall from unnecessary objects, dust, etc; 

� Confirming the ability of the State enterprise “Radioactive wastes”to accept the dismantled 
parts from the IRT-2000 upon agreed time schedule; 

� Arranging necessary casks and cask-tracks for the transportation; 

� Getting ready and organizing the dismantling site;  

� Checking up and getting ready of the available technical means for the dismantling works 
implementation; 

� Building up of a protective, mobile platform, from which the dismantling activities will be 
carried out. 

2.3. Obtaining a permission from the regulation authority 
It has been accepted that the decontamination activities can be carried out without applying for special 
permission from the NRA. The activities for which permission from the regulatory authorities is 
needed are dismantling the reactor core vessel and the internal reactor devices. The dismantling 
possibilities vary – either by means of available manipulators/robots, especially elaborated instruments 
and equipment or by implementation of the ‘one-piece removal’. 

2.4. Detailed planning of activities 
This covers the selection of the systems which should remain operable during the dismantling and 
those, which will be dismantled. 

a) Systems which will remain functioning during the partial dismantling:  

� In order to provide safety during the dismantling activities it is important to sustain the 
functioning of the following systems:  

� Buildings: The reactor building should continue to provide secondary protection (barrier) in the 
implementation of dismantling activities. After the reconstruction the building will be used for 
the future low power reactor. All buildings at the site will be kept (laboratory part, RCL I class, 
ventilation centre, etc); 

� Main facilities, which provide power supply and water, necessary for the work safe 
implementation should stay functional; 

� Equipment for radiation monitoring, surveillance and emergency safety should be available and 
functioning; 

� Mechanical workshops will be necessary for the equipment maintenance; 

� Sewerage systems and the special sewerage should be also kept; 

� The ventilation systems will be kept. Some temporary ventilation systems should be built; 

� The reactor biological shielding, the aluminium reactor vessel lining and part of the primary 
cooling loop equipment will be retained; 

� Hoisting facilities, cranes will be retained. 

b) Systems which will be dismantled 

� Core – liable to full scale replacement. The new core loading shall be pursuant with the type of 
the new converted (low enriched) fuel (IRT-4M type 20 % enrichment); 

� Primary cooling system – replacement of the aluminium lining of reactor pool of 60 m3 
capacity, piping and heat exchangers; 

� Secondary cooling system – partial replacement of piping and fittings and the cooling open-air 
pools;

� Horizontal experimental channels – their number shall be reduced from the existing 11 to 7 and 
a new channel is to be set for boron neutron capture therapy; 

� Spent fuel storage – replacement of the aluminium reservoir of 12 m3 capacity; 

� Electric power supply (EPS)- full scale replacement of cables and equipment; 

� Control and Protection System (CPS)- full scale replacement of cables and equipment; 

� Radiation Monitoring and Dosimetry System (RMDS)- full scale replacement of measuring 
lines and equipment; 

� Civil Engineering Part  - new rooms in the main reactor hall are planned to be built for 
installation of the main control panels and desks of the reactor; 

� Heating and Climatic Systems – new systems shall be built and installed; 

� Ventilation Systems – partial reconstruction. 

2.5. Schedule of dismantling activities by stage 
The reactor dismantling works are envisaged to be carried out in two stages. The first stage includes 
dismantling of the equipment around and inside the reactor pool and in the biological shielding. The 
second stage includes dismantling of the equipment in the premises of the primary cooling loop. It 
should be noted that for the realization of stage 2 firstly the stage 1 should be carried out. For both 
stages there are preparatory activities, which have been described above. 

In the time schedule preparation eight hours working time has been taken during the workdays. The 
time schedule aims to illustrate the needed time and the dismantling sequence, and the stipulation is 
made, that its strict execution is not a compulsory, but is only a recommendation. On the schedule an 
evaluation of the necessary resources has been made in order to estimate the requirements for qualified 
personnel and to meet the requirements of [2]. 

3. Dismantling sequence 

3.1. Basic operations 
Fixation of equipment and pipelines prior to dismantling, which includes: 

� Hanging, supporting, other possible way to secure parts of equipment and pipelines, which will 
be dismantled; 

� Removal of existing supports, pendants and other constructions and taking them out of the 
premises. 

Dismantling of equipment, pipelines and manipulation with the dismantled material, which includes: 

� Dismantling of equipment, pipelines, etc – by cutting thermal processing, other possible 
methods; 

� End-capping of pipelines open ends and equipment orifices; 

� Carrying the dismantled parts (by hand or by means of hoisting mechanisms) out of the 
premises; 
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� Dosimetry measurements and sorting of materials according to their level of contamination and 
wastes type; 

� Loading into transport packages (freely, in plastic bags, tanks, casks); 

� Transportation outside the premises; 

� Delivery of the RAW to the State enterprise “Radioactive wastes”; 

� Continuous radiation control during dismantling. 

4. Final works 
Ending of work, removal of equipment and supplementary dismantling facilities, includes the 
following activities: 

� Carrying the utilized equipment, appliances, supplementary means out of the premises (after 
their decontamination if necessary); 

� Removal of the temporary lighting, ventilation, termination of power supply feeding and other 
consumptions; 

� Dismantling of scaffoldings; 

� Cleaning and tidying of workplace, check up of the radiation situation and possible 
decontamination if necessary. 

4.1. Inventory and Characteristics of radioactive wastes arising from IRT-2000 partial 
dismantling 

The radiological characterization was carried out by a combination of neutron activation calculations 
and direct measurements. The characterization is essential for a Radiation Protection Plan to be 
produced which meets ALARA principles, and requirements of the handling, transportation, 
conditioning and disposal of the wastes.

Materials which will be produced during disassembly works are solid wastes from dismantling of 
reactor technological systems and components and liquid wastes from reactor pool, spent fuel storage 
and liquid wastes generated during decontamination process.  

The solution of the problem with the solid radioactive wastes storage arising from partial dismantling 
will be the Novi Han repository. It is situated 35 km South East of Sofia, and it is a repository for low 
and intermediate level radioactive waste category arising from the industry, medicine, science and 
agriculture. The purpose of the repository is to accept and store LILRW with radio nuclides of half life 
less than 30 years, small quantities of long lived radio nuclides and spent ionizing sources. Presently, 
the Novi Han repository is used for institutional wastes, but the decision is already taken for upgrading 
of additional storage at its site to store the wastes from IRT-2000 partial dismantling. 

The Radioactive waste categorization was made according to [1]. Characterization program includes 
the following steps: 

� Review of historical information; 

� Calculation methods implementation; 

� Sampling and analyses plan preparation; 

� Measurements sampling and analyses performance; 

� Review, evaluation and comparison of data obtained. 

The performance of the Sampling and analyses plan includes measurements taking smears and 
samples after empting the water of the first cooling circle. 

The following RAW categories are determined according to the Safety regulation [1]: 

� Solid RAW Category 1 – transitional RAW, which can be released from regulation control after 
proper treatment and/or temporary storage for a period of time no longer than 5 years, in which 
case their specific activity reduces below the level for RAW release from regulation control. 

� Solid RAW of Category 2 – low- and middle activity wastes, containing radio nuclides in 
concentrations, for which no special measures are required for post decay power removal during 
storage and burying; The radioactive wastes from this category are categorized additionally to:  

(a) category 2� – short-lifetime low- and middle activity wastes, containing mainly short lifetime 
radio nuclides (with half decay period shorter or equal to the 137Cs half decay period), and long 
lifetime alpha-activity radio nuclides with specific activity less or equal to 106 Bq/kg for single 
package and less or equal to 4,105 Bq/kg in the entire RAW volume; 

(b) category 2b – long-lifetime low- and middle activity wastes, containing long lifetime alpha-
activity radio nuclides (with half decay period longer of the 137Cs half decay period) with 
specific activity, exceeding the limits for category 2�.

4.2. Expected amounts of RAW as a result of the partial dismantling of IRT-2000 
equipment 

Expected amounts of RAW – 2a category according Regulation [1]. 

1. Aluminium and aluminium alloys from the reactor pool   -1100 kg 

2. Steel S� 1�18�9� + Al alloy �� from the reactor pool   -170 kg  

3. Shield of the thermal column corpus – casing of St 3, filled up with paraffin and boron carbide: 
St          -289 kg 

� paraffin with  density1 g/cm3     -210 kg 

� Boron carbide with density1,5 g/cm3       -60 kg 

4. Lead slab  - Pb + Al       -211 kg  

5. Graphite assemblies from the deflector of RC    -172 kg 

6. Ion-exchange resin       -320 kg 

7. According previous measuring, it is expected approximately 1000 kg of the thermal column 
graphite to be activated and to be classified in this category. 

Expected average activity - 108 Bq/kg 

In addition: 

Contaminated materials from � CL/�l and St/ from � CL    -3780 kg 

It is expected after performing of suitable decontamination the materials of I CL to be converted in 
RAW of I category or in non radioactive wastes. 

Expected amounts of RAW - I category according regulation [1]. 

1. The concrete shielding of thermal column – concrete with density 4.5 t/m3 -5.5m3; 24831 kg 
(part of the concrete, situated most near to RC is expected to be volume activated and to pass in 
upper category waste, according to the classification for RAW). 

2. Block with shutters of the thermal column - St3    -5033 kg 

Note: For RAW is defined the � � activity to be in Bq/kg and Bq/cm2, because it is not expected RAW 
to contain long-lived �-active radio nuclides with activity over 10 6 Bq/kg 
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Toxic materials 

During the IRT-2000 operation such materials as asbestos and mercury have not been used in reactor 
construction and equipment. Acids and alkalis, as well as organic and non-organic solvents have been 
used in small amounts in the facility maintenance following strict observation of normative base for 
management of such materials. No generation of such materials is expected as a result of dismantling 
activities. 

Non radioactive materials 

A generation of certain amount of non-radioactive materials is also expected in the dismantling 
activities. They are metals from facility outside the reactor pool and the 1st circulation loop premise, 
materials from the reactor pool and from the 1st circulation loop premise after implementation of 
deactivation, as well as the larger part of the concrete and the fixture from the neutron therapy channel 
preparation.

Liquid radioactive wastes
There is no installation built for treatment of liquid RAW at the NSEC site. They are collected in 
underground stainless steel tanks of total volume approximately 300 m3, arranged near to the reactor 
building. An assessment of their condition was carried out in the year 2004 by a licensed organization 
with positive results, proving their capability for future operation. A transportation of approximately 
250 m3 low level liquid RAW was carried out in 2000. The amounts (about 84000 l) are foreseen to be 
transported to the Kozloduy NPP for reprocessing before dismantling commence.

Prior the commencement of the partial dismantling of the IRT-Sofia it is necessary to develop a 
detailed work-schedule for implementation of the activities on the General Plan for partial 
dismantling. 

As well it is necessary to provide safe and secure spent nuclear fuel (EK-10 and C-36 type) 
transportation from IRT-Sofia site to Russia. In this connection activities of the international project 
RRRFR are implementing at the present time such as preparation of methodology for the spent nuclear 
fuel condition assessment; implementation of sipping test for determination of the fuel elements 
integrity, etc. 
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Abstract. In order to implement a final decommissioning of a radioactive research facility, a detailed 

decommissioning plan/design was drafted before the operation, and got permission from the Chinese safety 
authority. This paper describes the plan/design in its principle and operational framework. It is concluded that a 
careful management and design will be important for a decommissioning operation. 

1. Introduction 
It is recognized that small research facilities are smaller in size and complexity and may present a 
lower radiological risk during their decommissioning. Therefore, the strategies and planning for small 
facilities may be much less onerous than for large ones such as nuclear power plants or fuel processing 
facilities, but many of the same principles apply. In China, there are many such small research 
facilities as those associated with the nuclear industry, the study of metabolic, toxicological and 
environmental pathways, and with the research and analytical laboratories at universities and institutes 
doing basic research in the fields of physics, chemistry, engineering, medicine and biology. This paper 
presents a decommissioning experience in the detailed planning phase for a radioactive research 
laboratory in China. 

2. Objective 
The objective of decommissioning is to reduce the risk of harm caused by radiation to workers and the 
public to acceptably low levels. The purpose of planning and design is to achieve this objective, while 
minimizing the risk to the personnel engaged in the activity. The decommissioning described in this 
paper is a green house used on radioecology simulation research. After considering the regulatory 
requirements, financial and technical issues, the strategy of immediate dismantle was determined. The 
final goal of the decommissioning project is to obtain a release for the unrestricted reuse of the site 
after removing the radioactivity. Presently, a detailed design covering all aspects of decommissioning 
is drawing up.  

3. Results of the radiological surveying 
The green house (Figure 1), located at north part of Beijing city and owned by the Institute for Atomic 
Energy Application, was in operation between 1957 and 2004. It has an area of 33 m�21 m and 
covered by a metallic net. The main function of the green house was for pot culture of radioisotope 
experiments such as 14C, 90Sr, 137Cs, 32P, 45Ca, 65Zn, 59Fe etc. Surface soil contamination of the site is 
estimated about 170m2, and its external exposure rate was measured as 0.87���·h. Total 920kg in 
weight and 2m3 in volume soil used for pot culture study need to be removed, and its external 
exposure rate was measured between 1.74���·h and 17.38���·h. 
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Toxic materials 

During the IRT-2000 operation such materials as asbestos and mercury have not been used in reactor 
construction and equipment. Acids and alkalis, as well as organic and non-organic solvents have been 
used in small amounts in the facility maintenance following strict observation of normative base for 
management of such materials. No generation of such materials is expected as a result of dismantling 
activities. 

Non radioactive materials 

A generation of certain amount of non-radioactive materials is also expected in the dismantling 
activities. They are metals from facility outside the reactor pool and the 1st circulation loop premise, 
materials from the reactor pool and from the 1st circulation loop premise after implementation of 
deactivation, as well as the larger part of the concrete and the fixture from the neutron therapy channel 
preparation.

Liquid radioactive wastes
There is no installation built for treatment of liquid RAW at the NSEC site. They are collected in 
underground stainless steel tanks of total volume approximately 300 m3, arranged near to the reactor 
building. An assessment of their condition was carried out in the year 2004 by a licensed organization 
with positive results, proving their capability for future operation. A transportation of approximately 
250 m3 low level liquid RAW was carried out in 2000. The amounts (about 84000 l) are foreseen to be 
transported to the Kozloduy NPP for reprocessing before dismantling commence.

Prior the commencement of the partial dismantling of the IRT-Sofia it is necessary to develop a 
detailed work-schedule for implementation of the activities on the General Plan for partial 
dismantling. 

As well it is necessary to provide safe and secure spent nuclear fuel (EK-10 and C-36 type) 
transportation from IRT-Sofia site to Russia. In this connection activities of the international project 
RRRFR are implementing at the present time such as preparation of methodology for the spent nuclear 
fuel condition assessment; implementation of sipping test for determination of the fuel elements 
integrity, etc. 
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Figure 1. The green house in operation in 1992 

4. Preparation for the decommissioning 
According to national technical document, “The Basic Standards for Protection Against Ionizing 
Radiation and for the Safety of Radiation Sources (Chinese BSS)”, the materials in the site will be 
sorted, collected, packaged and transported. Because all materials in the site are movable, it is 
estimated that all the activities would be performed within two weeks. The procedures used for the 
radiological evaluation, dismantle and decontamination of the green house is drafted prior to the 
implementation. The framework of decommission operation is showed in Figure 2. 

Figure 2. The framework of decommissioning operation. 

5. Waste transportation 
The green house will be dismantled by normal technology. It is estimated that about 3 m3 radioactive 
waste will be generated. Therefore, 15 pieces of standard metal containers will be needed. An 
authorized specialized company will do responsibility for the waste package transportation to the 
Chinese North-West LILW repository. 

6. Radiation protection 
According to the ALARA principle, the dose limit is required as 2.0 mSv/a for worker and 0.1 mSv/a 
for public on this decommissioning activities. During all dismantling or decontamination operations, 

Checking and monitoring measurements 

Radioactive materials collection & conditioning  

Dismantle 

Clearance level Contaminated materials 

Decontamination

Send to municipal crematory Radwaste collection, conditioning and package  

The site allowed to be used without 

restriction Send to the North-West LILW repository 

the crew will wear safety clothing. The crew will be checked for contamination by means of a hand 
and foot monitor when they remove their safety clothing and leave the site.  

7. Industrial safety 
During the decommissioning, workers and environment should be properly protected from hazards 
resulting from the decommissioning activity. Some industrial safety case is imaged such as physical 
injury, fire and insect biting, etc. The special training will be held.  

8. Lessons learned  
� The decommissioning of the facility should be considered in its design and development stages. 

A well designer should simplify the procedures to be applied after the end of the operational life 
of the facility and the practical performance of the decommissioning procedures;  

� Some crew members using the facility should be involved in design and performing the 
decontamination and dismantling of the facility; 

� The comprehensive and accurate records of the facility construction and operation are very 
important for the design work.  

9. Conclusion remarks 
In principle, it can be stated that the decommissioning of contaminated small facilities as the green 
house can be carried out simple with existing tools. The overall organization of the operation and 
minimization of the generated waste is important because this part of operation has a large impact on 
the total cost of the decommissioning. Therefore, a detailed plan/design for decommissioning 
operation should be prepared very carefully. 
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Abstract . In January 2001, the U.S. Department of Energy finalized a USD$7 billion contract to complete 
decommissioning and cleanup of the 6,400-acre (26 Km²), 800-building former nuclear weapons manufacturing 
plant known as Rocky Flats.  The breakthrough approach by DOE and its contractors was cited by the U.S. 
government as a model for future nuclear facility decommissioning activities.  In December 2002, DOE awarded 
USD$314 million, performance-based contract to CH2M HILL to accelerate the safe decommissioning and closure 
of the much smaller nuclear facility at the former Mound Plant in Miamisburg, Ohio.  The former Mound Plant 
conducted extensive research with radionuclides and other weapons and nuclear related R&D, and production 
activities at the nuclear facility involved manufacture and testing of detonators and explosives that were used in 
initiators; tritium recovery; and power sources for the space industry.This poster describes lessons learned that 
CH2M HILL, as the managing partner of the Kaiser-Hill Company responsible for decommissioning Rocky Flats 
(completed in December 2005), successfully applied at the much smaller accelerated decommissioning of the former 
Mound Plant (completed in July 2006). Specific lessons learned to be discussed include the implementation of:  a 
“projectized approach” to project execution; a comprehensive communication plan involving the workforce and 
stakeholders; incentivization of the contractor and the workforce for safe decommissioning; techniques for early 
reduction of risk; techniques to reduce infrastructure costs; innovative technologies and strategies; plans to manage 
contract risks for both the client (DOE) and the contractor; a strong focus on safety; and comprehensive worker 
transition plans. 

1. Background 
In 1989, the U.S. Department of Energy (DOE) created the Office of Environmental Management (EM) to 
mitigate the risks and hazards posed by the U.S. government’s legacy of nuclear weapons production and 
research. The EM program is responsible for decommissioning and cleaning up 114 sites involved with 
research, development, production, and testing of nuclear weapons. Taken together, these sites encompass 
an area of over 8,000 km2 — more than three times the size of Luxembourg. 

In the early years of the government’s nuclear decommissioning program, DOE continued its approach of 
using existing Management and Operating (M&O) contractors from private industry to execute the work 
with very little success. In 1991, DOE implemented new Environmental Restoration Management 
Contracts at its Hanford, Washington and Fernald, Ohio sites, with the intention of bringing in contractors 
from private industry with specialized decommissioning and cleanup expertise.  During the past 14 years, 
the U.S. government has expended tens of billions of dollars on its nuclear environmental legacy 
management program, with varying degrees of success.  For the first decade DOE used used two primary 
contracting approaches, cost plus fixed fee and fixed price contracts.  Both of these approaches were less 
than effective. 

The U.S. Government Accounting Office (GAO) reported in May 1998 that DOE’s use of fixed-price 
contracting was appropriate when projects were well defined and when uncertainties could be allocated 
between DOE and the contractor. When these conditions did not exist, cost overruns and schedule delays 
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occurred. GAO reported that the fixed price contracting approach was not successful in controlling costs 
on large, complex cleanup projects because of the high level of technical uncertainty and risk. 
Furthermore, in 2000, the GAO concluded that DOE’s privatization initiative (fixed-price contracting with 
innovative financing mechanisms) had little success in achieving cost savings, keeping the projects 
moving forward on schedule, or getting improvements in contractors’ performance [1]. The GAO 
specifically identified failures on large, complex nuclear liability privatization (fixed price) contracts for 
the Pit 9 project in Idaho, the Waste Treatment Project at Hanford, the Advanced Mixed Waste Treatment 
Project in Idaho, and the East Tennessee Technology Park decommissioning project (former K-25 site) in 
Oak Ridge.  The GAO further noted that after dramatic growth in these project’s estimated cost and 
concerns about the contractor’s performance, DOE terminated the contracts at Pit 9 (currently in litigation) 
and the Hanford Waste Treatment Plant ($250 million termination for convenience), while BNFL is likely 
to lose more than $150 million in Oak Ridge. GAO concluded that DOE’s experience indicated that fixed-
price contracting will not work effectively for large complex nuclear decommissioning projects. 

In January 2001, DOE negotiated a USD$7 billion contract to complete decommissioning and cleanup of 
the 6,400-acre (26 Km²), 800-building former nuclear weapons manufacturing plant known as Rocky Flats 
near Denver, Colorado.  Later that year, DOE negotiated a second closure contract at the former uranium 
Feed Materials Production Plant near Cincinnatti, Ohio. 

In August 2001, the U.S. Secretary of Energy directed the Assistant Secretary for Environmental 
Management to undertake a comprehensive performance review of the EM program. The Environmental 
Management Top-to-Bottom Review Team was tasked to conduct a programmatic review of the EM 
program and its management systems, with the goal of quickly improving program performance. The Top-
to-Bottom Review Team reached the following main conclusions [2]:  

� The government’s nuclear facility decommissioning program had lost its focus on risk reduction;  

� The regulatory framework governing the cleanup program—in many cases negotiated with the 
government—had failed to prioritize or promote cleanup and risk reduction;  

� The government’s contracting strategy had failed to deliver cleanup and risk reduction, awarding 
large fees to contractors for very little in the way of tangible results;  

� The government had failed to reduce environmental and public risks;  

� The costs of the program had continued to escalate. Through the year 2000, $70 billion had been 
invested in the government’s nuclear facility decommissioning program, yet the cost and schedule 
for completing the program had increased annually;  

� The public had grown disenchanted; the environmental regulators had grown impatient; and the 
taxpayers had grown wary. 

2. Learning from the past – a new decommissioning approach 
On February 4, 2002, the U.S. Secretary of Energy accepted the recommendations of the Top-to-Bottom 
Review Team and directed the Assistant Secretary for EM to implement those recommendations. A key 
finding of the Top-to-Bottom Review Team was that the manner in which EM developed, selected, and 
managed many contracts was not focused on accelerating risk reduction and applying innovative 
approaches to the decommissioning work. Processes for contract acquisition, establishment of 
performance goals, funding allocation, and government oversight were managed as separate, informally 
related activities rather than as an integrated corporate business process. EM stated their intention to apply 
the lessons learned from Rocky Flats as appropriate to other nuclear facility decommissioning sites with 
similar work scope, cleanup missions, and contracts, by committing to “Develop formal lessons learned 
and a best-practices program for the EM contract acquisition process. This should include, but not be 
limited to, risk sharing between the contractor and DOE, as illustrated by Rocky Flats Environmental 
Technology Site”[2]. 

To this end, in July 2002 the government issued Request for Proposals (RFP) for the cleanup and closure 
of the Mound site. Incorporating lessons learned from Rocky Flats, the RFP included a detailed scope of 
work that allowed contractors to understand the work in sufficient detail to make realistic bids. Details of 
government-funded services and items including required client oversight, were provided, and 
performance-based incentive fees were to be negotiated as part of the contract. Table 1 shows the major 
acquisition-related issues raised in the Top-to-Bottom Review and addressed by the Mound RFP.  

Table 1. Top-to-bottom review issues addressed within the request for proposals for the Mound 
decommissioning project [3] 

Top-to-Bottom  Review Issue Mound RFP Response 

Performance goals are poorly 
defined.  

� Statement of Work is clearly defined (i.e., Work Breakdown Structure 
format)  

� Contractor selection is based on performance-based approach and 
schedules, not process, plans, etc.  

� Fee payments are based on objectively determined performance 
metrics.

� A contractor perspective is used during RFP development. The source 
evaluation board is frequently challenged with “What does that 
mean?”  

The contractor’s problem-solving 
abilities are restricted.  

� Contractors are given maximum flexibility to optimize their approach.  
� The RFP includes frequent statements such as “Timing of demolition 

activities will not be constrained by the Government…” and “The 
contractor is encouraged to coordinate with the Contracting Officer to 
develop and execute innovative and graded approaches for removing 
facilities.”

� Integrated Safety Management must be applied to “plan the right 
work.” 

Government oversight can be 
confusing and burdensome to both 
DOE and the contractor.  

Government oversight of contractor work is defined in a contract clause 
and includes:
� A limited number of employees who can direct the contractor, 

formally identified by name (e.g., list of contracting officer’s 
representatives).  

� Knowledgeable DOE employees (trained and qualified, similar to the 
DOE Facility Representative program).  

� An oversight approach that is formally documented and delivered to 
the contractor at contract award.  

� Focus of government oversight on contract execution.  

Uncertainty in work scope is not 
acknowledged by DOE or the 
contractor.  

Work scope uncertainty is clearly identified in the RFP:  
� DOE’s understanding of uncertainty in the work scope is presented.  
� The contractor’s view of uncertainty in the work scope is solicited.  
� Methods for minimizing impact on cost and schedule are solicited.  

The contractor should be considered 
the primary customer of the RFP 
process.  

� All reference material cited in the RFP is provided to the contractors.  
� A pre-proposal conference lasts 1 week:  

– Day 1: conference room discussion of RFP, cost incentives, etc.  
– Days 2, 3, 4, and 5: tour of facility by DOE; every work element 

visited and discussed—environmental remediation sites, every 
building, every utility component to be removed.  
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similar work scope, cleanup missions, and contracts, by committing to “Develop formal lessons learned 
and a best-practices program for the EM contract acquisition process. This should include, but not be 
limited to, risk sharing between the contractor and DOE, as illustrated by Rocky Flats Environmental 
Technology Site”[2]. 

To this end, in July 2002 the government issued Request for Proposals (RFP) for the cleanup and closure 
of the Mound site. Incorporating lessons learned from Rocky Flats, the RFP included a detailed scope of 
work that allowed contractors to understand the work in sufficient detail to make realistic bids. Details of 
government-funded services and items including required client oversight, were provided, and 
performance-based incentive fees were to be negotiated as part of the contract. Table 1 shows the major 
acquisition-related issues raised in the Top-to-Bottom Review and addressed by the Mound RFP.  

Table 1. Top-to-bottom review issues addressed within the request for proposals for the Mound 
decommissioning project [3] 

Top-to-Bottom  Review Issue Mound RFP Response 

Performance goals are poorly 
defined.  

� Statement of Work is clearly defined (i.e., Work Breakdown Structure 
format)  

� Contractor selection is based on performance-based approach and 
schedules, not process, plans, etc.  

� Fee payments are based on objectively determined performance 
metrics.

� A contractor perspective is used during RFP development. The source 
evaluation board is frequently challenged with “What does that 
mean?”  

The contractor’s problem-solving 
abilities are restricted.  

� Contractors are given maximum flexibility to optimize their approach.  
� The RFP includes frequent statements such as “Timing of demolition 

activities will not be constrained by the Government…” and “The 
contractor is encouraged to coordinate with the Contracting Officer to 
develop and execute innovative and graded approaches for removing 
facilities.”

� Integrated Safety Management must be applied to “plan the right 
work.” 

Government oversight can be 
confusing and burdensome to both 
DOE and the contractor.  

Government oversight of contractor work is defined in a contract clause 
and includes:
� A limited number of employees who can direct the contractor, 

formally identified by name (e.g., list of contracting officer’s 
representatives).  

� Knowledgeable DOE employees (trained and qualified, similar to the 
DOE Facility Representative program).  

� An oversight approach that is formally documented and delivered to 
the contractor at contract award.  

� Focus of government oversight on contract execution.  

Uncertainty in work scope is not 
acknowledged by DOE or the 
contractor.  

Work scope uncertainty is clearly identified in the RFP:  
� DOE’s understanding of uncertainty in the work scope is presented.  
� The contractor’s view of uncertainty in the work scope is solicited.  
� Methods for minimizing impact on cost and schedule are solicited.  

The contractor should be considered 
the primary customer of the RFP 
process.  

� All reference material cited in the RFP is provided to the contractors.  
� A pre-proposal conference lasts 1 week:  

– Day 1: conference room discussion of RFP, cost incentives, etc.  
– Days 2, 3, 4, and 5: tour of facility by DOE; every work element 

visited and discussed—environmental remediation sites, every 
building, every utility component to be removed.  
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Top-to-Bottom  Review Issue Mound RFP Response 
Government-furnished services and 
items (GFSI) should be developed to 
clearly identify government 
responsible actions.  

Risk-sharing principles contained within the GFSI clause in the Rocky 
Flats closure contract are continued.  

3. Implementing specific lessons learned at the former Mound plant 
The former Mound Plant is located 306-acre (1.24 Km²) former nuclear weapons component facility, 
within Miamisburg city limits, 10 miles (16 Km) west of Dayton, Ohio. Initial activities conducted at the 
nuclear facility involved research, development, and the manufacture of polonium-based initiators.  Later 
activities included extensive research with radionuclides and other weapons and nuclear related R&D, and 
production activities at the nuclear facility involved manufacture and testing of detonators and explosives 
that were used in initiators; tritium recovery; and power sources for the space industry. The scope of the 
contract involved:

• Decommissioning and demolition of 64 Buildings; 

• Decontaminating and releasing 9 facilities for transfer to the Miamisburg Mound Community 
Improvement Corporation (MMCIC); 

• Characterizing and remediating (or otherwise disposition) 73 Potential Release Sites (PRS); soils 
remediated to prescribed cleanup  standards as outlined in the Mound 2000 Approach; 

• Characterizing, handling, packaging, and shipping all radioactive and non-radioactive waste for 
disposition, including 121,762 m3 of LLW (no onsite disposal of cleanup wastes); 

• Removal of all above ground utility structures and components; 

• Site restoration (reseeding, grading, etc.); 

• 10 Additional scope areas, including: 

– Additional 144,415 m3 LLW soils;

– Incremental pension funding outside of Target Cost; 

– Sanitary Sewer Treatment Package Plant; 

– T-Building Remediation above characterization data provided during bid;  

– Expenses for excavation and shipment of 144,415 m3 of additional waste; 

– Overhead costs for labor and expenses necessary to continue additional scope. 

4. Implement a projectized approach 
During the proposal phase and within 30 days of contract award, CH2M HILL developed a 
decommissioning lifecycle baseline and working plan with the end-state definition in mind.  This baseline 
included a comprehensive, integrated strategic work plan to focus all available resources needed 
accomplish the planned work. The client (DOE) agreed that this baseline agreement would serve as the 
measurement point for contract performance and progress.  CH2M HILL directed all actual field work all 
work in accordance with this aggressive plan, with an internal goal of beating the contractually agreed-
upon baseline.  As the project progressed, CH2M HILL held regular project meetings with DOE and the 
regulators to establish priorities and address issues. 

5. Focus on safety  
A key lesson learned from Rocky Flats and elsewhere in U.S. government nuclear facility 
decommissioning projects is that increased worker safety pay dividends in both cost and schedule; a site 

shutdown for a safety event can cost millions of dollars a day.  Safe, compliant, accelerated 
decommissioning can only be achieved through rigorous work control processes implementing principles 
of integrated safety management and the full participation and involvement of the workforce in the 
planning of work activities. To that end, CH2M HILL focused on safe decommissioning project execution 
from Day 1 of the new contract.  All workers were held responsible for safety, and were eligible for spot 
awards and team goals for improved or outstanding safety performance.  Line supervisors were given 
direct responsibility and accountability for safe execution of work, and CH2M HILL maintained a 
continuous focus on waste compliance, and hazards controls. 

6. Communicate the plan to the workforce and stakeholders 
Another key lesson learned from Rocky Flats was that clear, open, and honest communication with the 
workforce and the stakeholders is essential to developing a shared vision of the decommissioning end 
state.  This includes cultivating  community consensus by determining shared areas of benefit, convincing 
workers that working for a winner going out of business fast (getting done) is better than working for a 
loser going out of business slowly, and embracing regulators as partners.  At Mound, CH2M HILL placed 
an emphasis on re-focusing workforce from the Management and Operations mindset to a 
decommissioning completion/facility closure mindset.  We implemented workforce-wide incentives for 
performance and safety performance, and continuously provided clear and consistent communication with 
each worker to ensure a clear understanding of how he or she fit into the organization.  We provided early 
detailed information and responses to concerns from neighborhoods, MMCIC tenants, community and 
other stakeholders.  These actions, learned and applied from the success at Rocky Flats, ensured that all 
stakeholders had a common vision for the completion of the Mound decommissioning project. 

7. Incentivize safe decommissioning completion 
As CH2M HILL learned at Rocky Flats, providing the workforce with incentives and accountability to get 
the job done safely is the ultimate key to the success of a large decommissioning project.  At Mound, we 
renegotiated labor agreements to provide management with flexibility to utilize personnel skills where 
they were needed most, and represented labor and salaried workforce alike were provided incentives for 
attention to safety performance. In addition, we provided annual monetary incentives as well as retirement 
benefits indexed to project performance to the entire workforce, but all incentives were directly linked to 
safety performance. 

8. Reduce the most significant risks early  
CH2M HILL incentivized both management and the workforce to seek methods for reduction of nuclear, 
security and industrial risks that consume valuable personnel and/or funding resources. As at Rocky Flats, 
nuclear materials were packaged and shipped to other DOE sites; classified materials were dispositioned, 
enabling reduction in security; targeted source-term removal was employed to reduce nuclear safety 
requirements; and the elimination of hazardous materials and energy sources were coupled with taking 
buildings to a rapid cold-and-dark status, which reduced industrial safety risks associated with building 
demolition. 

9. Reduce the nuclear facility infrastructure costs 
We learned at Rocky Flats that significantly reducing costs of site infrastructure can significantly provide 
more money for decommissioning work. At Mound, changing from an operation-production environment 
to that of a facility decommissioning-closure environment required fundamental changes in the 
deployment of available resources, and we focused on funding and personnel resources in that were in 
direct correlation to decommissioning activities, and concurrently worked to reduce the site’s 
infrastructure costs.  We reduced/eliminated programmatic requirements; we reduced the site’s footprint; 
we reduced operations and maintenance costs; we provided flexibility by outsourcing resources; and we 
consolidated all waste management activities.  As a result, the financial and labor resources were available 
to focus on accelerated decommissioning activities.  
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Top-to-Bottom  Review Issue Mound RFP Response 
Government-furnished services and 
items (GFSI) should be developed to 
clearly identify government 
responsible actions.  

Risk-sharing principles contained within the GFSI clause in the Rocky 
Flats closure contract are continued.  
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The former Mound Plant is located 306-acre (1.24 Km²) former nuclear weapons component facility, 
within Miamisburg city limits, 10 miles (16 Km) west of Dayton, Ohio. Initial activities conducted at the 
nuclear facility involved research, development, and the manufacture of polonium-based initiators.  Later 
activities included extensive research with radionuclides and other weapons and nuclear related R&D, and 
production activities at the nuclear facility involved manufacture and testing of detonators and explosives 
that were used in initiators; tritium recovery; and power sources for the space industry. The scope of the 
contract involved:

• Decommissioning and demolition of 64 Buildings; 

• Decontaminating and releasing 9 facilities for transfer to the Miamisburg Mound Community 
Improvement Corporation (MMCIC); 

• Characterizing and remediating (or otherwise disposition) 73 Potential Release Sites (PRS); soils 
remediated to prescribed cleanup  standards as outlined in the Mound 2000 Approach; 

• Characterizing, handling, packaging, and shipping all radioactive and non-radioactive waste for 
disposition, including 121,762 m3 of LLW (no onsite disposal of cleanup wastes); 

• Removal of all above ground utility structures and components; 

• Site restoration (reseeding, grading, etc.); 

• 10 Additional scope areas, including: 

– Additional 144,415 m3 LLW soils;

– Incremental pension funding outside of Target Cost; 

– Sanitary Sewer Treatment Package Plant; 

– T-Building Remediation above characterization data provided during bid;  

– Expenses for excavation and shipment of 144,415 m3 of additional waste; 

– Overhead costs for labor and expenses necessary to continue additional scope. 

4. Implement a projectized approach 
During the proposal phase and within 30 days of contract award, CH2M HILL developed a 
decommissioning lifecycle baseline and working plan with the end-state definition in mind.  This baseline 
included a comprehensive, integrated strategic work plan to focus all available resources needed 
accomplish the planned work. The client (DOE) agreed that this baseline agreement would serve as the 
measurement point for contract performance and progress.  CH2M HILL directed all actual field work all 
work in accordance with this aggressive plan, with an internal goal of beating the contractually agreed-
upon baseline.  As the project progressed, CH2M HILL held regular project meetings with DOE and the 
regulators to establish priorities and address issues. 

5. Focus on safety  
A key lesson learned from Rocky Flats and elsewhere in U.S. government nuclear facility 
decommissioning projects is that increased worker safety pay dividends in both cost and schedule; a site 

shutdown for a safety event can cost millions of dollars a day.  Safe, compliant, accelerated 
decommissioning can only be achieved through rigorous work control processes implementing principles 
of integrated safety management and the full participation and involvement of the workforce in the 
planning of work activities. To that end, CH2M HILL focused on safe decommissioning project execution 
from Day 1 of the new contract.  All workers were held responsible for safety, and were eligible for spot 
awards and team goals for improved or outstanding safety performance.  Line supervisors were given 
direct responsibility and accountability for safe execution of work, and CH2M HILL maintained a 
continuous focus on waste compliance, and hazards controls. 

6. Communicate the plan to the workforce and stakeholders 
Another key lesson learned from Rocky Flats was that clear, open, and honest communication with the 
workforce and the stakeholders is essential to developing a shared vision of the decommissioning end 
state.  This includes cultivating  community consensus by determining shared areas of benefit, convincing 
workers that working for a winner going out of business fast (getting done) is better than working for a 
loser going out of business slowly, and embracing regulators as partners.  At Mound, CH2M HILL placed 
an emphasis on re-focusing workforce from the Management and Operations mindset to a 
decommissioning completion/facility closure mindset.  We implemented workforce-wide incentives for 
performance and safety performance, and continuously provided clear and consistent communication with 
each worker to ensure a clear understanding of how he or she fit into the organization.  We provided early 
detailed information and responses to concerns from neighborhoods, MMCIC tenants, community and 
other stakeholders.  These actions, learned and applied from the success at Rocky Flats, ensured that all 
stakeholders had a common vision for the completion of the Mound decommissioning project. 

7. Incentivize safe decommissioning completion 
As CH2M HILL learned at Rocky Flats, providing the workforce with incentives and accountability to get 
the job done safely is the ultimate key to the success of a large decommissioning project.  At Mound, we 
renegotiated labor agreements to provide management with flexibility to utilize personnel skills where 
they were needed most, and represented labor and salaried workforce alike were provided incentives for 
attention to safety performance. In addition, we provided annual monetary incentives as well as retirement 
benefits indexed to project performance to the entire workforce, but all incentives were directly linked to 
safety performance. 

8. Reduce the most significant risks early  
CH2M HILL incentivized both management and the workforce to seek methods for reduction of nuclear, 
security and industrial risks that consume valuable personnel and/or funding resources. As at Rocky Flats, 
nuclear materials were packaged and shipped to other DOE sites; classified materials were dispositioned, 
enabling reduction in security; targeted source-term removal was employed to reduce nuclear safety 
requirements; and the elimination of hazardous materials and energy sources were coupled with taking 
buildings to a rapid cold-and-dark status, which reduced industrial safety risks associated with building 
demolition. 

9. Reduce the nuclear facility infrastructure costs 
We learned at Rocky Flats that significantly reducing costs of site infrastructure can significantly provide 
more money for decommissioning work. At Mound, changing from an operation-production environment 
to that of a facility decommissioning-closure environment required fundamental changes in the 
deployment of available resources, and we focused on funding and personnel resources in that were in 
direct correlation to decommissioning activities, and concurrently worked to reduce the site’s 
infrastructure costs.  We reduced/eliminated programmatic requirements; we reduced the site’s footprint; 
we reduced operations and maintenance costs; we provided flexibility by outsourcing resources; and we 
consolidated all waste management activities.  As a result, the financial and labor resources were available 
to focus on accelerated decommissioning activities.  
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10. Employ innovative techniques 
Through previous accelerated decommissioning activities, CH2M HILL learned that complex is not 
always safer or better. We implemented many innovative decommissioning techniques, based on these 
lessons:

• Less size reduction of equipment is safer; 

• Decontamination can reduce costs associated with waste packaging, transportation, and disposal; 

• Investigation and characterization often eliminates myths that surround historical operations 
allowing safe work planning based on fact; 

• Use of fixatives and fogging can eliminate exposure potential; 

• Commercial demolition techniques are often directly applicable in nuclear and radiological projects; 

• Open and streamlined regulatory process encourages active participation and support from 
regulators and the government, thus encouraging working teams. 

11. Manage contract risks 
Certain risks are associated with cost plus incentive fee contracts including safety performance, limited 
characterization of buildings and soils, or changing regulatory positions.  Contract risks include potential 
for discovery of increased building contamination, increased waste volumes, discovery of other 
transuranic wastes, availability of treatment and disposal sites, labor issues, and pension funding. At 
Mound, just as at Rocky Flats, CH2M HILL experienced all of these contract risks. We developed risk 
mitigation plans that were tracked and measured on progress to ensure minimization/mitigation of these 
risks.

12 Summary 
From a nuclear facility decommissioning contractor’s perspective, CH2M HILL has learned that lessons 
learned from large decommissioning projects, both successes and failures, can and must be applied to 
smaller projects to ensure project success. The starting point is to ensure that the client and the 
stakeholders hold a common vision for the end state of the decommissioning project. The U.S. Senate 
Armed Services Committee, in its report on the National Defense Authorization Act For Fiscal Year 2004, 
recognized the U.S. Department of Energy EM program for its approach to establishing this vision [4]:  

When the EM program first began, and for most of its existence, its efforts have been primarily focused 
on compliance milestones, not cleanup milestones. Under the accelerated cleanup plan, in the same 
manner as was achieved at Rocky Flats, Mound, and Fernald, EM is reducing risk to the environment, 
workers and the community, shortening cleanup schedules, and saving tens of billions of dollars across 
the EM complex. . . Many of these gains have been through innovations and new technologies which were 
developed by EM. However, most of the gains were reached by adding flexibility and incentives into the 
cleanup contracts. The committee encourages EM to continue looking for ways to advance and accelerate 
cleanup of our former defense nuclear facilities. 

In July 2006, CH2M HILL successfully completed the decommissioning of the former Mound Plant, only 
eight months after completing the much larger Rocky Flats Closure Project. The successful completion of 
the Miamisburg Closure Project (Mound) would not have been possible without the effective capture, 
communication, and application of lessons learned from Rocky Flats. In the U.S., this fact is widely 
recognized, and the U.S. Department of Energy recently established the Rocky Flats Closure Legacy 
Report [5], designed to capture and preserve the groundbreaking analyses, strategies and decisions carried 
out at Rocky Flats – the lessons learned -- to support future accelerated decommissioning efforts. 
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