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FOREWORD

The decommissioning of facilities that use radioactive material is the final
step in their life cycles and its objective is the safe termination of the activities
at the facilities and the release of associated materials and sites for unrestricted
or restricted use. There is an international consensus that decommissioning
should be considered at the early stages of facility development. However, for
many facilities built decades ago, this was not done and, as a result, insufficient
consideration was given to important factors such as spent fuel and waste
management and to the financial and social aspects. Internationally, immediate
dismantling is recognized as the preferred decommissioning strategy because of
its important advantages, such as the availability of knowledge of the facility
history, the availability of skilled personnel, and social and financial
considerations. However, other strategies have been justified and implemented
around the world.

Lessons learned from the planning, performance, termination and
regulation of decommissioning of different facilities (nuclear power plants,
research reactors, fuel fabrication plants, etc.) have been gathered during the
last forty years. They show that properly conducted decommissioning ensures
the protection of workers, the public and the environment and allows licences
to be terminated safely. Decommissioning is also a key factor in demonstrating
to the various interested parties that nuclear facilities can be safely managed
throughout their lifetimes. The lessons learned from decommissioning projects
can be incorporated in a systematic manner into the design and operation of
new facilities to facilitate their own eventual decommissioning. Challenges
remain in the achievement of safe and effective decommissioning, in relation
to, for example, demonstration of safety, the adequacy of technology, adequate
funding for decommissioning, the management of spent fuel and radioactive
waste, and social considerations.

It was considered timely for the International Atomic Energy Agency
(IAEA) to organize this international conference on the Lessons Learned from
the Decommissioning of Nuclear Facilities and the Safe Termination of Nuclear
Activities, from 11 to 15 December 2006 in Athens. The conference was co-
sponsored by the European Commission (EC), and held in cooperation with
the OECD Nuclear Energy Agency (OECD/NEA) and the World Nuclear
Association (WNA). It was a follow-up to the conference on the Safe
Decommissioning of Nuclear Facilities, held in Berlin in 2002.

The conference was organized with the aim of sharing experience and
knowledge between operators, regulators, policy makers, decision makers and
technical experts. It also had the goal of identifying areas for international



harmonization in the decommissioning of various facilities with different
complexities and hazard potentials.

Participants at the conference discussed various aspects of
decommissioning in eight technical sessions: global overview; regulation of
decommissioning activities; planning for decommissioning; waste management
issues; technology aspects; social and economic impacts; and decommissioning
of small facilities. This publication, which constitutes the record of the
conference, includes the opening and closing speeches, the invited papers, the
summaries of the discussions during the sessions and the panel sessions, and a
summary of the conference. A CD-ROM containing the presentations made
during the conference and the unedited contributed papers of the conference
can be found at the back of this book.

The TAEA gratefully acknowledges the support and hospitality of the
Government of Greece through its Ministry of Foreign Affairs of the Hellenic
Republic and the Greek Atomic Energy Commission (GAEC).

EDITORIAL NOTE

The Proceedings have been edited by the editorial staff of the IAEA to the extent
considered necessary for the reader’s assistance. The views expressed remain, however, the
responsibility of the named authors or participants. In addition, the views are not
necessarily those of the governments of the nominating Member States or of the
nominating organizations.

Although great care has been taken to maintain the accuracy of information
contained in this publication, neither the IAEA nor its Member States assume any
responsibility for consequences which may arise from its use.

The use of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories,
of their authorities and institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated
as registered) does not imply any intention to infringe proprietary rights, nor should it be
construed as an endorsement or recommendation on the part of the [AEA.

The authors are responsible for having obtained the necessary permission for the
IAEA to reproduce, translate or use material from sources already protected by
copyrights.
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SUMMARY

1.  BACKGROUND

Early planning, effective and safe implementation and completion of
decommissioning of facilities using radioactive material is increasingly drawing
the attention of regulators, operators, the public and other interested parties
around the world. Decommissioning started more than forty years ago,
covering a wide range of facilities with different hazard potentials, complexities
and involving different decommissioning strategies (immediate dismantling,
deferred dismantling or entombment). This has resulted to the collection of
experience (good and bad) and lessons learned that can be shared with experts
involved in ongoing or planned decommissioning projects, as well as in the
design and operation of new facilities.

The Athens conference was convened as a follow-up to the International
Conference on Safe Decommissioning of Nuclear Activities [1], which took
place in Berlin in 2002. The aim of the conference was to share experience and
knowledge and to identify areas of international harmonization in the decom-
missioning of various facilities (e.g. nuclear power plants, fuel cycle facilities,
research reactors, mining and mineral processing facilities, research labora-
tories). A total of 292 participants from 50 Member States attended the
conference, of which 92 participants were from 32 developing countries. Forty-
six papers were presented by invited speakers during the sessions, followed by
discussions during seven panel sessions. Sixty-nine posters were presented,
together with exhibits from seven organizations.

The conference was organized by the International Atomic Energy
Agency (IAEA), co-sponsored by the European Commission (EC) and held in
cooperation with the OECD Nuclear Energy Agency (OECD/NEA) and the
World Nuclear Association (WNA). It was hosted by the Greek Atomic
Energy Commission (GAEC) and the Ministry of Foreign Affairs of the
Hellenic Republic, and was presided over by Mr. Camarinopolous, President of
the GAEC.

The conference addressed a wide range of topics namely, the regulation
of decommissioning activities, planning for decommissioning; implementation
of decommissioning activities; waste management; technology; social and
economic impacts and decommissioning of small facilities.
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2.  MAIN OUTCOMES OF THE CONFERENCE
The main conclusions from the conference can be summarized as follows:

Joint Convention on the Safety of Spent Fuel Management and on the
Safety of Radioactive Waste Management. The existing international
mechanisms addressing decommissioning safety, such as the Joint Convention
[2] need to be used more effectively to increase the awareness of governments
and interested parties of the need for early planning, adequate funding, govern-
mental support and long term strategies for decommissioning, waste and spent
fuel management.

International safety framework. With the approval of the new Safety
Requirements, Decommissioning of Facilities using Radioactive Material
(WS-R-5) [3], by the IAEA Board of Governors in September 2006, the suite
of international safety standards for the decommissioning of facilities using
radioactive material now covers all relevant areas. However, there is significant
experience worldwide that needs to be utilized and reflected in the revision of
the existing Safety Guides [4-6].

Enhancing the regular exchange of lessons learned from decommis-
sioning. The IAEA proposal to establish a decommissioning network, which
will bring together organizations with specific experience and competence in
decommissioning and that are willing to share their experience with other
organizations, was enthusiastically received.

Facilitating the decommissioning of small facilities. International support
for the decommissioning of small facilities in countries with limited resources
through further development of international centres in the different regions,
complementing the experience of the Research Reactor Decommissioning
Demonstration Project (R?D?P) in the Philippines [7] expected to be joined by
Australia and China, was strongly encouraged.

Regulation and demonstration of safety. The importance of establishing
clear regulatory policy, safety requirements and criteria, record keeping
mechanisms, approaches and criteria for the review of safety cases and
interaction mechanisms between regulators and operators was clearly
recognized. The differences between operational and decommissioning
activities and the need for flexible and graded approaches to the application of
regulatory frameworks were also recognized. The benefits of international
projects, such as the Evaluation and Demonstration of Safety during Decom-
missioning (DeSa) Project [8] were highlighted and the IAEA was encouraged
to continue such initiatives to address areas such as the review of safety cases
for decommissioning.
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Release of material and sites from regulatory control. There is interna-
tional consensus on the values for the clearance of material and sites from
regulatory control contained in the IAEA safety standards [9-11]. However,
further work is required at a national level to implement these values in order
to ensure a practical coherence across international borders, and to develop
strategies and mechanisms for monitoring compliance with them. Release of
sites for restricted use may become a preferred endpoint of decommissioning in
some cases, in particular in countries where new nuclear facilities are contem-
plated. The development of new, profitable options for decommissioned sites is
a trend which offers a large potential for workforce redeployment and local
revitalization [12].

Implementation of lessons learned from decommissioning in the design,
operation and maintenance of new facilities. In view of the recent increase in
the consideration of and plans for the development of nuclear facilities
worldwide, the conference strongly recommended that the lessons learned
from decommissioning to date be used as an input for the design, operation and
maintenance of all new nuclear facilities.

Decommissioning strategies. For many facilities and, in particular, for
small facilities, the preferred option is immediate dismantling. However,
deferred dismantling may be a justified option for some facilities, although
more clarity is needed on the concept of entombment, considered in some
Member States to be a storage rather than a disposal option [13].

Adequacy of cost estimation and funding. The establishment and
management of funding mechanisms supported by realistic cost estimates are
of high importance in the majority of countries. Governmental support and
funding is particularly important for the successful and safe decommissioning
of small State owned facilities and the cleanup of legacy sites. A lack of such
funding could be a significant impediment to the decommissioning progress
[14].

Management of decommissioning waste. Early planning, together with
clear waste management and spent fuel strategies, is vital for the success of
decommissioning projects. There was agreement that the lack of waste disposal
facilities is not a reason for delaying decommissioning, in particular, in the case
of legacy and small facilities [15, 16].

Decommissioning technologies. The conference showed that straight-
forward, proven and available decommissioning technologies are generally
preferable to new and innovative technologies. If new technologies are
foreseen to be used, the necessary provisions for the testing and demonstration
of their suitability needs to be considered in the planning for decommissioning.
It is also important to involve the operational workforce in the application and,
as appropriate, in the development of the decommissioning technologies [17].
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Preservation and management of knowledge. National and international
mechanisms need to be established to preserve and maintain the knowledge
gained that is important to the safety of decommissioning. The conference also
recognized the important challenges experienced in many countries in
retaining and maintaining the necessary levels of knowledge (including the
long term maintenance of records) and in retaining skilled personnel during
decommissioning, in particular in the case of long term projects. In this regard,
recognition of the concept of professional competence in decommissioning was
promoted [18].

Addressing social concerns. The early involvement of relevant stake-
holders in planning for decommissioning and the definition of a clear endpoint
for decommissioning are important, in particular for the release of material
from control and the reuse of sites. Such involvement contributes to building
public confidence, staff motivation and consideration of the social impacts
related to decommissioning.

3.  THE FUTURE

The conference highlighted many important lessons for implementation
in ongoing and future decommissioning projects. It also identified areas for
future international cooperation through the:

e Review and revision of the International Action Plan on Decommis-
sioning of Nuclear Facilities [19];

e Improvement of the peer review mechanisms of the Joint Convention,
and increasing the awareness of the Contracting Parties on issues
important to the safety of decommissioning;

e Revision of the safety standards on decommissioning to take into consid-
eration the lessons learned to date;

® Development of recommendations and guidance for incorporation into
international safety standards and their application for the reuse and
recycling of material from decommissioning, with particular focus on
monitoring for compliance with clearance values;

e Enhancing international cooperation in developing and testing methodol-

ogies for estimating decommissioning costs and providing guidance, in

particular for Member States with limited resources;

Establishment of a network of decommissioning centres to facilitate the

sharing of information between Member States, the dissemination of

good decommissioning practices, and the development of infrastructure/
capabilities, particularly in developing Member States;
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e Continuation of work of the DeSa project through a follow-up

international project on the development and review of safety cases for
decommissioning;

Presentation and promotion of the outcomes of the conference at inter-
national forums.
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OPENING ADDRESS

L. Camarinopoulos
President,
Greek Atomic Energy Commission,
Athens, Greece

It is a great pleasure and privilege for me to welcome you to this Inter-
national Conference on Lessons Learned from the Decommissioning of
Nuclear Facilities and the Safe Termination of Nuclear Activities.

The Greek Atomic Energy Commission is very pleased to host this
conference on behalf of the Greek Government. We were deeply honoured by
the request of the IAEA to organize this important meeting here in Athens and
we accepted the challenge. After some two years of preparatory work we are
happy to now open the conference and we are, understandably, very satisfied
by the large attendance.

Strangely enough, planning the decommissioning of nuclear facilities —
which may be interpreted as a sign of ‘ending’ — is actually a future-oriented
activity. As you well know, the planning for decommissioning of nuclear
facilities and the making of provisions for the orderly conduct of decommis-
sioning, at the time of the conception and building of the facilities, is a sign of
foresight and is required by many national legislations. Although its critics may
claim the contrary, the closing of the nuclear fuel cycle and the management of
the nuclear waste has been considered, studied and discussed from the very
beginning of nuclear developments. The notions of life cycle analysis of nuclear
activities, of recycling of materials and management of the wastes are familiar
to nuclear scientists and engineers. Such considerations are commonplace in
the nuclear industry — but this is not the case in other industries that discovered
these notions, (life cycle analysis and fuel cycles), much later.

Of course, planning for decommissioning occurred to a lesser extent
during the pioneering days of the nuclear industry, but this is understandable:
The scientists and engineers working with the great enthusiasm of those times
had other concerns in mind. Today, however, we are not only requiring the
closing of the nuclear fuel cycle, but also the closing of the life cycle of the
nuclear facilities; decommissioning is the last step in this cycle.

Decommissioning is becoming an increasingly important activity interna-
tionally, not because the nuclear era has come to an end (as some social actors
or stakeholders may have wished), but because the nuclear industry has
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reached maturity and the older facilities that have fulfilled their mission have
been retired.

Now a few reminders about the organization of the conference, its
purpose, and its focal points:

As you well know — and I am quoting the IAEA announcement — “the
objective of the conference is to foster information exchange on the safe and
efficient termination of practices that involve the use of radioactive substances
and to promote improved coherence internationally on strategies and criteria.”

This conference aims to bring together the various technical and
regulatory experts and the other stakeholders in the complex decommissioning
topic, to arrive at a comprehensive assessment of the situation: where we stand
today — how much have we already learned, what knowledge is still missing —
and to find ways for moving forward in a more systematic, comprehensive, I
would say, holistic manner.

May I remind you that the prior IJAEA International Conference on the
Safe Decommissioning of Nuclear Activities was held in October 2002, in
Berlin. That conference addressed the social, regulatory, technical and
economic decommissioning issues and its conclusions were the important basis
for the International Action Plan on Decommissioning of Nuclear Facilities
that was published some time after the Berlin conference. In addition, an inter-
national workshop co-sponsored by the OECD Nuclear Energy Agency, the
TAEA and the European Commission was held in Rome, in September 2004 to
discuss, once again, the decommissioning issues and determine whether all key
issues were addressed. The present conference is a natural continuation of the
previous discussion, but the IAEA conference this time is addressing the
subject from a more pragmatic perspective. ‘Lessons Learned’ is the key aspect
of our conference, making the difference and assuring continuity with the
previous ones.

It is obvious to me that, today, decommissioning of large or small
radioactive facilities, the subject of this conference, cannot be ignored by any
country, large or small, developed or developing, with or without a nuclear
power programme. The magnitude of the issues may be different in each
country, but their national importance is always present. All countries make
use of at least some applications involving radiation sources or radioactive
materials and will need to terminate these activities safely; the decommis-
sioning issues are therefore universal.

Although the weight of the large installations (nuclear power plants and
other large fuel cycle facilities) is evident in the invited speakers’ presentations,
you will find a lot about decommissioning of smaller facilities like research
reactors and nuclear laboratories in the contributed papers.
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From the point of view of a country without a nuclear power programme
like Greece, the decommissioning of small nuclear facilities, a focal point in
Session 8§, is also a very important issue. The absence of large, well equipped
nuclear facilities and specialized manpower makes the conduct of smaller
decommissioning projects difficult — international cooperation and assistance
from the countries with large nuclear programmes is needed. This need was
already recognized in the IAEA Action Plan that explicitly addresses the diffi-
culties that small countries without nuclear power programmes are facing. The
decommissioning of research reactors is also addressed in the Action Plan that
again mentions the particular difficulties encountered, in less developed
countries, where not only the technical and human infrastructure, but also
funding may be lacking. Problems related to the absence of waste management
and disposal facilities and decommissioning in countries with limited
programmes are focal points in Session 3 on Planning for Decommissioning.

More specialized issues such as how to maintain the safety culture when
the time for decommissioning is approaching and how to manage the decom-
missioning of a facility on a multi-facility site (with some operating and some
retired facilities) are focal points in Session 4, Implementation of Decommis-
sioning Activities.

This brings me to a few remarks about the situation in your host country,
Greece.

You are probably aware of the fact that Greece has no nuclear power
programme and no plans to start building any nuclear power plants in the
foreseeable future.

In Greece there is only one research reactor and we hope that its time for
decommissioning is still in the future. At the present time, it is undergoing
renovation, and this is the reason why we had, regretfully, to change our plans
and not visit the research reactor on Friday afternoon, as originally planned.

However, Greece uses radioactive sources in medicine, industry, research
and education. These activities have left us with some radiological legacies
(orphan sources, for example, as in all other countries) and these continue to
create small decommissioning tasks and radioactive waste that has to be taken
care of.

The country is also facing, to a lesser extent of course, some very
interesting decommissioning problems from non-nuclear industries that have
produced some weak radioactive waste. We are particularly eager to see some
international harmonization of the exemption and clearance levels for such
waste types, that is, for naturally occurring radioactive materials, the so-called
NORM.

The challenges in the harmonized implementation of internationally
agreed reference exemption and clearance levels will be addressed in Session 5,
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Waste Management Issues, while the lessons learned from experiences from
involving stakeholders in decommissioning projects are a focal point of
Session 7.

The amounts of radioactive materials produced in a small country
without a nuclear power programme are very limited. The inventories in
question are at the level of the uncertainty or ‘noise’ in the nuclear material
inventories of the nations with large nuclear power programmes. In spite of
their internationally very small weight, they still have to be addressed appropri-
ately at the national level and disposed of properly — this is a requirement in
all national legislations. We would like to appeal here for an international
discussion that could lead to the creation of regional or international reposi-
tories, hopefully in locations that already receive large quantities of waste. The
additional ‘noise’ will certainly not overburden these locations.

To give a European perspective, particularly to our overseas participants,
I would like to briefly mention the decommissioning related actions at the
European Union level. The European Union has clearly recognized the
importance of the radioactive waste and decommissioning issues and the need
for harmonization at the European level. Harmonization, covered in this
conference in Sessions 1, 2 and 6, is the key word here and is to be applied to all
the aspects of the problems; technical, regulatory and economic. The European
Council has commissioned, through its Atomic Questions Group of permanent
representatives in Brussels, the Working Party on Nuclear Safety to produce a
report on:

— Achievements reached or foreseen with regard to harmonised safety
approaches in various contexts (meaning the two IAEA Conventions, the
Western European Nuclear Regulators Association (WENRA), the
TAEA safety standards and the work of the OECD/NEA and EC
working groups), and on

— The availability of adequate financial arrangements in Member States to
cover decommissioning costs.

This report should serve as basis for the foreseen consultation process on
harmonization. The report should be ready at the end of this year.

As a measure of the importance that the European Union is giving to the
issue of availability of decommissioning funds, I can also mention that, in 2005,
the European Commission initiated a broad consultation within its Member
States and the (future) Accession Countries, and convened a group of
nationally nominated experts in nuclear decommissioning funding, the so-
called Decommissioning Funding Group. The purpose of this forum is to
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exchange experience and build a common understanding between the Member
States, the Accession Countries and the Commission.

Let me now briefly remind you of the format of this conference and how
the various sessions, discussion panels and other presentations will contribute
to achieving its goals.

It is worthwhile mentioning that the conference is attended by 292 parti-
cipants from 50 IJAEA Member States. 46 invited speakers will make presenta-
tions during the conference and in addition there are 98 contributed papers.

The Programme Committee has identified a number of topics that
constitute the themes of the eight technical sessions, each taking half a day.

The major issues in each session will be introduced by senior experts, with
time provided in each session for discussion. The panel sessions, that will follow
most sessions, will provide an opportunity for a more intensive exchange of
views with the audience sometimes on controversial issues. The Chairpersons
will present the conclusions from their respective sessions on Friday morning. I
will summarize during the closing session on Friday the principal findings of the
entire conference.

The poster session, late this afternoon, which is combined with a
reception, will be an excellent opportunity for getting to know each other and
each other’s work. You will find additional contributed papers in the written
proceedings of the conference.

At this point, I would like to take a moment to thank all those who
contributed to the organization of this conference: the IAEA, the European
Commission, the OECD/NEA, the World Nuclear Association, the members
of the Programme Committee, the Conference Secretariat and the Local
Coordinators.

My remarks may have confirmed in your mind that the subject of this
conference is wide-ranging. You have, I believe, an interesting and very busy
week ahead of you, with a very intense programme. [ wish to all of us success in
our deliberations and I look forward to useful outcomes from this event.
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T. Skylakakis
Secretary General for International Economic Relations and Development,
Ministry for Foreign Affairs,
Athens, Greece

It is with great pleasure that, on behalf of the Ministry of Foreign Affairs,
I welcome you to Greece. I would like to thank the IAEA and the Greek
Atomic Energy Commission for the invitation to be present at the opening of
this International Conference on Lessons Learned from the Decommissioning
of Nuclear Facilities and the Safe Termination of Nuclear Activities.

I believe that this conference serves the important purpose of bringing
together experts who will consolidate information from around the world on
matters regarding the difficult task of decommissioning nuclear facilities.

The purpose of our endeavour is to contribute to the concerted interna-
tional efforts to obtain a realistic picture of the scope of the decommissioning
task, based on achievements thus far, but also to discuss the challenges that lie
ahead. In this regard, the role of the IAEA is to continue the burdensome task
of compiling information on the magnitude of this problem, as it is the only safe
way of creating a solid basis for an international discussion on the solution of
the associated problems. It is through the accumulation and evaluation of
information that the decommissioning process over the years has become
efficient and refined and, most importantly, safer.

This conference is the second of its kind organized by the TAEA,
following the success of the one held in Berlin in 2002.

The IAEA, in collaboration with the OECD Nuclear Energy Agency and
other international agencies, has the competency, but also the experience, to
engage in activities such as radioactive waste management, radiological
protection and the technical evaluation of the nuclear fuel cycle.

The roles of these agencies and the importance of the safe decommis-
sioning of nuclear activities are of particular importance in the post Cold War
era of the global threat of terrorism. On a regional level, the European Union
has offered support by providing grant-financed technical assistance to the
twelve countries of Eastern Europe and Central Asia'. The goal of this

! Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, Kyrgyzstan, Republic of
Moldova, Russian Federation, Tajikistan, Turkmenistan, Ukraine and Uzbekistan are
the TACIS member states.
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undertaking is to enhance the transition process in these countries, and, in this
context, to decommission nuclear facilities that have completed their life cycle.

In closing, I want to stress the important objective of this conference,
which is to foster information on the safe and efficient termination of practices
that involve the use of radioactive substances and to promote improved
coherence internationally on strategies and criteria.

I hope that Athens will be an inspiring venue for this undertaking, and
will contribute to the momentum initiated at the International Conference in
Berlin (2002), and the International Workshop in Rome (2004).
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I. Tsoukalas
Secretary General for Research and Technology,
Ministry of Development,
Athens, Greece

It is a pleasure for me to welcome you to the International Conference on
Lessons Learned from the Decommissioning of Nuclear Facilities and the Safe
Termination of Nuclear Activities.

The Greek Government, through the Ministry for Foreign Affairs and the
Greek Atomic Energy Commission, undertook the responsibility of organizing
the meeting in Athens. I am particularly pleased to see that one of the organi-
zations that I have the honour to direct is part of the conference secretariat and
that it has contributed to the challenge of organizing this conference.

Ten days ago we faced an emergency, created in still partly mysterious
ways, by the use of polonium-210 for criminal purposes. The scientific
community was not specifically prepared to deal with this radiological issue,
but the laboratories concerned throughout Europe, including the laboratory of
the Greek Atomic Energy Commission — and I am very pleased about that —
were able to react within hours and days and to face the technical issues raised,
as well as the public concerns and fears.

At the other end of the spectrum of timescales, in relation to future issues
and the level of preparedness for addressing them, you are dealing this week
with decommissioning topics and issues that will become relevant, for some
nuclear facilities, decades from today. It is very satisfying to realize that the
nuclear industry and organizations responsible for nuclear safety, such as the
TAEA, are taking early steps in meeting the challenges of the future. In fact, the
nuclear industry is one of the first, if not the very first, to have addressed future
issues sufficiently early during its development.

Considering extremely long timescales, the nuclear industry and the
responsible international organizations must also plan for the disposal of
nuclear waste, a problem that is associated with the unprecedented time
horizon of thousands or even millions of years.

Decommissioning has been conducted for some fifty years now, and
although there may be some experience of the decommissioning of small
facilities, only a few large nuclear facilities or nuclear power plants have been
fully decommissioned. Some mistakes have been made in decommissioning
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and lessons have been learned; it is extremely important to share this
knowledge, and this is the theme of this conference.

International cooperation and learning from the experiences of others is
particularly important today as most organizations have limited experience of
decommissioning projects. As the industry develops, decommissioning will
clearly become more commonplace.

The topics of this conference cover an extremely wide range. Although
the weight of the large installations (power plants and large fuel cycle facilities)
is evident in the invited speakers’ presentations, I was very pleased to notice in
the conference programme issues concerning the decommissioning of smaller
facilities, like research reactors and nuclear laboratories, or issues concerning
waste management, subjects presenting a particular national interest to us.

At this point, I can happily remind you that Greece is also a party to the
Convention on Nuclear Safety and to the Joint Convention on the Safety of
Spent Fuel Management and on the Safety of Radioactive Waste Management.

Undoubtedly, the conference addresses both scientific and technical
interests. However, as I am also deeply involved in the political dimension of
some subjects, I will follow the proceedings of this conference as both a
scientist and a politician. In this respect, I am very much interested in the
presentations and positions of the international and European organizations, as
well as those of our neighbouring countries.

I know that your task is complex. I am confident that you will carry it out
with great responsibility, transparency and certainly with unique expertise and
profound scientific knowledge.

In this sense, I am looking forward to your final findings and conclusions.
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T. Taniguchi
Deputy Director General,
Department of Nuclear Safety and Security,
International Atomic Energy Agency,
Vienna

1. INTRODUCTION

It is my pleasure, on behalf of the Director General, to welcome you to
Athens and to formally open the International Conference on Lessons Learned
from the Decommissioning of Nuclear Facilities and the Safe Termination of
Nuclear Activities.

I wish to use this opportunity to express the appreciation of the IAEA to
the Government of Greece, the Greek Atomic Energy Commission and the
city of Athens for organizing and hosting this important international event,
and to Professor Camarinopolous for accepting the Presidency of the
conference.

I would also like to thank the European Commission, the OECD Nuclear
Energy Agency and the World Nuclear Association for their cooperation in the
organization of this conference.

This conference is being convened as a follow-up to the International
Conference on the Safe Decommissioning of Nuclear Activities, which took
place in Berlin in 2002. That conference led to the approval of the International
Action Plan on Decommissioning of Nuclear Facilities by the IAEA Board of
Governors in 2004.

This year, the IAEA marks its 50th anniversary, which corresponds to the
50th anniversary of the peaceful use of nuclear technology in many IAEA
Member States. Therefore, as mentioned by the Director General during his
opening statement at the General Conference in September this year, this is a
time for reflection on international achievements and for the sharing of
knowledge, experience and lessons learned. It is also a time to reflect on the
continuing need for the enhancement of a common safety culture among all
parties involved in the life cycle of nuclear facilities.

With the end of life approaching for many facilities, the development and
implementation of a holistic approach to decommissioning and the termination
of nuclear activities is essential, not only for large nuclear facilities, but also —
and in particular — for small facilities, for which resources and safety and
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security measures are limited. The holistic approach refers not only to the time
dimension of the life cycle of a specific facility, but also to the long-term
sustainability of the whole system in the country and the region, including the
possible recycling of material and multinational or regional cooperation. It
should also comprehensively cover the technical, financial, social and political
aspects of decommissioning.

For these reasons, it is extremely important to increase the awareness of
operators, regulators, and governmental organizations of the lessons learned to
date to ensure that the responsibilities for safe decommissioning and
termination of activities are implemented until the release of sites from
regulatory control. This is also of particular importance for legacy sites where
cleanup is needed and often has to be implemented at times long before
decisions are made about the release of the sites from regulatory control and
about appropriate arrangements for radioactive waste management.

The decommissioning of facilities using radioactive material has been
undertaken for more than 40 years and considerable experience has been
accumulated. Decommissioning is the last step in the life cycle of a facility,
which — contrary to the previous steps of siting, design, construction, commis-
sioning and operation — does not evoke a positive reaction in facility staff, nor
often in other interested parties due to its association with reduced
employment opportunities and the generation of radioactive waste and spent
fuel, with the concurrent need for their long term management.

Increased public awareness and the growing concern for safety and
protection of the environment have amplified these issues, and it is therefore
not only important to demonstrate the safe decommissioning of facilities and
termination of licences, but also to incorporate the lessons learned during the
decommissioning in the design, construction and operation of new facilities, to
communicate with the public and media, and to involve the stakeholders.

During the past few years we have also observed strong emerging signs of
high expectations for the future nuclear power development, often referred to
as a ‘nuclear renaissance’. However, I prefer to use the phrase ‘vita nuova’ from
the first Anthology of Dante, written in his national language. Vita nuova may
better reflect the new global dimension, improved technologies and new
countries that will be involved, hence requiring new ways of thinking and
meeting new challenges.

Furthermore, an increasing number of power stations are planned for
construction and operation in the near future in countries with existing nuclear
programmes, such as, Canada, China, Finland, France, India, Japan, the
Republic of Korea, the Russian Federation and the USA, and new research
reactors in Australia and China.
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Uranium mining activities are increasing worldwide, for example, in
Australia, Canada, Kazakhstan, Namibia, Niger, the Russian Federation and
Uzbekistan. More than ten countries are planning to expand or resume
uranium mining in the future.

It is vitally important that these plans for new and re-invigorated nuclear
power development worldwide are complemented by equally ambitious plans
for establishing and enhancing effective and sustainable safety and security
infrastructures, which include proactive measures to assure the safe decommis-
sioning and termination of nuclear activities.

Decommissioning gives rise to particular safety and security concerns,
and the importance of adequate planning, funding, regulatory control and
measures to ensure safety and security during and after decommissioning
become increasingly important as the number and types of facilities undergoing
decommissioning increase.

Of the 442 nuclear power reactors in the world, 88 have been in operation
for 30 to 40 years, 200 for 20 to 30 years, 109 for 10 to 20 years and 45 for less
than 10 years. This means that 209 power reactors, about two-thirds of that
total, are expected to exceed their original 30 year design lifetime in ten years’
time.

At present, several large facilities are undergoing decommissioning in a
number of countries including Germany, Japan, Spain, the United Kingdom
and the USA. Also, several nuclear power plants are to be decommissioned as
aresult of the end of their lifetime, for example in the Russian Federation, or as
a result of their early shutdown in Bulgaria, Lithuania, Slovakia and Sweden.

Decommissioning is not only a matter for the organizations directly
responsible, it is a shared responsibility with governments, communities and
public officials. The timeframes involved can be decades, emphasizing the
importance of knowledge preservation and the transfer of knowledge to future
generations. The removal of large amounts of material from sites for disposal as
radioactive waste or through clearance mechanisms for recycling and free
release also poses a significant challenge to all the parties involved.

2. DECOMMISSIONING ACTIVITIES

In recent years, a significant increase in decommissioning projects and
activities has been observed, together with significant progress in those
projects. In the USA alone, there are currently 16 nuclear power and early
demonstration reactors, 14 research and test reactors, 32 materials facilities,
3 fuel cycle facilities and 12 uranium recovery facilities in different stages of
decommissioning under Nuclear Regulatory Commission (NRC) jurisdiction.
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The picture in other countries is similar:

e The decommissioning of uranium production, enrichment and fuel
fabrication facilities is under way in a number of countries, including:

— The Korea Atomic Energy Research Institute (KAERI) uranium
conversion plant;

— The United Kingdom’s Capenhurst diffusion plant;

— The Siemens Fuel Element Facility in Hanau, Germany.

e Recent nuclear facility decommissioning activities include:

— The US Department of Energy Rocky Flats Facility was decommissioned
and closed in 2005 to become a wildlife refuge;

— The decommissioning of the Maine Yankee PWR in the USA was
completed in 2005;

— The José Cabrera-1 Nuclear Power Plant in Spain was shut down this
year with plans to undertake preparatory activities for decommissioning;

— The decommissioning of the Greifswald WWER plant in Germany is
continuing, with a target date for completion of 2010;

— The Stade PWR nuclear power plant in Germany entered the second
dismantling phase in February 2006;

— An application has been made for a licence for the decommissioning
of the Tokai Magnox nuclear power plant in Japan;

— Regulatory consent was given for decommissioning of the Dungeness
Magnox plant in United Kingdom.

e Notable progress in the decommissioning of research reactors has been
achieved during the last year:

— Decommissioning of the 2000 W research reactor (DR-1) in Denmark
was completed at the end of 2005;

—Two Triga type research reactors located at the German cancer
research centre in Heidelberg were completely decommissioned and
released from regulatory control in 2006;

— A licence application is being prepared for the immediate dismantling
of the FRJ-2 research reactor in Jiilich (Germany);

— The decommissioning of the CIEMAT Research Centre (Spain) is
being planned, including the JEN-I research reactor, a pilot reproc-
essing plant, a fuel fabrication facility, a conditioning plant for liquid
waste and a liquid waste storage facility.

¢ Decommissioning of many small facilities has also taken place. Examples
of recently finalized projects can be found:

— In France this year after the successful decommissioning of the
Cadarache irradiator installation, the facility was released from
regulatory control;



OPENING SESSION

— In 2005 in the USA, the Nuclear Regulatory Commission completed
decommissioning actions at seven non-reactor materials sites.

e Developments have also taken place in recent years on national policies
and strategies for decommissioning in several countries including:

— The French nuclear regulatory authority is fostering immediate
dismantling as the preferred option, which has resulted in reconsider-
ation of the planned decommissioning activities for nine of the EDF
reactors expected to be decommissioned before 2025.

— In 2005, the Nuclear Decommissioning Authority was established in
the UK with responsibility for managing all nuclear legacy sites.

— The regulatory approach in France, as revised in 2003, has been
implemented this year in the licensing of the decommissioning of the
Brennilis 70 MW(e) heavy water reactor and the decommissioning of
the first French PWR prototype of 350 MW(e) reactor (Chooz A). At
present only one licence for decommissioning is required in France,
while in the past a separate licence was required for each decommis-
sioning phase.

— The Ukrainian Council of Ministers issued a decree establishing a
national fund for the decommissioning of its WWER reactors which
will facilitate the early planning and future safe termination of these
facilities.

— Canada has taken a decision to invest over US $500 million during the
next five years in the cleanup of legacy sites where R&D activities
have taken place, some which dated from the period 1940-1960;

— The Russian Federation is also planning to spend several billions of
dollars on the decommissioning of nuclear facilities between 2008 and
2015. More than 100 nuclear facilities in Russia have already been
shut down for various reasons and are awaiting decommissioning.

So what have we gained from all thise experience over the past forty
years? In the words of the Greek philosopher Aristotle, “What we have to
learn to do, we learn by doing”. Indeed, the experience and knowledge gained
during the implementation of these and other decommissioning projects
worldwide is a valuable source of knowledge that can be gathered and shared
among experts from operating organizations and regulatory authorities in
order to improve decommissioning projects and increase protection of workers,
the public and the environment for ongoing and planned future decommis-
sioning projects. Experience, both good and bad, provides an opportunity for
learning, particularly in respect of how to:
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— Increase safety during decommissioning;

— Improve processes for the clearance of material from regulatory control;

— Improve site clean-up activities and facilitate the re-use or release of sites
from regulatory control;

— Improve the selection of appropriate decommissioning technologies;

— Incorporate lessons learned from decommissioning in new designs and
operation of nuclear facilities.

The IAEA has been assisting Member States around the world in sharing
their practical experience and the lessons learned from decommissioning
projects at facilities with different designs, complexities and hazards, using
different decommissioning strategies and within different legal and regulatory
frameworks. The IAEA technical reports have documented decommissioning
experiences since the 1970s.

The increase in these activities in recent years has resulted in the
development of internationally agreed safety standards, the application and use
of these standards in national decommissioning programmes, and more
recently, the establishment of international legally binding instruments such as
the Joint Convention on the Safety of Spent Fuel Management and on the
Safety of Radioactive Waste Management (the Joint Convention).

3. RECENT DEVELOPMENTS IN
INTERNATIONAL SAFETY STANDARDS

With regard to the recent developments in the safety standards relevant
to decommissioning, a major milestone in 2006 was the publication of the new
‘Fundamental Safety Principles’. It states that the fundamental safety objective
is “to protect people and the environment from harmful effects of ionizing
radiation”. The fundamental safety objective applies to all circumstances that
give rise to radiation risks. It also stipulates ten associated safety principles, and
briefly describes their intent and purpose. The safety principles are applicable,
as relevant, throughout the entire life cycle, including decommissioning, of all
existing and future facilities and activities.

The Safety Fundamentals are complemented by a new Safety Require-
ments ‘Decommissioning of Facilities Using Radioactive Material’, that was
published just one month ago. This standard establishes clear requirements for
the planning, implementation and termination of decommissioning activities. It
applies to all facilities and decommissioning strategies — immediate disman-
tling, deferred dismantling and entombment. It recommends immediate
dismantling as the preferred option recognizing, nevertheless, that for some
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countries deferred dismantling is a justified option. It requires development of
a final decommissioning plan at least two years prior to the planned shutdown.
The existing Safety Guides on decommissioning of nuclear power plants,
research reactors, fuel cycle facilities, and research facilities are planned to be
revised in the near future, based on the new Safety Requirements.

A new Safety Guide on the ‘Release of Sites from Regulatory Control on
Termination of Practices’ was published in November 2006. It provides
guidance on the release from regulatory control of land, together with
associated buildings and structures, for either unrestricted or restricted use. It
provides recommendations for the cleanup of sites, where this is necessary,
prior to site release. The guide also provides recommendations on the intro-
duction of a new practice on a previously released site. This guide complements
the Safety Guide on ‘Application of the Concepts of Exemption, Exclusion and
Clearance’ that was published in 2004.

The only safety standard related to decommissioning that is presently
under development is entitled ‘Safety Assessment for Decommissioning of
Facilities Using Radioactive Material’. This guide provides specific recommen-
dations on the approach for the development and review of safety assessments.

4. APPLICATION OF THE SAFETY STANDARDS

According to its Statute, the IAEA also provides assistance to Member
States in the use and application of safety standards through a number of
mechanisms, including appraisal services, training, research and development,
technical cooperation and exchange of information. From the implementation
of these mechanisms in the field of decommissioning of various facilities
worldwide, a number of lessons have been learned.

Specific areas where assistance is still needed by Member States are:

— The establishment of national policies and selection of strategies for
decommissioning;

— Ensuring a proper interface between site specific strategies for
management of spent fuel, waste management and site release and
national policy;

— The development and review of decommissioning plans for existing and
new facilities;

— The establishment of adequate and effective funding mechanisms and
performance of cost estimates for decommissioning;

— The implementation of decommissioning strategies in the absence of
waste management options and capacities;
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— The development and review of safety assessments;

— Human resource development and project management, particularly in
countries with limited human and financial resources;

— The maintenance and preservation of knowledge on safety aspects
related to the transition from operation to decommissioning, and also
during and after decommissioning;

— The development, implementation and review of security measures.

The IAEA is working both at national and regional levels to enhance
safety during decommissioning in Member States through its regular
programme, its technical cooperation programme and also through a number
of relatively new international projects. These projects are supported by parti-
cipants from a large number of countries willing to share their experience and
knowledge on decommissioning. In particular these programmes include:

— The project on Evaluation and Demonstration of Safety during Decom-
missioning of Nuclear Facilities (DeSa) that started in 2004;

—The Research Reactor Decommissioning Demonstration Project
(R’D?P) in the Philippines that commenced in June 2006;

— The decommissioning of the former nuclear complex in Iraq.

The IAEA is also considering the establishment of a network of decom-
missioning centres in different regions as a tool for sharing of knowledge on
decommissioning.

5. THE JOINT CONVENTION

It is important to note that the Joint Convention, as a legally binding
international instrument, is relevant to decommissioning. In particular, Article
26 requires that:

“Each Contracting Party shall take the appropriate steps to ensure the
safety of decommissioning of a nuclear facility.”

“Such steps shall ensure that qualified staff and adequate financial
resources are available; the provisions with respect to operational radiation
protection, discharges and unplanned and uncontrolled releases are applied,
the provisions with respect to emergency preparedness are applied; and records
of information important to decommissioning are kept.”

During the Second Review meeting of the Contracting Parties that took
place in May 2006 in Vienna, 41 Contracting Parties discussed the status of
waste, spent fuel and decommissioning safety in their countries. As a result of
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these discussions, several conclusions related to decommissioning were
outlined in the President’s report:

— “All Contracting Parties are committed to address spent fuel and waste
management in a comprehensive manner. Many Contracting Parties have
already developed, or are currently developing, spent fuel and waste
management strategies based on increasingly comprehensive inventories,
including spent fuel and waste arising, or to arise, from decommissioning.

— Many Contracting Parties, especially those having nuclear power plants,
have established funding schemes for decommissioning.

— Contracting Parties’ strategies vary from immediate decommissioning
(i.e. starting from 0 to about 10 years after final shutdown) to delayed
decommissioning after a long safe enclosure phase. Keeping the
knowledge and memory of the installation (normal operation, modifica-
tions, incidents, etc.) was recognized as being of crucial importance,
especially in the case of delayed decommissioning.

— The subject of exemption and waste clearance was discussed. There is, for
the time being, no international consensus on the use of clearance levels.
Many Contracting Parties are implementing clearance criteria on a
generic basis or on a case-by-case basis. Public acceptance and a clear
radiation protection concept are key issues for the success of using
clearance levels.”

I am pleased to inform you that since the Second Review Meeting, China
and South Africa deposited their instruments of accession on 13 September
and 15 November 2006, respectively, and the number of Contracting Parties to
the Joint Convention at present is 43. However, there remain more than
100 Member States that are not yet party to the Joint Convention. All Member
States would greatly benefit from sharing experience and enhancing
cooperation in the areas of decommissioning through participation in the Joint
Convention. I strongly urge those countries that are not part of the Joint
Convention to take necessary measures to do so.

6. INTERNATIONAL ACTION PLAN ON DECOMMISSIONING
OF NUCLEAR FACILITIES (2004)

Providing for the exchange of information and knowledge sharing,
including that from decommissioning projects, are important activities of the
IAEA. The Berlin Conference of 2002 provided an opportunity for the
discussion of various safety aspects concerned with the decommissioning of
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different types of facilities, and at the same time it identified areas where the
ITAEA could assist Member States in the decommissioning and termination of
practices.

A number of issues identified at the Berlin conference were reflected in
the International Action Plan on Decommissioning of Nuclear Facilities that
was approved by the IAEA Board of Governors in June 2004. Since then, the
TAEA has been working on the implementation of the ten main areas:

— Review of the magnitude of future decommissioning activities;
— Safety standards on decommissioning;

— Safety assessment for decommissioning;

— Decommissioning of research reactors;

— Management of decommissioning waste;

— Information exchange of lessons learned from decommissioning;
— Funding mechanisms for decommissioning;

— Release and reuse of material, sites and buildings;

— Long term preservation of information;

— Addressing stakeholder involvement and social issues.

Progress on the implementation of these topics will be reported during this
conference.

The deliberations of the conference this week are important for the
identification of additional potential areas for action related to decommis-
sioning and, for example, I have already noted the importance of using the
feedback from decommissioning experience to influence and improve the
future design, construction, operation, maintenance and security of facilities.
The results of the conference will be taken into account in the review and
revision of the International Action Plan next year.

7.  MAIN OBJECTIVES AND EXPECTATIONS
FROM THE ATHENS CONFERENCE

Based on the wide range of completed, ongoing or planned decommis-
sioning projects worldwide, and international activities related to decommis-
sioning undertaken at national and international levels, extensive experience has
been accrued; lessons have been learned and feedback has been obtained from
the planning, implementation, regulation and termination of decommissioning
activities.

The TAEA, together with the European Commission, OECD Nuclear
Energy Agency, World Nuclear Association and the Government of Greece,

28



OPENING SESSION

has organized this international conference to share experience and the lessons
learned with the objectives of improving, facilitating and increasing safety and
also of improving ongoing and future decommissioning projects.

More specifically, during this week we aim to discuss experience in a
number of sessions covering:

— Global Overview: Harmonization of decommissioning approaches
(Session 1);

— Regulation of decommissioning activities (Session 2);

— Planning of decommissioning activities (Session 3);

— Implementation of decommissioning activities (Session 4);

— Management of waste and material from decommissioning projects
(Session 5);

— Decommissioning technologies (session 6);

— Social and economic aspects (Session 7);

— Decommissioning of small facilities (Session 8).

As one of the contributed papers appropriately quoted, the Mediter-
ranean philosopher Galileo Galilei said “You cannot teach people anything.
You can only help them discover it themselves.” This conference aims to help
each one of us to discover the optimum and most adequate way to the safe
decommissioning of nuclear facilities and the safe termination of nuclear
activities. I expect that the findings of this conference will lead to the revision of
the International Action Plan, reflecting the latest knowledge and rich
experience accumulated and giving a clear direction for future international
cooperation in the field of decommissioning in the coming years. They may also
provide useful guidance for a more effective peer review process of the Joint
Convention in the area of decommissioning.

Before concluding, I would like to thank the speakers, panellists,
chairmen, rapporteurs, and all participants for attending this important
conference and to wish all of you success.
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Abstract

The paper discusses the subject of the responsibilities and liabilities for decom-
missioning, drawing on the recommendations of the international safety standards. It
summarizes the results of a study of the worldwide status of decommissioning in which
estimates were made of the eventual costs of decommissioning civil nuclear power
stations, research facilities, nuclear fuel cycle facilities, non-nuclear industrial facilities
and military production facilities and reviews the implications of the study’s conclusions.

1. INTRODUCTION

The term ‘decommissioning’ refers to the administrative and technical
actions taken to allow the removal of some or all of the regulatory require-
ments from a facility. A facility means a building and its associated land and
equipment in which radioactive material is produced, processed, used, handled
or stored on such a scale that consideration of safety is required. Decommis-
sioning is increasingly becoming a major issue, since hundreds of facilities with
associated sources of radiation will end their operational lifetimes over the next
50 years.

Decommissioning strategies are intimately linked with radioactive waste
management strategies and policies, and therefore they imply developments
over long time frames. Ideally, the decommissioning strategy for a facility
involving radioactive materials is defined during the design of the facility,
updated on a regular basis during the operational life time of the facility and
implemented after its shutdown. This process can last for decades and, if the
strategy includes some deferred dismantling, the period can be a century or
more, particularly if the management of radioactive waste up to the time of
disposal is taken into account.

The main constraint on the safety of such a long-term process is the
sustainability of the liabilities framework, which defines the responsibilities in
the decommissioning process and the mechanism to provide funds for the
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decommissioning activity. The IAEA has assembled a series of publications on
decommissioning that its Member States can use to identify these responsibil-
ities, determine the resources needed to support decommissioning activities in
the future and identify areas that may need attention.

2. RESPONSIBILITY FOR DECOMMISSIONING

The process of decommissioning typically involves several parties and the
responsibilities and the transfer of responsibilities during the decommissioning
process has to be defined among them. The specification and assignation of
responsibilities is set out in international safety conventions and in the IAEA
safety standards. The international convention that addresses decommissioning
is the Joint Convention on the Safety of Spent Fuel Management and on the
Safety of Radioactive Waste Management (the Joint Convention) [1]. This
convention entered into force in 2001. Article 26 of the Joint Convention
assigns to the Contracting Parties (the States) the responsibility for the decom-
missioning of nuclear facilities.

The recently published IAEA Safety Fundamentals [2] establishes the
fundamental safety objective, safety principles and concepts that provide the
basis for the IAEA’s safety standards. The fundamental safety objective applies
for all facilities and activities involving a radiation source and for all stages over
the lifetime of a facility or radiation source, including decommissioning and
closure in the case of disposal facilities. In particular, Principle 1, which defines
the responsibility for safety, states that “consideration must be given to the
fulfilment of the licensee’s (and regulator’s) responsibilities in relation to
present and likely future operations and that provision must also be made for
the continuity of responsibilities and the fulfilment of funding requirements in
the long term”. Principle 7 on the protection of present and future generations
indicates that “Radiation risks may transcend national borders and may persist
for long periods of time and where effects could span generations, subsequent
generations have to be adequately protected without any need for them to take
significant protective actions”. It also makes clear that “radioactive waste must
be managed in such a way as to avoid imposing an undue burden on future
generations and that the generations that produce the waste have to seek and
apply safe, practicable and environmentally acceptable solutions for its long
term management”.

These principles, when translated into safety requirements in the newly
revised IAEA Safety Requirements on ‘Decommissioning of Facilities using
Radioactive Materials’ [3], define the responsibility for decommissioning
within a State. The government is responsible for providing an appropriate
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national legal and organizational framework within which decommissioning
can be planned and carried out safely. This includes, inter alia, the requirement
that a mechanism is established to ensure that adequate financial resources are
made available for safe and timely decommissioning. Adequate financial
resources to cover the costs associated with safe decommissioning, including
the management of the resulting waste, shall be available when needed, even in
the event of premature shutdown of the facility. Financial assurances to provide
for the required resources shall be in place before authorization to operate the
facility is given. The amount of financial assurance obtained shall be consistent
with a facility specific cost estimate and shall be changed if the cost estimate
increases or decreases. The cost estimate shall be reviewed as part of the
periodic review of the decommissioning plan. If financial assurance for the
decommissioning of an existing facility has not yet been obtained, suitable
funding provisions shall be put in place as soon as possible. Provisions for
financial assurance shall be required prior to licence renewal or extension. If
the decommissioned facility is released with restrictions on its future use,
financial assurance that is adequate to ensure that all necessary controls remain
effective shall be obtained before the authorization is terminated.

From the TAEA safety standards, it is clear that regarding the long term
mechanism to secure the funding of decommissioning, the responsibilities rest
with the government of a State.

3. ESTIMATION OF DECOMMISSIONING COST

The IAEA publication on the ‘Status of the Decommissioning of Nuclear
Facilities around the World’ [4], issued in 2004, reviews and summarizes the
decommissioning activities worldwide performed to date, those currently under
way and those projected to be performed in the future, and provides an
estimate of the likely costs associated with the overall decommissioning
activities.

The TAEA study includes all facilities that use radioactive material and
that will require eventual decommissioning. It does not include those facilities
that use only sealed sources and can be decommissioned in a direct manner
(e.g. by sending the source directly to a disposal site or returning it to the
manufacturer). The report includes information on nuclear power plants,
research reactors, accelerator facilities, fuel cycle facilities, research facilities
and laboratories, manufacturing plants and university facilities. Both
commercial and government facilities (including military sites) are included in
the study — to the extent that information on them was available at the time of
the preparation of the publication (2003). The military production facilities are
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termed ‘Cold War legacy facilities’ in the following text. Land areas that
require remediation, such as tracts of land with uranium mill tailings and
former nuclear weapon test sites, are not included.

The decommissioning cost is assessed for each type of facility taking into
account various factors: The size and complexity of the facility; the selected
decommissioning strategy (e.g. immediate dismantling, deferred dismantling or
entombment); the industrial framework in which the activity is performed (e.g.,
maturity of the industry, availability of experienced contractors); the general
industry conditions (e.g. labour costs, availability of appropriate technologies in
the domestic market versus imported technologies); the general technical
conditions (e.g. a well established regulatory framework, the availability of
proper infrastructure such as waste treatment, storage and disposal facilities,
and past experience accumulated in the decommissioning field); the forms and
quantities of radioactive material used (sealed sources or powders); and the
regulatory oversight and controls.

By using these factors, an average decommissioning cost for each type of
nuclear facility has been estimated. The values presented in Table 1 are
intended to represent typical examples of the decommissioning cost for each
type of nuclear facility, regardless of location. The estimated costs, operational
period and time to perform the decommissioning are based on the best
estimates of experts in the field of decommissioning planning and implemen-
tation.

4. THE WORLDWIDE LIABILITIES

The values presented Table 1 were used in making the projections for
future decommissioning costs. The total decommissioning costs by facility type
are presented in Table 2 and illustrated in Fig. 1. The table and the figure
indicate the costs for the time period 2001-2050. Because of the uncertainties in
the assumptions, this period has been divided into 5 year increments and the
figure shows the estimated liability for each five year period. The total cost for
the decommissioning of nuclear power plants during the reference time period
is about $185 billion; for the decommissioning of research reactors and critical
assemblies about $6320 million; for the decommissioning of fuel cycle facilities
about $71 billion; for the decommissioning of industrial facilities about $40
million; for the decommissioning of research facilities about $3360 million; and
for the decommissioning of facilities from the cold war legacy about $640
billion. This leads to a total decommissioning liability for the period 2001-2050
of about $1000 billion.
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TABLE 1. ESTIMATED DECOMMISSIONING COST FOR VARIOUS
TYPES OF FACILITY [4]

Estimated Operational Time to
Facility type decommissioning cost period decommission
(US $10° in 2003) (years) (years)
Power reactors 350 40 10, after a 5 year
transition period
Research reactors 1MW 40 3
Critical assemblies 0.050 40 1
Fuel cycle facilities
Uranium milling 0.800 25 1
Uranium conversion/ 150 30 3
recovery
Uranium enrichment 600 30 10
Fuel fabrication 250 30 2
Fuel reprocessing 800 30 15
Industrial facilities 0.200 20 1
Research facilities
Particle accelerators 0.100 40 1
Medical facilities 0.050 20 <1
Laboratories 0.050 20 1

The situation with regard to sustainable funding of these liabilities differs
for each type of facility. Some perspective can be provided for the figure for the
estimated liabilities over 50 years for nuclear power plants and fuel cycle
facilities by noting that the annual turnover of the nuclear power generation
industry is of the same order of magnitude (roughly $200 billion) and that it
includes provision to fund the decommissioning of these installations.

The situation for the industrial facilities stands in stark contrast to that for
nuclear power plants and fuel cycle facilities as only some of these facilities are
regulated as nuclear facilities and therefore only these have financial provisions
made for decommissioning. Most of the facilities using naturally occurring
radioactive material (NORM) are not required to make the same provisions in
relation to the termination of activities as facilities involving radioactive
material.

Although the liabilities for research reactors and research facilities seem
to be modest in relation to other facility types, the proper mechanisms to
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FIG. 1. Decommissioning liability by five year periods [4].

address their decommissioning are not always in place and as a result these
facilities have sometimes been abandoned.

By a wide margin, the Cold War legacy facilities represent the largest
burden in terms of financial liabilities for decommissioning. Although this type
of decommissioning involves, at present, only a few countries in the world, the
fact that no mechanism for the provision of decommissioning funds was
associated with the development of nuclear weapons (and that the political
rearrangement of the world has left the legacy to some States that did not exist
at the time of the cold war) can lead to difficult problems in relation to the
decommissioning of these facilities and to a persistent radiological threat to the
public and the environment.

5. CONCLUDING REMARKS

It is interesting to conjecture what the magnitude of the Cold War legacy
might have been had mature regulatory frameworks been in place when the
cold war military activities were taking place. The economic advantages of
having had a mature regulatory framework for the peaceful applications of
nuclear technology are clear.
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What do these findings mean for the IAEA? At first glance one might
expect that the IAEA would allocate its efforts in a manner proportional to the
cost picture presented above. In fact, much of the IAEA’s resources will be
allocated to the smaller cost areas, namely research reactors and some types of
fuel cycle facilities. The reason is quite simple — these are the types of facilities
found in countries that request assistance from the IAEA.

The IAEA is preparing a report on the global inventories of radioactive
waste [5]. This report is intended to provide global estimates of the amounts of
radioactive waste, although the present draft of the report does not provide
estimates for disposal costs [5]. The total cost for the disposal of 70 000 t U
(tonnes uranium) of spent nuclear fuel at Yucca Mountain has been estimated
to be $56 billion (normalized to the year 2000). From this figure, it can be
inferred that worldwide costs for spent fuel disposal will be comparable to
decommissioning costs for nuclear power plants. To provide a worldwide
perspective on the costs of decommissioning and radioactive waste
management it would be informative to combine the decommissioning cost
estimates and radioactive waste studies, to periodically issue an updated
version of this report, and to report on funding mechanisms that Member
States develop to manage their decommissioning and waste liabilities.

A central theme of the Joint Convention and the IAEA safety standards
is that safety is dependent upon the availability and adequacy of funding for
managing the nuclear liability. The greater the period the liability must be
managed, the greater the cost uncertainties, not to mention uncertainties
arising from economic and financial stability. It is worth noting that the same
uncertainties may arise when a strategy of long-term storage of radioactive
waste is adopted [6]. Financial uncertainties, and in turn their safety implica-
tions, are a compelling reason for society to try to avoid the transfer of undue
burdens to future generations.
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DISCUSSION

A.J. GONZALEZ (Argentina): You mentioned the problem of phosphor

gypsum associated with the phosphate industry. Some fuss has been made
about phosphor gypsum in Europe, but the main users are in South America,
where the activity levels are well below 1 Bq/g.

In my opinion, the greatest liabilities are those associated with the oil

industry, about which nobody talks. Oil industry facilities have vast lengths of
piping that contain radium and other radioisotopes.

D. LOUVAT (IAEA): I mentioned the problem of phosphor gypsum

because the phosphate industry is a practice where improvements could easily
be made.

I did not mention the oil industry, but the IAEA is developing decommis-

sioning guidance for that industry and a number of other ones.
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Abstract

In the coming years, OECD member countries will be increasingly faced with the
need to make appropriate provisions, in terms of policy, finance and management, for all
aspects of decommissioning. Decommissioning requires regulatory approval and over-
sight, the directions of which are guided by national policy. In several instances, govern-
ments have only recently begun to address their approaches to decommissioning policy
and regulation in national legislation, and international overviews of such approaches,
which may eventually lead to international harmonization, are only now beginning to
emerge. In parallel, policy and regulation have been evolving and a broadened compe-
tence has developed in relevant regulatory authorities. The challenge lying ahead is to
establish a framework that will allow for the growth of nuclear industrial activities in
competitive, globalized markets, while maintaining and assuring the safety of decommis-
sioning for the public and for workers. Within this context, institutional arrangements,
stakeholder issues, costs and funding, waste management and policies for release from
regulatory control, as well as the availability of technologies and skills, need to be
reviewed.

1. INTRODUCTION

The record of decommissioned nuclear power plants so far — representing
all stages and end points of dismantling, including some projects which have
resulted in sites being released under ‘green field’ conditions — clearly shows
that, at the industrial level, the processes and techniques for the decommis-
sioning of nuclear installations have advanced greatly over the past 20 years, to
the point where most situations arising can now be addressed with feasible
approaches. Techniques for decommissioning and dismantling are available,
and valuable experience has been fed back for the design of new plants as well
as for other decommissioning projects.

However, most of the plants that have been shut down for decommis-
sioning are not fully representive of the challenges to come. The decommis-
sioning of large nuclear power plants, which have been operated until the end
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of their design lifetimes or beyond, will be more complex and more difficult
often more contaminated than for the smaller reactors decommissioned to
date.

In addition to these commercial nuclear power plants liabilities, in many
countries there are also public-owned liabilities, for example, research and
development installations, prototype reactors, fuel cycle facilities, including
mining, and — in some countries — from military and weapons programmes.
They represent the nuclear legacy from programmes which were largely
established in the 1950s and 1960s.

Dealing with these nuclear legacies gives rise to special, and in some
cases, unique problems that reflect the nature of facilities that were built and
used at a time when regulatory requirements and operational priorities were
very different from those of today.

The nuclear industry has to take up these challenges, but it will be the task
of governments to adapt the existing nuclear regime so as to avoid the costs
remaining from the past and to create a ‘level playing field’ for a competitive
industrial activity.

2. ROLES OF GOVERNMENT AND INDUSTRY

In general, the setting of national policies and the establishment of
legislation and regulatory requirements are carried out at the national level by
government departments or ministries. Typically, these include ministries for
trade and industry, for the environment, for health, and for the economy. The
systems for developing legislation and regulatory depending upon constitu-
tional arrangements. Nevertheless, it is generally true that, in matters
concerning nuclear power, the primary body for these issues is central
government.

The bodies currently in place in countries for establishing policy,
legislation and standards; for operating nuclear facilities and managing
radioactive waste; and for regulating these activities, are adequate for dealing
with decommissioning. Depending upon individual national circumstances,
however, it may be convenient to modify the practical arrangements by
creating new bodies, such as dedicated liabilities management organizations, to
assume responsibility for decommissioning on behalf of operators that are no
longer in business and to maintain and further develop the related expertise,
and to work to enhance public confidence.

In most countries, the responsibility for implementing decommissioning
activities lies with the body that operated the nuclear facility during its
operational phase. As regards the practical activities of decontamination and
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dismantling, various options are being adopted or are being considered. These
options include the undertaking of decommissioning by the operator of the
facility, or by specialist contactors employed by the operator, or some
combination of the two.

Because utility companies are generally plant operators, the tendency is
for the decommissioning of nuclear power plants to be carried out by specialist
companies from the private sector. On the other hand, the decommissioning of
research reactors and other installations of nuclear research facilities is often
performed with a significant involvement of the staff and resources of the
institution that originally operated the nuclear installation.

As decommissioning has gained focus nationally and internationally, the
industry has reorganised itself, by concentrating decommissioning activities, or
by the creation of industrial subsidiaries with specific decommissioning respon-
sibilities. The challenge that lies ahead is to establish a framework that will
account for growing nuclear activities in competitive, globalized markets, while
maintaining and assuring the safety of decommissioning for the public and for
workers.

3. DECOMMISSIONING STRATEGIES

It is under this umbrella of political guidance, applicable laws and
economic and safety considerations that owners and decommissioners must
choose a decommissioning strategy. The main issues are are to determine the
intermediate or end-points for decommissioning, the ways that decommis-
sioning is and will be funded, the waste storage and disposal routes. At the
same time, it is necessary to implementan efficient regulatory framework that
takes into account the specific safety aspects of decommissioning, as opposed
to those of a facility operation.

It is generally presumed that the eventual end-point of decommissioning
activities is the return of the site to a condition in which it can be released for
unrestricted use. Among OECD Nuclear Energy Agency (OECD/NEA)
member countries, however, there is a wide range of opinions and policies
concerning the most appropriate route and timescale for arriving at this
eventual end-point. These opinions and policies are influenced by national
positions, or lack of them, on such matters as the future use of nuclear power,
the continued availability of trained staff, societal issues associated with the
impact on neighbouring communities, possible alternative uses for the facility
and the site, e.g. for new nuclear installations, technical and regulatory issues,
arrangements for waste management, and economic issues associated with
costs and cash flow.
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Regarding the timing of decommissioning, the main advantages of
immediate decommissioning are seen to be in the availability of working
equipment and knowledge about the facility. On the other hand, considerable
economic and financial advantages may emerge when dismantling is delayed
for a few decades.

Depending on the strategy chosen, decommissioning may take a few
years or several decades. Each of these options entails specific problems in
decision making, e.g. with respect to the types of licence, the availability of
waste storage/disposal sites, public and private structural longevity/evolution,
etc. Strategies involving decade-long processes can impact such broad issues as
the sustainability of nuclear power, e.g. with respect to inter-generational
social, economic and environmental issues, or the preservation of the well-
being of local communities.

4.  COSTS AND FUNDING

The deregulation of electricity markets has raised new issues related to
the means for covering the expenses associated with decommissioning
activities. The cost of decommissioning, which has always been recognized and
integrated within the cost of nuclear electricity generation, becomes a more
important criterion in deregulated markets where competition calls for the
lowering of production costs. In this context, national policies and regulations
are being adapted or developed in ways that may affect decommissioning costs
and the manner in which they are included in the price charged to electricity
consumers.

From a governmental viewpoint, particularly in a deregulated market, it
is essential to ensure that money for the decommissioning of nuclear installa-
tions will be available at the time it is needed, and that no ‘stranded’ liabilities
are left to be financed by the taxpayers rather than by the electricity consumers.

It is recognized that provisions for funding decommissioning need to be
made during the operating lifetime of a facility and several approaches to
achieve this exist. However, each country must develop its own methodology
taking into account national regulations and practice and keeping the basic
ethical principles in mind. A conclusion from the work so far is that existing
funding systems in OECD/NEA member countries are in agreement with
widely-accepted ethical principles and, in particular, with the principle of not
imposing undue burdens on future generations.

Waste management costs are a significant element of the overall costs of
decommissioning and may dominate in some cases. Hence, it is important, not
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only that waste quantities be minimized, but also that the costs of waste
treatment, storage and disposal be separately identified and assigned.

The future challenges are to ensure that decommissioning costs are
calculated correctly and that sufficient funds will be available at the time when
they are required.

5. RELEASE OF MATERIALS AND SITES
AND WASTE MANAGEMENT

Once a facility reaches the end of its useful life, decommissioning usually
begins with the aim of releasing from the nuclear regulatory regime both the
facility, the associated materials and the site that the facility occupies.

Release of materials from regulatory control and the management and
disposal of radioactive waste are key elements in the satisfactory completion of
the decommissioning of nuclear facilities, and are the major contributors to its
overall decommissioning costs.

It is widely accepted that the route of removing regulatory controls
depends on various factors and may involve various stages and interim uses.
National policies differ on the detailed objectives to be achieved along the way.
Individual countries are influenced variously by such matters as national policy
on the future use of nuclear power.

Much of the waste produced during the decommissioning of nuclear
facilities is similar to that produced during their operational lifetimes, so a
major part of this new challenge is already shared with current activities. The
new element — a specific characteristic of decommissioning — is related to the
large amount of waste containing only small concentrations of radionuclides.
This requires that serious attention is given to the development of environmen-
tally sound but cost-effective means of disposing of these large amounts of
lightly contaminated materials, where this proves necessary. The management
of specific waste containing materials such as graphite, beryllium, sodium,
asbestos, etc., will also need further attention.

The release from radiological control of the sites of nuclear installations is
usually one of the last steps in the decommissioning phase of nuclear installa-
tions. If the site complies with the appropriate release criteria when a
reasonable set of possible future uses have been considered, the site should be
released for unrestricted use, which is the preferred option. If this is not
feasible, the site may still be released after remediation — but for restricted
use.

The free release of sites has been practised in only a limited number of
decommissioning projects, and the overall experience is much more limited
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than that with the release of materials and buildings, as most decommissioning
projects have not yet advanced to a state where release of the site has to be
considered, or because the sites are — or will be — reused for nuclear activities.

The release of sites is only a mature practice in those countries with a
number of completed decommissioning projects.

6. REGULATORY FRAMEWORK

Robust, efficient and independent regulation is vital for achieving public
confidence that the nuclear industry is operating to high safety, security and
environmental standards and that the risks associated with it are being properly
managed. Specific areas that need attention to enhance national readiness to
fully address decommissioning issues are legislative and regulatory
frameworks, including those for radiation protection, release of materials and
sites, waste management, and associated techniques and skills.

Consideration may need to be given to further improving the efficiency of
the regulatory regime and to adapting its operation to reflect the change in
hazard, in compliance with the principles of proportionality and trans-
parency.Since the public health risks posed by a shutdown facility are substan-
tially reduced from those of an operating facility, the regulatory inspection
programme should be tailored to address the new regulatory challenges. For
example, many of the challenges involve regulatory policy questions rather
than operator performance issues. Those regulatory bodies that utilise resident
inspectors at operating facilities may want to replace the resident inspector
with periodic team inspections focused on special areas.

As decommissioning progresses, there may be periods of only routine
activity on the site and the regulatory inspections can be scaled back accord-
ingly. If the operator chooses to place the facility in a safe storage mode for an
extended period, there will be a reduced need for inspections, although they
will continue to be needed to ensure that safety and security systems are not
degrading.

7. STAKEHOLDER ISSUES

It is widely accepted that openness and transparency are essential for
winning public approval of decommissioning plans. The challenge for the
future, therefore, will be satisfactory development of systems for consulting the
public — local communities in particular — and the creation of sources of
information in which the public can have full confidence.
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All decommissioning programmes are facing the challenge of developing
and implementing a true dialogue between stakeholders and involving the
different actors in the decision making process. The following three principles
have been found to be relevant for obtaining broad societal support: Decision-
making should be performed through iterative processes, providing the
flexibility to adapt to contextual changes; social learning should be facilitated;
and public involvement in decision making processes should be facilitated.

Societal challenges require important consideration taking into account
the risks involved during decommissioning. These challenges will play a role in
the decision processes and also in the selection of an adequate form of dialogue
between interested parties. Issues of local public concern during decommis-
sioning are partly the same and partly different from those of the preceding
phases. As in other phases of the life of a nuclear installation, the building of
trust between stakeholders is crucial from the point of view of conflict
management, and social lessons learnt from the siting and the development of
nuclear facilities are also widely applicable in the field of decommissioning.
While in the course of construction and operation, the main challenges include:
meeting expectations of a higher quality of life; accommodating a growing
population; mitigating construction nuisances; and assuring the safe operation
of the facility. The main concerns in the decommissioning phase are: the
decreasing employment rate; the eventual reduction of revenues for the local
municipality; the future use of the affected land and negative social impacts
(e.g. out-migration).

8. TECHNIQUES AND SKILLS

Techniques for decontaminating and dismantling nuclear facilities are
already available and have been successfully applied in the decommissioning of
many early facilities for development and demonstration of nuclear power.
This has provided a substantial body of experience on a wide range of complex
applications that is now being used on larger commercial facilities. It is
important to ensure that the accumulating experience from applying these
techniques to large plants is shared throughout the decommissioning
community and that lessons continue to be fed back into new facility designs
and decommissioning plans.

The need for totally new decommissioning techniques to be developed
through research and development seems to have decreased but there is still
room for innovation and improvement. Some areas to mention are:

— Decontamination and effluents management;
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— Use of robotics and remote handling techniques;

— Characterization and decontamination of very large quantities of
concrete;

— Detection of alpha emitters in concrete.

To solve some specific challenges of legacy management in an effective
and cost-efficient way, technologies proven in other areas need to be adapted,
and innovative solutions developed. Decommissioning is characterized by a
complex interface of civil engineering and radioactive materials management
which requires scientific, technical and engineering skills of the highest order.
While the nuclear industry has a healthy pool of skills related to the operation
of power stations, decommissioning is a new task. Should demand increase for
workers with skills that are valuable in both operational maintenance and
decommissioning activities, this workforce could become significantly stretched
towards its limits. This would require looking to other industries with
experience of handling hazardous materials.

There is also the possibility that formerly abandoned techniques
considered to be too expensive should be re-examined and evaluated for
applicability in a changing technological and economic environment.

9.  CONCLUSION

Decommissioning is now a mature and experienced industry which has
demonstrated its ability to decommission nuclear installations of various types
in a timely, efficient and safe manner. However, the experience has been gained
mostly on a case by case basis and new challenges for the industry will emerge
as full scale, modern commercial power reactors begin to reach the end of their
design lifetimes. The growing decommissioning industry will need compre-
hensive, purpose-built policy and regulatory frameworks that allow for flexible
solutions and optimization. The major issues that need to be addressed to build
such frameworks, also at the international level, can be identified today.
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Abstract

The paper provides information on the decommissioning activities supported and
performed by the European Commission (EC). The outcome and lessons learned from
EC programmes on extensive decommissioning research and development, on legal and
financial aspects and on decommissioning waste management are discussed. Although
decommissioning has reached industrial maturity, there is still the need to address
specific regulatory and environmental aspects, in order to ensure safe and efficient
decommissioning. The paper describes the steps taken towards achieving the overall
goal of a harmonized system of regulations and standards across the European Union
(EU) for the purpose of ensuring the safety of the public and the workforce and the
protection of the environment. The paper also addresses the specific assistance provided
to the new member states of the EU and to acceding countries, in the context of the
commitment of some of them to the early closure of nuclear installations, and in relation
to the associated social consequences.

1. INTRODUCTION

It is estimated by the World Nuclear Association that, worldwide, there
are over 90 commercial power reactors, 50 fuel cycle facilities, 100 mines and
more than 250 research facilities that have been retired from operation [1].
Many are currently being decommissioned while others have already been
successfully decommissioned. After several decades of the use of nuclear
energy, the decommissioning of aging or shut down nuclear installations has
become an established and growing industrial field. Considerable experience
has been gained, particularly in countries which were early users of nuclear
power, or where political decisions have resulted in early closure.

In the EU, 15 of the 25 Member States have nuclear power plants and 13
of them use nuclear energy for electric power generation. Overall, the
European nuclear installations are ageing. The number of power plants that are
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shutdown and undergoing decommissioning is steadily increasing (and this also
applies to research reactors and other nuclear fuel cycle installations). It is a
fair assumption that more than one third of the 166 reactors currently
operating in the enlarged EU will need to be shut down by 2025 — which
underlines the increasing importance of decommissioning in the years ahead.

The decommissioning of nuclear facilities and the management of their
waste involves environmental, technical, social and financial responsibilities. It
is not always clear who will bear these different responsibilities. Until now,
decommissioning projects have usually been regulated on a case-by-case basis.
To date, EU Member States have chosen markedly different decommissioning
strategies.

In view of the increasing number of plants to be decommissioned, the
exchange and analysis of experience in the field of decommissioning is of vital
importance. The costs at the end of the nuclear plant life cycle can lead to
undue financial burdens on the nuclear industry, and subsequently to price
increases to be paid by electricity consumers and it is clear that these costs must
be better managed. The development of common approaches based on a ’Code
of Conduct’ within the EU on the decommissioning of nuclear facilities would
result in improved protection of the population and of the environment and in
a more standardized technological approach resulting in, inter alia, a reduction
in the volume of waste produced. Harmonization of decommissioning practices
in EU Member States and the development of specific regulations covering
decommissioning should make regulatory decisions easier, more efficient and
transparent.

With this in mind, the different services of the European Commission
(EC) are studying the strategic and policy aspects of decommissioning in the
EU, focusing on the following issues, which will be discussed in more detail in
the following sections:

— Research and development and the technical approach to decommis-
sioning;

— Legal and financial aspects related to decommissioning;

— Decommissioning waste management.

2.  DECOMMISSIONING RELATED R&D ACTIVITIES IN THE EU

Since 1979, the EC has conducted four successive five-year research and
development programmes on the decommissioning of nuclear installations,
performed under cost sharing contracts with organizations from within the EU
[1, 2]. The main objective of these programmes is to establish a scientific and
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technological basis for the safe, socially acceptable and economically
affordable decommissioning of obsolete nuclear installations.

More than €60 million has been spent on the development of decontami-
nation and dismantling techniques for different kinds of nuclear installation, on
technologies for waste minimization, (e.g. melting of steel components), on the
development of decommissioning strategies and management tools and on the
development of remote handling systems for highly activated components.

In the early 1990s, four pilot decommissioning projects were chosen for
the purpose of comparing approaches to decommissioning:

— A fuel processing plant (AT1 at La Hague, France);

— A gas-cooled reactor (WAGR at Windscale, United Kingdom);
— A boiling water reactor (KRB-A at Gundremmingen, Germany);
— A pressurized water reactor (BR-3, Belgium).

A WWER type reactor (Greifswald in Germany) was later added to this
list of pilot decommissioning projects.

The various projects in Europe have resulted in a great deal of
information and experience being obtained. Key points include:

— Improvements to cost estimation methodologies — based on actual
experience;

— The development of tools and procedures for radiation dose minimi-
zation, reduction of generated waste and cost;

— Improved strategic assessment, particularly in relation to an improved
understanding of the significance of equipment deterioration and of the
loss of human experience in the case of delayed shutdown regimes;

— For LWRs, the presence of pools and water allows the highly active
components of the reactor to be dismantled easily and in a safer manner,
using water as a radiation shielding medium.

No significant reduction in the workforce radiation dose commitments
and in the amount of waste can be expected from deferring decommissioning
for about 30 years. A longer period is needed to obtain significant dose and
waste volume reductions.

The experience gained to date is available for future decommissioning
operations in a European database.

Since the pilot decommissioning projects (FP5), the supported activities
in decommissioning in the EU have clearly shifted from research on technology
to:
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— Dissemination of results from former research activities;
— Exchange of experience and provision of training;
— Development of decision-support and management tools.

Within the period of FP6 (2002-2006) the EC has decided to support the
creation of European Networks of Excellence and the creation of a Network
on Decommissioning [3] as an effective instrument for facilitating these
objectives.

After more than 25 years of EU R&D programmes on decommissioning,
the decommissioning process has reached industrial maturity and the time is
now ripe to review the regulatory and environment related issues.

3. LEGAL AND FINANCIAL ASPECTS
RELATED TO DECOMMISSIONING

3.1. Regulatory framework for decommissioning

The nuclear safety policy in the EU is to encourage a transparent and
harmonized system of regulations and standards across the EU with the aim of
providing assurance to the public at large. It enables all players to work
effectively towards the common objective of ensuring the safety of the public
and the workforce and the protection of the environment both now and in the
future. Decommissioning activities must be carried out in a safe and efficient
way, in compliance with national and international requirements.

However, there is no common set of rules in the EU for the decommis-
sioning of nuclear power plants. In fact, the only generally applicable legal
European requirement [3] that explicitly mentions the decommissioning of
nuclear installations is concerned with the need to perform an Environmental
Impact Assessment [4].

A draft Directive setting out basic obligations and general principles for
the safety of nuclear installations (one of the two Directives in the ‘nuclear
package’ of legislative proposals) represents a first attempt to include within
legislation important requirements affecting decommissioning funds. Although
the legislative proposals were amended and adopted by the EC in September
2004, the Directives have not yet been adopted by the Council of the EU.

3.2. Decommissioning funding

While the decommissioning of nuclear installations is an exclusive
national competence, the subject of national decommissioning funds has been
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discussed in the context of the Directive on the Common Rules for the Internal
Market of Electricity [6]. The European Parliament expressed its concerns
about the possible adverse effects of the misuse of financial resources
earmarked for the decommissioning of nuclear plants and for the management
of their waste. As a result, an inter-institutional statement made in July 2003 [7]
laid the way for Community action, highlighting the need for adequate
financial resources for decommissioning and waste management activities to be
available for the purpose for which they were established and to be managed
with full transparency. The availability of adequate financial resources by the
time a nuclear installation is permanently shut down remains the primary
concern when planning the decommissioning of nuclear installations. The
creation of the internal market has brought an increased need for transparency
and harmonization in the management of financial resources. In this context, it
is seen as essential to establish the optimum ways of ensuring that the financial
resources set aside for decommissioning will actually be available when needed
and that the resources are managed properly.

With this in mind, the EC has prepared a draft recommendation [§],
which aims to ensure the safe performance of decommissioning activities
without undue risk to the health and safety of workers and of the general public
(8]

During the preparation of the recommendation, the EC launched an
extensive consultation exercise on the ‘Analysis of the Factors Influencing the
Selection of Strategies for Decommissioning of Nuclear Installations’. This
exercise was welcomed by the EU Member States and, by assembling a
substantial amount of related information, has proved to be extremely useful.

The EC recommendation addresses all nuclear installations, with special
attention given to future nuclear constructions. While a segregated fund with
appropriate controls on its use is the preferred option for all nuclear installa-
tions, a clear recommendation to this effect is made for new nuclear installa-
tions. In this context, the EC will expect a report to be provided on
decommissioning funding aspects under the procedure provided for in Article
41 of the EURATOM Treaty for the construction of new nuclear installations.

The recommendation fully respects the principle in the field of nuclear
safety, the responsibility lies with the licence holder (‘polluter pays principle’),
under the supervision of the national regulatory body. Due to the specificities
of the nuclear industry, the effectiveness of traditional auditing methods can be
rather limited, especially concerning decommissioning cost estimates. The EC
proposes the establishment of national competent bodies, fully independent in
their decision making from the contributors to the decommissioning funds,
with a specific mandate and the capacity to deliver an expert judgment on
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decommissioning matters and, in particular, on fund management and decom-
missioning cost calculations.

As regards the estimation of decommissioning costs, in order to ensure
the availability of adequate financial resources whatever strategy is selected
prior to and beyond the final shutdown of the nuclear installation, the EC
recommends a prudent calculation of costs based on appropriate risk
management criteria and external supervision. In this context, the costs should
cover all aspects related to safe decommissioning, from the technical decom-
missioning of the installation (planning, decontamination, dismantling,
licensing, etc.) to the long term management of radioactive waste and spent
fuel. Furthermore, the cost calculations should be the best available estimates
of recurring expenses. Estimates — however accurate — remain estimates.
Consequently, the responsibility of the operator should not stop at collecting
adequate financial resources in line with the cost estimates. If, in practice, the
decommissioning project proves to be more expensive, the operator should
bear the real decommissioning costs in their entirety, even beyond the existing
cost estimates.

From a financial management point of view, financial resources are in
practice accumulated and managed for decades. Therefore, prudent use of the
funds should be ensured by seeking a secure risk profile in the investment of
the assets, ensuring a positive return over any given period of time.

The EC intends to establish the necessary framework for continued
consultation with EU Member States within the scope of the recommendation
[8]. In this light, the EC intends to set up a permanent group of experts from
the EU Member States. In particular, this group should assist the EC in its
proceedings concerning the reports submitted by the competent national body;
in the review of the proposed decommissioning funding regime through the
procedure provided for in Article 41 of the EURATOM Treaty; and in
providing advice within the scope of the recommendation based on the request
of the Member State concerned.

3.3. Decommissioning support activities

The European Community has over the last 15 years actively promoted
the application of high standards of safety at an international level. The
concern of the international community in relation to those Soviet-designed
nuclear power plants deemed not to be economically upgradeable to the
required level of safety is well known. However, it is recognized that the
decommissioning of such an inherited nuclear power plant may represent an
exceptional financial burden to a country, not necessarily commensurate with
its size and economic strength. In the context of the accession negotiations of
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Lithuania, Slovakia and Bulgaria to the EU, the early closure of Ignalina,
Bohunice and Kozloduy nuclear power plants have received special attention.
Consequently, the treaty of Accession of Lithuania, Slovakia [9] and subse-
quently that of Bulgaria [10] to the EU introduced specific provisions in the
context of the early closure of certain reactors. Lithuania committed to the
early closure of Units 1 and 2 of the Ignalina nuclear power plant; Slovakia , for
its part, has committed to the early closure of Bohunice V1 (Units 1 and 2);
Bulgaria, having already closed, in line with its commitments, Units 1 and 2 of
the Kozloduy nuclear power plant, agreed to the early closure of Units 3 and 4.

The EC has committed to provide these states with significant financial
assistance in support of their efforts to decommission the respective nuclear
power plants and to address the consequences of the early closure and decom-
missioning. EU assistance is not only foreseen for decommissioning of the
reactors but also in relation to issues of security of supply (replacement
capacity) and the maintenance of an adequate safety culture through the
maintenance of morale and retraining at the plant. The amounts fixed for this
assistance (see below) are not based on a specific proportion of the estimated
costs, but recognise the extraordinary burden placed on the new EU Member
States by the shutdown commitment, and are an expression of solidarity
between the EU and the Member State.

The assistance is delivered by three International Decommissioning
Support Funds (IDSFs), established for projects relating to decommissioning,
security of energy supply and energy efficiency (e.g. through the reduction of
the energy production capacity of the country) which are direct consequences
of early closure. The three IDSFs for Ignalina, Bohunice and Kozloduy (ITDSF,
BIDSF and KIDSF), to which the EU is the major contributor, are managed by
the European Bank for Reconstruction and Development (EBRD) under the
control of an Assembly of Contributors which is chaired by the EC as the
largest contributor.

An alternative mechanism for direct assistance, the ‘Programmed
Instrument’, to the beneficiary country is also available, though now it is only
used in Lithuania with up to 20% of the annual allocation being provided
through this route. This direct assistance to Lithuania addresses safety culture,
maintenance and social-related issues, as well as those decommissioning
projects which the Lithuanian authorities feel able to manage without external
support.

The EC is responsible for the technical evaluation and monitoring of the
implementation of the assistance programmes. The assistance has involved the
provision (to the three countries concerned) of a total in excess of €1200
million for the period 1999-2006, while for the period 2007-2013, a total of
€1488 million is envisaged.
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At present, EU decommissioning support to Lithuania is more advanced,
than that provided to Slovakia and Bulgaria. This is mainly due to the fact that
Lithuania had already closed down its Ignalina Unitl by the end of 2004 and
that the preparation phase for decommissioning is now at an advanced stage.
Concerning the financial support to Lithuania, the share of the direct assistance
has continuously increased up to the above mentioned 20%. For reasons of
national policy and practical expediency, not least being the decision to use the
workforce of the plant to perform the dismantling, it is likely that the direct
assistance via the Programmed Instrument will expand in the coming years.
Recently, Slovakia has also applied for such a direct assistance, complementary
to the IDSF. On a more technical level, it appeared helpful to establish contacts
and good communications between the decommissioning services of the
different plants in order to promote the exchange of respective views and
experiences on practices in the field of decommissioning. At the suggestion of
the EC, a first workshop was organized in Lithuania at the Ignalina nuclear
power plant with participants from decommissioning services from the nuclear
power plants in Slovakia, Bulgaria, Ukraine and personnel from the different
regulatory bodies. The mitigation of the social consequences is a long and
delicate process, in particular with respect to the workers at the plant. Some of
the workers still find it difficult to understand the reasons and the necessity for
the early closure of their installation. Nevertheless, it is important to keep the
staff motivated and to maintain the safety culture at the plant to ensure safe
decommissioning, in particular, in the transition phase where there is still an
operating unit on the site.

4. DECOMMISSIONING WASTE MANAGEMENT

In the final dismantling of a nuclear installation, the environmental
restoration strategy is of great concern to the public. The public is often
concerned about what will happen to the management of radioactive waste and
about any potential long term duration of decommissioning activities. In
addition, there is concern about leaving burdens for future generations. Even if
the existing decommissioning regulations and procedures protect workers and
the general public, those involved or affected still need to be informed of the
preventive measures taken. Decommissioning operations and the related
strategy decisions should be undertaken with transparency, the involvement of
the public and workers to their concerns.

In September 2004, the EC amended a proposal for two Council
directives [11], addressing respectively the safety of nuclear facilities, and spent
fuel and radioactive waste management. The latter obliges each Member State
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to adopt a programme for ultimate nuclear waste management, including an
implementation schedule. In spite of the support of the European Parliament,
and the subsequent backing of European citizens, this proposal has not yet
been adopted and is still under discussion. Nevertheless, the EC has continu-
ously upheld its position, confirming the need for the implementation of safe
solutions for radioactive waste at the national level. In line with this position,
the EC has provided assistance to new EU Member States and Acceding
Countries for the establishment of national agencies (e.g. the ‘State Enterprise
for Radioactive Waste’, SERAW in Bulgaria) and continues to contribute in a
very concrete way to the funding of nuclear waste repositories or storage
facilities. In the context of the decommissioning of the Ignalina nuclear power
plant the Commission is providing financial support for the engineering of an
Intermediate Storage Facility for Spent Fuel, a Solid Waste Management
Storage Facility and a Near Surface Repository.

The concept of waste minimization is part of an efficient waste
management strategy for successful decommissioning. The amount of waste
can be reduced through a period of safe enclosure as a result of the decay of the
radionuclides, the existence and operation of waste treatment facilities for
volume reduction, and through the procedures of decontamination, melting,
incineration, compaction, clearance, recycle, and reuse.

Directly linked to the concept of waste minimization is the concept of
clearance. The amount of waste materials that will be produced depends
directly on the level at which the clearance level is set for removing materials
from regulatory control.

Following the EURATOM Council Directive 96/29 of May 13, 1996, the
principle of clearance has been successfully used in several EU countries, most
notably in Germany and Spain, and to a more limited extent in other countries,
such as, Belgium and the United Kingdom. Nevertheless, in the absence of an
EC approach for harmonized implementation, the remaining inconsistencies
cause some difficulty for international trade, or for trans-boundary shipment.
These important issues require further discussion within the international
nuclear community.

5. CONCLUSIONS

The EC recognized, at an early stage, the need for research and
development and the demonstration of effective and safe approaches for the
decommissioning of nuclear installations at the end of their operational
lifetimes. These efforts have contributed significantly to the capability of the
European nuclear industry to manage successfully the final stage of its
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installations and it is probably one of the few industries that has been able to
demonstrate this.

The decommissioning of nuclear installations is challenging on different
levels. It is a political challenge, in particular in countries that are planning the
construction of new nuclear power plants. The proof that the decommissioning
of nuclear facilities is feasible is essential for public acceptance. It is an environ-
mental challenge because the management of decommissioning waste must be
shown not to present burdens for future generations. It is also an economic
challenge and cost efficient decommissioning is required in order to limit the
impact on the price of electricity.

With respect to the above mentioned challenges, the lessons learned can
be summarised in the following general statements:

— The nuclear industry is responsible for the nuclear facility up to the end of
its lifetime taking all the related financial burdens into account;

—In order to assure the timely availability of the required financial
resources, the estimation of the decommissioning costs should be done in
a prudent way, based on appropriate risk management and external
supervision;

— Special attention to decommissioning considerations should be paid when
planning future nuclear constructions;

— Good communication between the different actors involved in decom-
missioning helps to develop optimal technical solutions and to identify
efficient best practices;

— Particular attention has to be paid to the management of decommis-
sioning waste, in particular with respect to cross-border shipment of
cleared waste.

Many lessons have been learned from the extensive activities in the field
of decommissioning. To make the step from the learning process to future
efficient applications, a harmonized regulatory framework is required. This will
help to ensure the safe performance of decommissioning activities without
undue risk to the health and safety of workers and general public.
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DISCUSSION

A.M. XAVIER (Brazil): You referred to an ‘external body’. Could you

say something about its role?

U. BLOHM-HIEBER (European Commission): We would like the

management of decommissioning funds to be assessed by external bodies that
are independent of the operators. Such bodies should have not only financial
competence but also access to technical competence, in order to judge the
adequacy of the funding.

A.M. XAVIER (Brazil): Just the funding — not the safety?
U. BLOHM-HIEBER (European Commission): Of course, safety has to

be taken into account. Our recommendation is based on the EURATOM
Treaty, which gives primacy to safety.

63



BLOHM-HIEBER et al.

Only when you have satisfied yourself regarding safety can you talk about
competition. Initially, competition was the main concern in the European
Parliament, but we said that one should first place emphasis on safety and
determine what financial resources are necessary for safe decommissioning.

A.J. GONZALEZ (Argentina): I should like to comment on two issues
arising out of the presentations of Mr. Riotte and Ms. Blohm-Hieber.

The first issue is the idea of a code of conduct for decommissioning. In
this connection, I would mention that concern was expressed at a recent
meeting of the IAEA’s Commission on Safety Standards regarding the prolifer-
ation of codes of conduct in the safety area. The reason for the proliferation of
such codes of conduct is that States are reluctant to enter into legally binding
undertakings in the safety area, preferring what one might call ‘soft law’.

If the European Commission considers the Joint Convention to be
inadequate as far as decommissioning is concerned, it could propose an
expansion of that convention or perhaps the adoption of a separate convention
on the safe decommissioning of nuclear facilities.

If States want ‘soft law’, I would recall that in September the IAEA’s
Board of Governors established IAEA Safety Requirements on the ‘Decom-
missioning of Nuclear Facilities Using Radioactive Material’.

The second issue relates to clearance levels. The presentations of Mr.
Riotte and Ms. Blohm-Hieber created the impression that there is no interna-
tional consensus on clearance levels, whereas in fact such a consensus exists. In
2004, the IAEA’s Board of Governors approved the use of radiological criteria
for radionuclides in commodities, as outlined in IAEA General Conference
document GC(48)/8, in the application of the International Basic Safety
Standards for Protection against Ionizing Radiation and for the Safety of
Radiation Sources (the BSS) — and the IAEA General Conference welcomed
that fact (see para. 23 of General Conference resolution GC(48)/RES/10.A).
Those radiological criteria are clearance levels.

From discussions relating to Article 37 of the EURATOM Treaty, I have
the impression that a few EU countries have concerns about the application of
the clearance levels. Such concerns should not be allowed to jeopardize the
international consensus on clearance levels — that would be destroying a house
that took a lot of time and effort to build.

U. BLOHM-HIEBER (European Commission): I agree that there is an
international consensus on clearance levels, but when it comes to implemen-
tation there are different interpretations.

As regards the code of conduct issue, we thought that a code of conduct
would be useful. We take into account whatever the IAEA does, but one can
always refine and do more. When the time is ripe, we may go beyond this idea
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and come up with a recommendation based on a deeper insight. So I attach a
question mark to the idea of a code of conduct.

The TAEA, with its larger family of Member States, should feel free to
follow up, in their interest, on anything we do within the European Union.
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Abstract

The paper contains the World Nuclear Association’s Position Statement on the
nuclear industry’s perspective and policy on the decommissioning of civil nuclear
industry sites. It emphasizes that the restoration of a nuclear site to the full extent prac-
ticable for its reuse is fundamental to the sustainable use of resources and is the nuclear
industry’s guiding goal in decommissioning. Furthermore, it notes that the local public
supports the reuse of sites because it will provide opportunities for workforce redeploy-
ment and local redevelopment.

1. INTRODUCTION

This paper presents the World Nuclear Association’s (WNA’s) Position
Statement on the nuclear industry’s perspective and policy on the important
subject of decommissioning of civil nuclear industry sites.

Inevitably, each country and each company adopts a decommissioning
strategy appropriate both to the type of site to be decommissioned and also to
a specific national, local and technical context. Despite such diversity, this
statement reflects an industry consensus that there is a common dedication to
sound practices throughout the global nuclear industry and that this continues
to enhance an already robust record of safe and affordable decommissioning of
all types of civil nuclear industry sites, from uranium mines to nuclear power
reactors.

This paper focuses solely on modern civil programmes that contribute to
nuclear electricity generation. It does not deal with the sites at which military
or early civil nuclear programmes were conducted. These sites fall into the
category of ‘legacy activities’, which are generally accepted as being the respon-
sibility of national governments. Nevertheless, it is noted that the decommis-
sioning of legacy activities has also been conducted safely, and the experience
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gained in that work has enhanced the process of successful decommissioning of
modern civil nuclear industry sites.

2. ESSENTIAL MESSAGES

Decommissioning is a normal and necessary post-operational phase. It is
defined as all steps leading to the release of a nuclear site — including facilities,
land, buildings and equipment — from regulatory control. These steps include
the processes of decontamination and dismantling. The nuclear owner/operator
is responsible for all aspects of a site’s decommissioning.

The two main objectives of decommissioning are to render the site
permanently safe and to restore it, as far as practicable, for reuse. In pursuit of
this outcome, no significant health risk may be borne by people nor may any
danger be posed to the environment. After proper decommissioning, the
degree of control of a site can be reduced or even terminated without cause for
concern. The nuclear industry is fully committed to the twin objectives of
decommissioning: safety and restoration for reuse.

There is now a wealth of industry experience in decommissioning.
Worldwide, over 100 mines, 90 power reactors, 250 research facilities and many
other fuel cycle facilities have been, or are being, successfully decommissioned.
Throughout the nuclear industry, this experience has been widely shared
through exchange mechanisms organized by such international organizations
as the International Atomic Energy Agency (IAEA), the OECD Nuclear
Energy Agency (OECD/NEA) and the WNA. Such information exchange
helps practitioners benefit from the lessons learned by others and to adapt and
improve known approaches and techniques. Meanwhile, there has been a
steady growth in the appreciation by the public that nuclear sites are being
operated safely and with due care for the protection of people and the
environment. This confidence is a natural consequence of the comprehensive
health, safety and environmental programmes that conform with national
regulations. The nuclear industry recognizes that such regulatory standards are
indispensable for the successful operation of all phases of civil nuclear activity,
including decommissioning.

Sites undergoing decommissioning are intrinsically safer than sites in
operation. This is because the high level radiation sources that can pose a
significant hazard are, along with radioactive equipment and materials, either
removed or secured as decommissioning proceeds. Despite the overall
decrease in radiation risk as compared with the operational phase, strict
attention needs to be paid to radiation safety during decontamination and
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dismantling activities. These activities must also be conducted carefully in
terms of conventional industrial safety.

The shift from productive operations to decommissioning activities
requires transitional planning. Once decommissioning begins, decontamination
and dismantling become the primary activities as the site is rendered
permanently safe and restored for reuse. This transformation of purpose
inevitably leads to significant organizational and cultural changes. Planning is
essential to help the workforce prepare for these changes, which potentially
involve redeployment or reemployment. As operations move into full scale
decommissioning, the requirement for different skills leads inevitably to a shift
in workforce composition, usually involving specialized contractors. As
established decommissioning practice, the nuclear industry recognizes and
fulfils its responsibilities to those who have been employed at the facility being
closed.

The restoration of sites for reuse is consistent with the principle of
sustainability and is a fundamental industry goal. The first benchmarks of
successful decommissioning are: the safety and protection of the workforce, the
public and the environment; and the restoration of the site, as far as practicable.
The industry’s even broader aim is to achieve site reuse wherever possible. A
sequence that begins with safe and clean operations, passes through safe
decommissioning, and culminates in effective site reuse, represents the fullest
possible application of the principle of sustainability.

Fundamental environmental principles — Reduce, Recover, Recycle and
Reuse (the ‘Four Rs’) — are integral to successful decommissioning. Applying
these principles means minimizing radioactive contamination and recovering,
recycling and reusing materials, equipment, and even waste to the fullest
practicable extent. Disposal is used only as a last resort. Typically, over 90% of
the volume of waste generated during the decommissioning of a nuclear facility
has little or no radioactivity associated with it, and most of the remainder
contains only very low levels of radioactive material. Thus, only a small
percentage of waste material must be dealt with as low- or intermediate level
radioactive waste.

In developing sound end uses for the vast majority of the materials and
waste that arise from site decommissioning, the nuclear industry acts in
accordance with internationally agreed rules and procedures. These in turn are
consistent with the standards governing trade in materials and goods between
countries. The WNA Statement on ‘Removal from Regulatory Control of
Material Containing Radioactivity — Exemption and Clearance’ (see
www.world-nuclear.org) advocates that national authorities encourage even
greater convergence toward a common set of internationally recognized rules;
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it argues against any attempts to move away from uniformity of standards and
procedure.

Equally as important as the reuse of materials and waste is the reuse of
land, water bodies and buildings after site decommissioning. The fact that
nuclear facilities usually represent only a small percentage of a site’s overall
area, means that much of the site can easily be restored and reused. Such reuse
often ranks high in public expectations.

Applying the ‘Four Rs’ represents not only sound environmental practice
but also creates opportunities for workforce re-deployment and local redevel-
opment. In commercial terms, the optimal reuse of a successfully decommis-
sioned nuclear site may well be to build a new nuclear facility there. This option
may also be optimal in a broader socio-economic sense — because the nuclear
facility would utilize local skills already present in the area and because nuclear
sites usually enjoy long-standing local public support. As public appreciation of
nuclear energy continues to grow, the expectation of site reuse for further
nuclear operations may well become the norm.

Decommissioning requires a sound infrastructure for the management of
waste and materials. While the overall volume of waste is relatively small —
and the nuclear industry’s aim is to minimize this volume - it is essential to
successful decommissioning that governments and industry have acted to
ensure that sufficient storage and disposal capacity for low or intermediate
level nuclear waste is in place. In most countries with major nuclear
programmes, storage and disposal facilities of this kind are now operational.
The WNA Position Statement on ‘Safe Management of Used Nuclear Fuel and
Nuclear Waste’ addresses this topic (see www.world-nuclear.org). Decommis-
sioning situations involving spent nuclear fuel and other high radiation sources
may require interim storage capacity if a suitable disposal site — such as a deep
geological repository — is not yet available.

In the decommissioning process, the owner/operator is faced with many
compliance steps and milestones. These steps begin with the submission of a
decommissioning plan and an application for a decommissioning licence.
Regulations apply throughout decommissioning and thereafter, and the owner/
operator maintains control after decommissioning until all regulatory require-
ments are satisfied. At this final stage, authorities can decide to partially or
fully discharge the owner/operator from responsibilities and liabilities for the
decommissioned site. In the decommissioning process, it is standard practice
for the owner/operator to use a quality based management system.

While the overall cost of decommissioning is significant, it is not
prohibitive or even dominant compared to the lifetime value of a nuclear
facility’s output. This cost is normally planned for at an early stage and is
recognized as a basic responsibility of the owner/operator. Normal industry
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practice is to accumulate a decommissioning fund during the lifetime of a
facility. Because decommissioning costs are relatively small, the financial
resources necessary for decommissioning can be accumulated through a very
modest incremental addition to the price of electricity from nuclear power
plants or to the supply of nuclear fuel cycle services. Accruing resources
sufficient to achieve sound decommissioning is a recognized responsibility of
the site owner/operator. The systematic nature and affordability of financing
for decommissioning modern civil nuclear facilities should not be confused
with the entirely different situation of managing legacy activities. These involve
sites from military or early civil nuclear facilities and decommissioning tends to
be expensive and complicated.

Building pubic confidence and trust is essential for decommissioning
programmes and requires interaction with stakeholders and the transparent
presentation of any environmental and socio-economic impacts associated with
the decommissioning. The process of obtaining relevant authorizations for
decommissioning a nuclear site requires the owner/operator to engage stake-
holders in an interactive dialogue. This engagement is not only a necessary
hurdle but can be valuable in building community understanding and cooper-
ation. In this process, each side has something to offer. The nuclear industry can
build clearer public awareness of the environmental dimensions of decommis-
sioning, while stakeholders can help the owner/operator assess the socioeco-
nomic impact of decommissioning. Properly conducted, this dialogue can
contribute to producing a plan for site reuse and for local reemployment and
development that enjoys strong public support.

3. DECOMMISSIONING — A NORMAL AND NECESSARY PHASE
AFTER THE SAFE SHUTDOWN OF OPERATIONS

Decommissioning is a necessary post-operation phase that marks the end
of a site’s original use. It also marks the beginning of an important new phase in
which the site is rendered permanently safe and restored, to the full extent
practicable, for reuse.

A site may be permanently shut down for several reasons. Among the
factors are normal ageing/degradation; heavy refurbishment needs; and
substantial changes in technologies, regulatory requirements, and markets. In
the case of uranium mining sites, the cessation of a site’s use often corresponds
to the depletion of viable uranium ore deposits.

The TAEA defines decommissioning as “all steps leading to the release of
a nuclear facility, other than a disposal facility, from regulatory control. These
steps include the processes of decontamination and dismantling.” It defines a
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nuclear facility as “a civilian facility and its associated land, buildings and
equipment in which radioactive material is produced, processed, used, handled
or stored on such a scale that consideration of safety is required.”

Decommissioning commences with the removal or securing of both high
radiation sources that can represent a significant hazard and also radioactive
process materials. Such sources include spent nuclear fuel in nuclear power
plants (NPPs), radioactive process materials in nuclear fuel cycle facilities and
nuclear power plants, and sealed radioactive sources of various uses (e.g. for
monitoring and calibration).

4.  OVERALL GOAL OF DECOMMISSIONING
AND ITS KEY ROLE IN SUSTAINABILITY

During a site’s restoration for safe reuse, no significant health risk may be
borne by people nor may any danger be posed to the environment. After
successful decommissioning, site control can be substantially relaxed — or, in
some cases, safely ended altogether.

The nuclear industry is committed to the twin objectives of decommis-
sioning: safety and restoration. These characteristics underscore the industry’s
intrinsic sustainability.

Reuse can apply to various parts of the site, including land, water bodies,
buildings, equipment, materials and even waste. The nuclear industry and
regulators share a responsibility to develop and implement strategies for safe
and effective reuse of these valuable resources. Reuse opens important oppor-
tunities for workforce redeployment and local redevelopment. The nuclear
industry accepts the obligation to pursue these goals as a high socioeconomic
priority.

In summary, the concept of decommissioning entails:

— Rendering a site permanently safe after the conclusion of plant
operations;

— Restoring the site for reuse, while maximizing the reuse of all on-site
resources, including waste;

— Realizing opportunities for workforce redeployment and local
redevelopment.

72



SESSION 1

5. NUCLEAR INDUSTRY EXPERIENCE IN DECOMMISSIONING

The global nuclear industry has developed a wealth of experience in
decommissioning. Decommissioning has been successfully accomplished at a
variety of nuclear sites, from research facilities to large-scale industrial plants.

As mentioned earlier, worldwide, over 100 mines, 90 power reactors,
250 research facilities and many fuel cycle facilities have been safely retired
from operations. Of these, many have been, or are currently being, successfully
decommissioned. Much experience has been gained too from smaller-scale
decommissioning projects carried out in parallel with normal operations at all
types of nuclear facilities.

This professional experience has been widely shared among nuclear
practitioners worldwide through conferences, seminars and workshops. These
meetings continue to be held under the auspices of international organizations
such as the IAEA, the OECD/NEA and the WNA.

Accumulated and shared experience in decommissioning constitutes a
knowledge bank of tested techniques, proven standards, and best practices.
This knowledge provides a strong foundation for an industry professionalism
that helps to build trust among stakeholders in the decommissioning process.

Experience at each facility is also important when the time for decommis-
sioning arrives. Many of the good practices that are essential for safe operations
and public confidence during the production phase of a nuclear facility are also
a prerequisite for efficient decommissioning. These include complete record
keeping on operations, materials, and maintenance; preservation of drawings of
facility design and modifications; thorough surveys of contamination and
prompt decontamination; and meticulous accounts of any leakages and spills.

6. DECOMMISSIONING APPROACHES

The many types of nuclear sites and facilities and the great diversity of
national, local and technical contexts have resulted in a variety of approaches
to decommissioning.

For facilities at the front end of the nuclear fuel cycle (e.g. conversion,
enrichment and fuel manufacturing facilities), the challenges arise from
naturally occurring radioactivity and chemical hazards. For sites at the back
end (e.g. reprocessing facilities), the risks are increased by the presence of high
level sources containing artificial radionuclides. At all of these sites, decommis-
sioning begins with the removal or securing of high level sources, equipment
and materials that can represent a significant hazard. Facilities are then
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decontaminated by thorough rinsing and cleaning, and finally dismantled. In
the process, contaminated materials and waste are sorted and removed.

At nuclear power plants the initial phase — removal of used nuclear fuel,
decontamination and sealing — is followed by a deactivation period. This delay
facilitates subsequent steps when high level radioactive materials in certain
process equipment will have decayed significantly. Within the industry, there is
debate as to whether this deactivation period is necessary. Some organizations
prefer to proceed to the decommissioning process soon after the cessation of
power generation, while others prefer postponement while radioactive decay
reduces radiation levels and thereby facilitates decontamination and
dismantling activities. In the latter procedure, the facility is placed under
surveillance during the interim phase with the highest radiation locations
sealed and monitored. A third approach, used in the USA for NPPs, consists of
sealing and placing the facility under surveillance for a longer period of time to
allow the radiation levels to be reduced to a level low enough to permit
termination of the site licence. Among these NPP decommissioning options,
the choice depends on specific circumstances; particularly the site’s planned
end use and the destination of the spent nuclear fuel.

At uranium mines, the decommissioning of mills poses challenges similar
to those at other front-end facilities. Due to their large volumes and low radio-
activity levels, uranium tailings that result from conventional (mechanical)
mining usually remain on site. Decommissioning work includes improving the
long term containment of tailings basins; placing a cover on top of tailings to
reduce both water infiltration and the emission of radon gas; and collecting,
treating and monitoring water discharges from tailings basins and mines. For
mining operations using in situ leaching, the decommissioning process centres
on the recovery of injection well pipes and process waste, and on the
restoration of underground water quality through treatment and monitoring.

For both NPPs and nuclear fuel cycle facilities, the final decommissioning
steps are the restoration of the site’s landscape and long term monitoring and
institutional control. Restoration work for an NPP involves a relatively small
area as compared with a uranium mine, where a much wider area has been
disturbed.

All decommissioning approaches employ flexibility and adaptability in
pursuing the essential objectives of safety and restoration.

7.  DECOMMISSIONING TECHNIQUES

Decommissioning work employs a myriad of proven techniques and
technologies. These include:
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— Measuring and monitoring techniques, which have become steadily more
sophisticated over the years;

— Decontamination by applying chemical, mechanical, electrical or a
mixture of processes to metal, concrete and other materials;

— Dismantling — for example, by mechanical or thermal cutting;

— Remotely controlled manipulators and robots;

— Treatment and conditioning of wastes and effluents.

Some of the techniques and technologies employed by the nuclear
industry are used in decommissioning conventional industrial facilities. Each
technique and technology involves a variety of available tools and equipment.
The decision of which to employ will always take into account safety and the
goal of minimizing any additional generation of waste.

8. PROTECTING PEOPLE AND THE ENVIRONMENT

The public has come increasingly to appreciate that nuclear sites operate
safely with due care for the protection of people and the environment. This
confidence derives, in part, from rigorous industry adherence to the standards
embodied in health, safety and environmental protection programmes.

Such standards continue to apply during decommissioning. When decom-
missioning begins — and high-level radiation sources and radioactive process
materials are removed or secured — a site becomes intrinsically safer for both
people and the environment. Nonetheless, health, safety and environmental
standards continue to be observed as the owner/operator pursues two aims:

— Maintaining a high level of safety and protection during decommis-
sioning;

— Achieving a permanently high level of safety and protection after
decommissioning.

Decommissioning activities differ markedly from the previous operation
of a facility. A fundamental difference is that decontamination and dismantling
require closer contact with contaminated equipment, materials and wastes.
Inevitably, the new tasks represent a significant change in the workplace, often
requiring new workers with different skills and experience. Even then, specific
training may be needed for the decommissioning workforce to acquire the
skills necessary for rendering a particular site permanently safe and restoring it
for reuse.
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Throughout a site’s decommissioning, public authorities monitor the
owner/operator’s compliance with health, safety and environmental protection
requirements. Once decommissioning is completed, acceptance must be
obtained from key stakeholders — including local authorities and the general
public — that these requirements have been fully met. This acceptance is a
prerequisite to gaining official agreement that control over the site can be
safely reduced or ended.

9. SITE REUSE — FUNDAMENTAL TO THE
SUSTAINABLE USE OF RESOURCES

While the initial benchmark of sound decommissioning is the application
of rigorous standards of health, safety and environmental protection, the
ultimate aim is to restore the site for reuse to the fullest extent practicable.

Buildings, equipment and materials that are highly contaminated will
generally need to be decontaminated and dismantled, and in some cases
disposed of after treatment and conditioning. But land, water bodies and many
buildings that emerge from successful decommissioning will be available for
reuse. Moreover, some 90% of the waste volume generated during decommis-
sioning is, for practical purposes, uncontaminated and may easily lend itself to
recycling.

Public expectations attach high value to site reuse because of the
potential for workforce re-deployment and local redevelopment. Commer-
cially, the best reuse of a successfully decommissioned site may well be the
construction of a new nuclear facility in its place; and this option may also be
congruent with national needs and local aspirations. From a national
perspective in many countries, nuclear power is gaining increasing policy
support as a reliable source of affordable and cleanly generated electricity.
From a local perspective, the replacement option draws upon skilled labour
already available and is therefore likely to enjoy local public acceptance that is
common to communities familiar with nuclear power.

Uniformity in regulatory standards facilitates predictability, planning, and
efficiency in all areas of nuclear industry practice, including the decommis-
sioning process. There is thus an increasing effort internationally to develop
agreed universal standards that will lend consistency and coherence to national
regulatory regimes. Recently, the IAEA adopted international standards on
the removal from regulatory control of materials containing trace levels of
radioactivity; these standards were particularly designed to govern the use or
disposal of bulk quantities of such materials as may occur during decommis-
sioning. These standards — and similar IAEA standards for land and water
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bodies at decommissioned sites — are milestones in regularizing the process of
achieving safe and efficient reuse of decommissioned nuclear facilities.

10. DECOMMISSIONING WASTE MANAGEMENT

The concept of decommissioning suggests an enormous task of decontam-
ination, requiring the dismantling or destruction of many buildings and much
equipment and requiring the disposal of a correspondingly large volume of
radioactive waste. In fact, over 90% of the total volume of waste generated
during decommissioning is non-radioactive and uncontaminated, and most of
the remainder contains only a very low level of radioactive material. Thus, only
a small percentage of the overall waste generated during decommissioning
requires treatment, conditioning and disposal because of its radioactive
content.

Because some waste will be generated, decommissioning requires a sound
infrastructure and system for waste management. Only with such a system can
the owner/operator plan a sequence of activities by which waste and other
materials are optimally managed, taking into account costs, risks and benefits.
These activities include pre-sorting and collection; control, characterization
and sorting; pre-treatment and pre-conditioning; treatment and conditioning;
handling; storage and disposal. Sorting is especially important; as costs can be
reduced by proper separation of waste types (depend on waste and material
concentrations, quantities, forms and types and on the resulting destinations for
storage and disposal).

For much of the waste and material, disposal routes have been estab-
lished, though more can still be done to develop these routes and enhance
efficiencies. For the lower volumes of intermediate level waste, the common
practice is disposal or storage, as an interim measure. For very low level
radioactive material and waste, countries currently vary in practices for
exemption and clearance, with some countries permitting unrestricted
recycling and reuse. As in other aspects of regulatory practice, this area will
benefit from the application of harmonized international standards.

11. OWNER/OPERATOR RESPONSIBILITIES

The owner/operator’s responsibility for all aspects of a nuclear facility
continues through every phase of the site’s decommissioning. Having
submitted a decommissioning plan and obtained a decommissioning licence,
the owner/operator must complete decommissioning in compliance with all
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licence requirements and other applicable regulatory requirements. Even when
decommissioning work is satisfactorily completed, the owner/operator remains
responsible for the site until formally discharged of this obligation by the
relevant authorities.

In meeting these responsibilities, owner/operators customarily use a
quality-based management system in all phases of decommissioning. Such
systems use the well established ‘PDCC’ steps of professional management —
Plan, Do, Check, Correct — to meet all regulatory requirements at every stage
of decommissioning.

12. A COMPREHENSIVE REGULATORY FRAMEWORK

In all countries, decommissioning is subject to a comprehensive
regulatory framework. The initial step — the owner/operator’s submission for a
licence — usually triggers a sequence of evaluations and peer reviews to
establish clearly what steps will be necessary to comply with the standards and
requirements of the relevant authorities. In this process, it is standard practice
for the owner/operator to prepare a well-documented supporting case and for
the relevant authorities to convene public hearings to facilitate the presen-
tation of all stakeholder views. This interaction will sometimes produce an
amendment in the decommissioning plan and the licence application.

Once a licence has been issued, regulatory oversight continues until the
decommissioning process has reached the stage of long-term monitoring and
institutional control. At this final stage, authorities can decide to discharge the
owner/operator, fully or partially, from further responsibility and liability for
the decommissioned site.

13.  FUNDING OF DECOMMISSIONING

The overall cost for decommissioning is significant, although low in
comparison with the lifetime productive output of the facility being closed.
Financing for this cost is customarily planned at an early stage of the facility’s
life and is recognized as a responsibility of the site owner/operator. Common
industry practice is to accumulate a decommissioning fund during the life of a
facility by integrating an incremental cost into the price of electricity from
nuclear power plants and of the services rendered by fuel cycle facilities. The
systematic accumulation and affordability of decommissioning costs for
modern civil nuclear facilities is not to be confused with the management of
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legacy activities — involving military and early civil nuclear facilities — which
tend to be expensive and complicated.

Nowadays, for all nuclear facilities, standard international practice
includes the preparation of a decommissioning plan at an early stage, often
even before the start-up of operations. During a facility’s operational life, this
plan is regularly updated.

The means by which an owner/operator fulfils the responsibility of
accumulating decommissioning funds varies according to national policy. The
owner/operator can either: contribute into an external fund controlled by
authorities; or make allocations within organizational accounts in compliance
with generally accepted accounting principles under the oversight of
independent auditors or authorities.

14.  ENVIRONMENTAL AND SOCIOECONOMIC IMPACT
AND STAKEHOLDER INVOLVEMENT

In many countries, before the formal application for a decommissioning
licence, a preliminary process occurs aimed at assessing the environmental and
socio-economic impact of the decommissioning project. The result is called an
Environmental Impact Statement (EIS). Generally, this process includes public
hearings where stakeholders have ample opportunity to influence the conduct
of a decommissioning project.

In anticipation of this formal process, the owner/operator often takes the
initiative by seeking stakeholder input from the outset of planning. This is
efficient from the owner/operator’s perspective, and also serves to enhance
public trust, confidence, and acceptance. Once decommissioning begins, this
interaction usually continues through public meetings, workshops, and
debriefings.

15. SUMMARY

The safe decommissioning of civil nuclear sites has been well demon-
strated in many countries. The nuclear industry’s strong record in this context
reflects a high degree of expertise and responsibility towards the well-being of
current and future generations of people. Accumulating experience and
knowledge will serve to reinforce this already robust record of safety and
achievement.

Restoring a nuclear site to the full extent practicable for its reuse is
fundamental to the sustainable use of resources and is the nuclear industry’s
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guiding goal in decommissioning. The public recognizes that site reuse will
provide opportunities for workforce redeployment and local redevelopment. A
well-devised decommissioning plan can combine the fulfilment of environ-
mental principles and of socioeconomic obligations to the local community.

The nuclear industry has, in recent decades, successfully fulfilled its
responsibilities for decommissioning its facilities and continues to meet these
obligations with professional dedication and technological skill.

DISCUSSION

M. LARAIA (IAEA — Scientific Secretary): I should like to add my
voice to what Mr. Saint-Pierre said about the redevelopment of decommis-
sioned sites — something to which we at the IAEA attach considerable
importance. Earlier this year we published IAEA Technical Reports Series
No. 444, entitled ‘Redevelopment of Nuclear Facilities after Decommis-
sioning’, and we intend to continue working in what we believe will be an
increasingly significant area.
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Abstract

The identification, preservation and incorporation of decommissioning lessons
learned are critical to the continued expansion of nuclear power. Decommissioning
experience will be developed in Europe and Asia over the next several years and that
experience will be invaluable for the decommissioning of the next wave of plants in the
USA. Industry and regulators will need to work cooperatively to ensure that the infor-
mation is preserved and included in the design and operation of all new nuclear facili-
ties, as well as in ongoing decommissioning projects. The paper describes the Nuclear
Regulatory Commission’s efforts to capture the decommissioning lessons learned from
the first wave of decommissioning projects in USA.

1. INTRODUCTION

The word ‘decommission is defined in Nuclear Regulatory Commission
(NRC) regulations (10 CFR 20.1003) as:

“to remove a facility or site safely from service and reduce residual radio-

activity to a level that permits: 1) release of the property for unrestricted
use and termination of the license; or, 2) release of the property under
restricted conditions and the termination of the license.”

On July 21, 1997, the NRC published the final rule on Radiological
Criteria for License Termination (the Licence Termination Rule or LTR) as
10 CFR Part 20, Subpart E. The LTR established 0.25 (mSv/year) from all
sources of radiation under the licensees control as the decommissioning criteria
for NRC-licensed sites. In addition, the LTR requires that radiation doses be as
low as reasonably achievable and that all sources (or pathways) be included in
dose estimates. Finally, the LTR provides for the release of sites for
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unrestricted use and for their release from regulatory control with restrictions
on future site use.

The NRC regulates the decontamination and decommissioning of
materials and fuel cycle facilities, power reactors, research and test reactors,
and uranium recovery facilities, with the ultimate goal of licence termination.
Approximately 200 materials facility licences are terminated each year. Most of
these licence terminations are routine and the sites require little, if any,
remediation to meet the NRC unrestricted release criteria. However, some
present technical and policy challenges, for example, as a result of contami-
nated groundwater, restricted release issues and site-specific dose assessments
that require large expenditures of NRC staff resources.

2. STATUS OF DECOMMISSIONING FACILITIES

Currently, there are 15 nuclear power reactors undergoing decommis-
sioning. Of these, 11 are in safe storage (SAFSTOR) and four are being actively
decommissioned (DECON).

In addition, 14 research and test reactors have been issued with decom-
missioning orders or amendments and in addition three research and test
reactors are in ‘possession-only’ status, either waiting for shutdown of another
research or test reactor at the site, or for the removal of the fuel from the site by
the U.S. Department of Energy.

There are 38 complex materials sites undergoing decommissioning.
Currently, there are 12 NRC-licensed uranium recovery sites being decommis-
sioned. These include conventional uranium mills and in-situ leach facilities.

The NRC provides licensing oversight and decommissioning project
management to fuel cycle facilities, including conversion plants, enrichment
plants, and fuel manufacturing plants. Most of these facilities have been in
operation for 20 or more years. As technology improves and operations at
these facilities change, there are often unused areas on the sites that have
residual contamination.

3. DECOMMISSIONING LESSONS LEARNED

In the mid-1990s, it became apparent that the decommissioning of a
nuclear facility did not constitute a separate set of actions conducted after the
‘life’ of the facility had ended, but rather, was an integral stage in the total life
cycle of the facility. Planning for decommissioning is now recognized by
regulators and the nuclear industry as an activity that must be factored into the
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design and operation of all nuclear facilities. Because decommissioning is
typically undertaken only once in a facility life it is important to identify the
associated experiences and lessons, incorporate them into ongoing decommis-
sioning projects and factor them into the design and operation of new facilities
so that future decommissioning projects can be conducted in a safe, timely and
effective manner.

The NRC has several projects underway to identify, document and
disseminate decommissioning lessons learned, including Regulatory Issues
Summaries, and an enhanced web page.

4. REGULATORY INFORMATION SUMMARY 2002-02

On July 29, 1996, NRC regulations (10 CFR Part 50.82) were revised to
define a new process for decommissioning power reactors. This new process
included a requirement for licensees of power reactors to submit License
Termination Plans (LTPs), rather than Decommissioning Plans (DPs), when
they wanted their facility licences terminated. As a result of these revisions to
the regulations, certain licensees are required to submit either DPs or LTPs to
have their facility licences terminated. These revisions to the regulations
require new information or different types of information than was previously
required. Since the implementation of these revisions to the regulations,
several licensees have submitted either the required DPs or LTPs for NRC
review. As a result of these reviews, the NRC has found common areas that
have resulted in it issuing several requests for additional information (RAIs)
and for licensees to perform additional analyses to address the RAIs. These
additional activities result in delays in completing the reviews. Further, these
additional RAIs resulted in increased costs to licensees. The NRC staff has
reviewed, or is in the process of completing reviews of several DPs or LTPs. As
a result of these reviews, some of the lessons learned are as follows:

— Communications — Early and frequent discussions between NRC staff
and licensees are encouraged during the planning and scoping phase in
support of the preparation of the Decommissioning Plans (DPs) or
Licence Termination Plans (LTPs);

— Groundwater — Additional environmental monitoring data may be
needed because there may not be enough operational environmental
monitoring of groundwater for adequate site characterization and dose
assessments;

— Inspections — ‘In process’ inspections are more efficient than ‘one time’
confirmatory surveys;
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— Flexibility — Continued communications between NRC staff and the
licensee during the staff's review is encouraged — to help the licensee
take full advantage of the inherent flexibility in NUREG-1575, ‘Multi-
Agency Radiation Survey and Site Investigation Manual,” and NUREG-
1727, ‘NMSS Decommissioning Standard Review Plan’;

— Modelling Issues — The submittal of assumptions and justifications for
the parameter values used in developing site-specific derived concen-
tration guideline levels (DCGLs) and in the application of those DCGLs
is encouraged;

— Decommissioning Cost Estimate — The discussion should include the
relationship between the planned decommissioning activities and the
associated updated cost estimate;

— Records — OId records should not be used as the sole source of
information for the historical site assessment/site characterization,
because these old records may be inadequate or inaccurate;

— Classifications of Survey Units — DPs and/or LTPs should be submitted
only after sufficient site characterization has take place;

— Embedded Piping — Some LTPs and DPs contain an inadequate
description of the methods that the licensee plans to use when surveying
the embedded piping planned to be left behind.

As a result of these findings, the NRC staff has expanded its acceptance
review process for DPs and LTPs (typically an administrative review) to
include a limited technical review before a DP or LTP is accepted for detailed
review. An expanded acceptance review facilitates the identification of
significant technical deficiencies early in the review process. This limited
technical review focuses on those areas in which experience has shown
technical deficiencies in licensees' submittals. In general, these areas are:
(1) site characterization (hydrogeological and radiological); (2) dose
modelling; (3) final radiation survey; (4) cost estimate; and (5) institutional
controls (applicable only to restricted release).

5. REGULATORY INFORMATION SUMMARY 2004-08

NRC staff experience with the LTR has revealed some important imple-
mentation issues which have an impact on the decommissioning of sites. In
June 2002, the NRC staff conducted an analysis of LTR issues, with particular
emphasis on resolving the restricted release and institutional control issues
with the goal of making the LTR provisions for restricted release and alternate
criteria in 10 CFR 20, Subpart E, more available for licensee use. The staff’s
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analyses were completed for nine issues in March 2004. The nine issues that the
staff analysed are:

— Restricted release/alternate criteria and institutional controls. NRC
licensees have difficulties arranging for the institutional controls required
by the LTR that will ensure long-term protection of public health and
safety.

— The relationship between LTR release criteria and the ‘unimportant
quantities’ criterion under 10 CFR 40.13(a). The relationship is unclear
between the exemption in 10 CFR 40.13(a) for source material that is less
than 0.05 weight per cent uranium or thorium and the criteria in 10 CFR
20 Subpart E (LTR) used for decommissioning and licence termination.
In addition, clarification is needed that 10 CFR 40.13(a) is not a decom-
missioning criterion.

— Appropriateness of developing a separate uranium/thorium unrestricted
release standard. Because the LTR cleanup levels for radioisotopes of
these elements can be below concentration levels of the isotopes found in
nature, the appropriateness of developing an unrestricted release
standard higher than the LTR should be considered. In addition, LTR
cleanup levels can be lower than those in other NRC regulations or
certain State and Federal regulations, and since some sites have large
volumes of such materials, cleanup can be complex and costly.

— Relationship between the LTR and on-site disposal under 10 CFR
20.2002. NRC regulations do not establish a clear standard for approving
on-site disposals, although on-site disposals need to be reconsidered
under the LTR at the time of licence termination.

— Relationship between the LTR and the current case-by-case approach for
controlling the disposition of solid materials. The relationship is unclear
between the LTR’s dose constraint of 0.25 mSv/year (25 mrem/year) for
unrestricted use of a site and the existing guidance for controlling the
disposition of solid materials on a case by case basis, particularly for
instances where materials and equipment containing residual contami-
nation might be removed from an unrestricted-use site after licence
termination.

— Realistic exposure scenarios. Clear guidance is needed for selecting more
realistic exposure scenarios for estimating potential doses to the public
after the termination of the licence.

— Measures to prevent future legacy sites by changes in financial assurance.
Because licensee financial assurance risks may cause shortfalls in decom-
missioning funding, additional measures are needed to ensure that
adequate funds are available for the decommissioning of sites.
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— Measures to prevent future legacy sites by changes to the operations of
existing licensees. Because operations at some sites have a significant
potential to cause environmental contamination, additional measures are
needed to reduce the likelihood and mitigate the consequences of such
events occurring.

— Appropriateness of allowing intentional mixing of contaminated soil. The
appropriateness of allowing intentional mixing of contaminated soil to
meet release criteria should be evaluated.

The NRC staff is developing guidance, to be documented in a revised
NUREG-1784, to address these issues.

6. ENHANCED WEB PAGE

In 2005, the NRC established a ‘decommissioning lessons learned’ page
on the new Decommissioning web site. This web page includes a definition of a
lesson learned, which is “any item that could be of interest and benefit to many
licensees”. Lessons learned include positive or negative experiences that are
considered to be worth sharing with NRC licensees and stakeholders for the
purpose of improving future efficiencies. The web page provides a short
summary of each lesson, its potential benefits, and links to publicly available
documents that discuss each lesson learned in greater detail. The web page
includes links to existing published sets of NRC lessons learned. NRC lessons
learned can be found at: http://www.nrc.gov/what-we-do/regulatory/decommis-
sioniong/lessons-learned.html.

7. IMPLEMENTING THE LESSONS LEARNED
7.1. Materials sites

Flexibility and the use of realistic scenarios, supported by adequate justi-
fication for the choice of the scenario, are two areas in which the NRC staff has
significantly improved the NRC’s Decommissioning Program. Some examples
of sites where the NRC has used flexibility and realistic scenarios to establish
site specific cleanup levels are described in the following paragraphs.

At one materials site, the NRC staff developed its own dose assessment to
support a recommendation to the NRC that no further decommissioning action
was needed. The dose assessment included a range of potential scenarios that
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included two reasonably foreseeable scenarios and two less likely scenarios to
bound the uncertainty associated with future land use.

The licensee of another materials site proposed an industrial land use
scenario for dose calculation purposes. The NRC staff reviewed the proposal
and evaluated land use development in the area and concluded that industrial
land use was appropriate for this site. The decision withstood a legal challenge.
This decision is important because it is the first case that used the industrial
scenario as a reasonably foreseeable land use, and that withstood a legal
challenge.

At another site, the licensee used the realistic scenario approach and the
flexibility of the LTR to design an engineered barrier for erosion protection to
revise and resubmit the DP.

The realistic scenario approach was also used at yet another site to
facilitate licence termination. At this site, it resulted in a decision being made
not to disturb the contamination; this avoided impacts to workers and the
environment as minimized the decommissioning costs.

7.2. Reactor sites

In 2005, the NRC completed decommissioning at two power reactor sites.
Two different approaches to decommissioning were adopted at these otherwise
similar sites. At one of the reactor sites it was decided to complete decommis-
sioning, terminate the Part 50 operating licence and manage the Independent
Spent Fuel Installation (ISFSI) under the 10 CFR 72 (specific license), while at
the other site it was decided to reduce the plant footprint to the ISFSI and to
continue to manage the ISFSI under the general licence provisions of 10 CFR
Part 50. These different approaches identified several lessons, as discussed
below.

Stakeholder communications

The NRC LTR requires that the NRC solicits comments from the public,
and 10 CFR 50.82 requires that a public meeting be held prior to the License
Termination Plan approval for power reactors. This meeting allows the public
to present concerns to the NRC staff for consideration of the License
Termination Plan. The stakeholder participation can vary widely. It has been
observed that this consultation may result in significant actions being taken by
the stakeholders that may influence a licensee’s decommissioning plan.
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LTP development and implementation

The lesson learned is that licensees need to produce a clear, concise, and
detailed LTP, because it results in quicker approval. Further, a clearly written
LTP requires less interpretation and allows the NRC to easily verify
compliance with approved LTP requirements. The following discussion
describes how the two sites” LTPs affected the decommissioning process.

At one site, the licensee took a straightforward approach to the LTP and
the decommissioning. In the original site characterization, no groundwater
contamination was found, so the licensee adopted the NRC Screening level
DCGLs versus the development of site specific DCGLs. This simplified the
approach for demonstrating that the residual radioactivity would give rise to
radiation doses of less than the 0.25 mSv/year (25 mrem/year) criteria. The goal
was to release the site for unrestricted use. The LTP was approved by the NRC
in 18 months and over the course of the decommissioning, there were no major
revisions to the LTP.

This is in contrast to another site where the LTP was developed using very
broad and general methods for demonstrating compliance with NRC require-
ments and guidance. Although licensees generally believe that a less specific
LTP allows for greater decommissioning flexibility, the potential for differing
interpretations of the LTP commitments by NRC and licensee staffs is
increased. In this case, the different interpretations presented during the LTP
review led to numerous meetings and teleconferences to resolve NRC
questions. The LTP required 37 months for approval.

Final status surveys (FSS) records and confirmatory surveys

The Final Status Survey Report (FSSR) is used to demonstrate that
residual radioactive material at the site does not exceed the NRC criteria for
release of the site. The NRC reviews the FSSR to verify that the results of the
FSSs demonstrate that the site meets the radiological criteria for licence termi-
nation. As part of the FSSR review process, the NRC may review a variety of
records associated with the FSSR, such as actual survey data packages, FSS
instrument calibration records, and survey technician qualification and training
records. The licensee and regulator should agree on the format and content of
the FSSR Records that support the FSSR (i.e. FSS data, instrument calibration
logs, and technician qualification and training records). These should be readily
retrievable for inspection and the FSSR supporting records should be of high
administrative quality.

At one site, the licensee submittals following the originally agreed format
were consistent and of high administrative quality, which allowed the NRC
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staff to review the information efficiently. The NRC confirmatory surveys were
scheduled with the licensee and were performed as planned.

This can be contrasted with another site where the content of the FSSR
consisted of general FSS records. In this case, NRC staff needed to ask for
substantially more information and to conduct two additional site inspections.
At this site, the NRC review took longer to complete. Further, at this site, the
NRC had difficulty in scheduling confirmatory surveys and thus in-process
surveys were conducted. In-process surveys can confirm that the licensee is
performing the surveys adequately since the surveys are conducted side-by-side
with the licensee.

8. CONCLUSION

The NRC is working cooperatively with the nuclear industry on
approaches to identify and preserve decommissioning lessons learned because
decommissioning knowledge management is critical to the continued
expansion of nuclear power. Decommissioning experience will be developed in
Europe and Asia over the next several years that will be invaluable to the
decommissioning of the next wave of plants in the USA. Industry and
regulators will need to work cooperatively to ensure that the information is
preserved and included in the design and operation of all new nuclear facilities,
as well as on-going decommissioning projects.

DISCUSSION

G. YADIGIAROGLOU (Greece — Chairperson): In your presentation
you spoke of ‘intentional mixing’, which could be tempting when one is dealing
with low-level radioactive material. Could you elaborate?

C. MILLER (United States of America): ‘Intentional mixing’ does not
mean mixing clean soil with contaminated soil or extending a contaminated
area into a clean area. In means that, within a contaminated area where there
are different levels of contamination, one mixes the contaminated soil so as to
achieve a uniform contamination level which meets the standards for
decommissioning.
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Abstract

Activities for the decommissioning of the WWER-440 power reactors at the
Kozloduy Nuclear Power Plant started in the late 1990s. The activities included the
development of decommissioning-related regulations and the elaboration of initial
strategies for decommissioning the reactors. After 2000, and with the aid of two
European Commission funded projects, a technical design for decommissioning of
Kozloduy units 1 and 2 was developed. Legislative changes also occurred: A new
Nuclear Safety Act was adopted in 2002 and, subsequently, changes were made to the
related secondary legislation. Today, Bulgaria has a well developed and complete legis-
lative and regulatory basis for decommissioning and advanced technical and safety
documentation concerning the decommissioning of the WWER-440 units. The way in
which this framework was developed together with the challenges experienced and the
plans for the way forward are presented in the paper.

1. INTRODUCTION

The Kozloduy Nuclear Power Plant is the largest producer of electric
power in the Republic of Bulgaria, generating more than forty per cent of the
electricity in the country. It has four WWER-440 units, which were commis-
sioned between 1974 and 1982, and two WWER-1000 units, which were
connected to the grid in 1987 and 1991.

Bulgaria has been associated with the European Community since 1995
and is expecting to obtain membership of the European Union in 2007. In
accordance with the agreements signed by the Bulgarian Government and the
European Commission, Kozloduy units 1 and 2 were closed at the end of 2002
and units 3 and 4 are scheduled to be closed by the end of 2006. The decommis-
sioning of the four units is now under consideration. The decommissioning
poses a number of safety, financial and planning challenges requiring good
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organization and continuous efforts both from the side of the regulator and of
the licensee.

2. LEGISLATIVE FRAMEWORK
2.1. Past legislation

In the 1980s and 1990s, the main law governing nuclear matters in
Bulgaria was the 1985 Act on the Use of Atomic Energy for Peaceful Purposes
(amended and supplemented in 1995). According to this law, a Technical
Project for Decommissioning has to be prepared by the plant operator at least
5 years before the date planned for initiating dismantling operations. However,
no precise guidance is given about the content of this Technical Project.

Detailed requirements on decommissioning planning and implemen-
tation and on the content of the decommissioning permit application were
established in 2001 with the adoption of the Regulation No. 10 on Safety during
the Decommissioning of Nuclear Facilities. This regulation introduced the
notion of a decommissioning plan and requirements for the safety assessment
of decommissioning operations.

2.2. Current legislation

In 2002, a new basic nuclear law, the Act on the Safe Use of Nuclear
Energy was adopted [1]. This Act contains a number of provisions on decom-
missioning; the most important are:

— Decommissioning can be undertaken only after a decommissioning
permit has been issued by Nuclear Regulatory Agency (NRA);

— If decommissioning is to be implemented in stages, a separate permit can
be issued for each stage;

— The decommissioning plan, the safety analysis report and a positive
Environmental Impact Statement (by the Ministry of Environment and
Water) are required before a decommissioning permit can be issued;

— The plant operator must submit a final decommissioning plan to the NRA
three years before the closure of the reactor or the nuclear power plant.

The secondary nuclear legislation was completely revised by 2004 in
order to be in compliance with the new Act [1]. As a result, twenty new
regulations were issued which took into account a number of international
requirements and recommendations (e.g. those of European Union, the IAEA
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and the International Commission on Radiation Protection). The new
regulations contain requirements for the early planning of decommissioning (at
the design stage) and for the periodic update of decommissioning information;
they also contain specifications for the required content of the final decommis-
sioning plan [2]. One of the most important decommissioning-related
legislative developments is the definition in the regulations of clearance levels
for materials arising from regulated practices.

3. DECOMMISSIONING ACTIVITIES AT THE
KOZLODUY NUCLEAR POWER PLANT

3.1. Preliminary studies

In the first study on the decommissioning of the Kozloduy WWER-440
reactors, decommissioning with safe enclosure was proposed as an acceptable
option for Units 1 and 2 [3].

In another study, five options for the decommissioning of the Kozloduy
units 1 and 2 were assessed taking into account the main factors relevant to
decommissioning, such as: safety, environmental protection, radiation
protection, radioactive waste management and legal and regulatory considera-
tions [4]. The selected option envisages that the facilities of Kozloduy Units 1
and 2 would be converted into ‘safe enclosures’ and be subjected to continuous
monitoring for a period of 70 years.

3.2. Technical designs for the decommissioning of Kozloduy units 1 and 2

After the decommissioning option had been selected ‘in the mid-1990s’,
work continued on the development of the more detailed technical and safety
documentation needed for the licensing and the implementation of the
Kozloduy 1 and 2 decommissioning project. With the support of the European
Commission, two consecutive versions of the "Technical Design for Decommis-
sioning’ were prepared in 2000 [5] and 2001 [6].

The original strategy for deferred dismantling of the units was retained in
the technical designs but a more precise timing of the process was developed:

— Phase 1 — including the post-operational activities and the preparation of
the safe enclosure (SE) — 5 years;

— Phase 2 — SE period of 35 years;

— Phase 3 — deferred dismantling.
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Documents produced during the second PHARE project [6] included a
detailed classification of systems for the first and second stages of the decom-
missioning plan for Kozloduy units 1 and 2, data sheets for every system, an
operational handbook, information on radioactive waste management during
the decommissioning operations, a preliminary version of the Safety Analysis
Report for the preparation of the safe enclosure, preliminary versions of the
Environmental Impact Assessment (EIA), the Radiation Protection Concept
(RPC) and the Quality Assurance (QA) Plan for decommissioning.

The decommissioning schedule was revised in 2005 to reflect the delay in
the implementation of the project for the construction of dry spent fuel store
on the Kozloduy site, which is deemed crucial for the start of preparations for
the safe enclosure. The new schedule envisages an extension of the post-
operational period until 2012 [7].

4.  ONGOING AND PLANNED ACTIVITIES
4.1. Revision of the Kozloduy decommissioning strategy

Reference [6] is still the relevant decommissioning guide; however, the
changes in circumstances and in the legislative environment have made it
necessary to revise the decommissioning strategy. The revised strategy provides
a tool for making decisions on further decommissioning activities of the plant
and on recommendations for different options, where applicable. The
development of a revised strategic document was contracted to a consortium of
European (BNFL, EDF) and Bulgarian companies (ENPRO) and the
document was submitted to the KNPP management in October 2005 [8]. The
Kozloduy management has not yet approved the new strategy document;
however, its major features are presented below.

The new strategy [8] identified the following problems associated with the
current decommissioning approach [6, 7]:

— It would have a heavy impact on the local community in terms of very low
employment during the 35 years of safe enclosure;

— The operational nuclear power plant knowledge necessary for decommis-
sioning would be lost;

— The radioactive waste treatment infrastructure would be idle for the time
before the start of deferred dismantling of units 1 to 4.

A new ’continuous dismantling’ approach was proposed for Kozloduy
units 1-4, which provides for smooth, even and continuous usage of human and
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financial resources as well as of the waste treatment facilities. The key features
of the new strategy are as follows:

— Dismantling activities commence much earlier (turbine hall — 2011,
auxiliary buildings — 2015, etc.);

— The duration of the safe enclosure is flexible and much shorter than
35 years;

— The safe enclosure zone is reduced, e.g. the auxiliary buildings are
excluded.

4.2. Regulatory development

The Bulgarian nuclear regulator is receiving assistance in the area of
decommissioning from leading Western European regulators and their
technical support organizations — as part of the European Commission
PHARE programme. Two such projects have been implemented so far, leading
to the development of the current decommissioning regulations and the
enhancement of nuclear regulatory authority expertise in decommissioning
and related topics [9, 10]. The technical design for the decommissioning of
Kozloduy units 1 and 2 has also been reviewed within the above-mentioned
projects and the results of the review have been communicated to the utility.

Regulatory plans in the decommissioning area mostly concern the
development of regulatory guidance on applying decommissioning regulations,
which will be done within a new PHARE project. The regulatory guidance
planned to be developed by mid-2007, consists of ten documents, the most
relevant being:

— The format and content of the decommissioning plan;

— The format and content of the staged decommissioning project;

— The format and content of the safety analysis report for the decommis-
sioning of the nuclear reactors;

— Radiation protection during decommissioning.

5. CONCLUSIONS

When the decision on the early shutdown of the Kozloduy WWER-440
reactors was taken in the mid-1990s, neither the Bulgarian legislative system
nor the concerned organizations were prepared for facing the challenges
associated with the decommissioning of the units. The first studies on decom-
missioning [3, 4] were undertaken jointly by the regulator and the operator in
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the late 1990s. By the early years of this century, these initiatives had led to the
development of up to date regulations [1, 2] on one side and technical designs
for decommissioning on the other [5-7].

More recently, changing political, social and regulatory environments and
the evolving views of both the regulator and the operator have led to the
revision and development of the earlier approaches. Thus, the strategy for
‘deferred dismantling’ adopted in the 1990s of the last century has been
changed to a ’continuous dismantling’ strategy. In the regulatory field, a
number of related regulatory guidance documents have been developed.

Most of the activities related to the decommissioning of the Kozloduy
nuclear power plant have been undertaken with the support of the European
Commission and with the participation of companies and organizations from
EU countries. A number of new regulatory and industrial activities, requiring
continuous support from EU countries and institutions, have been planned and
are now ongoing. The successful implementation of the decommissioning
requires a good coordination between all parties and an adequate and timely
reaction to changing circumstances. In this process nuclear regulator has an
important role which Bulgarian NRA is ready to take.
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DISCUSSION

G. LINSLEY (IAEA): What were the reasons for the change from a
policy in favour of deferred dismantling to one in favour of early dismantling?

S. TZOTCHEYV (Bulgaria): We felt that a delay of 35 years would be too
long — during that period a great deal of knowledge would be lost owing to, for
example, the retirement of personnel.

Also, there was the question of the unemployment that would result from
such a delay.

In addition, we would like to make maximum use of the infrastructure
that still exists for dealing with radioactive waste.
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Abstract

The role of the regulatory body in respect of the protection of the worker,
property, and the environment is of central importance. The regulator may, however, be
faced with key challenges in ensuring compliance of that decommissioning activities are
in compliance with regulations. On the basis of lessons learned from past experiences,
the paper provides some insights into areas that a regulatory body needs to pay
attention to in the area of decommissioning. They include the resources required by the
regulatory body, the safety aspects of decommissioning, and issues related to the review
of safety submissions. It is noteworthy that a decommissioning involves the regulatory
body in most of its core functions.

1. INTRODUCTION

The decommissioning of facilities is taking place in a regulatory
environment that has become more demanding, complex and less forgiving.
Our industry is currently going through interesting times. The increasing
demands for a viable and environmentally acceptable energy source are
challenging our past and present paradigms. The sustainability of planned
activities may no longer simply be an option but could soon become an
imperative for the nuclear industry. In the middle of competing national
priorities the activities of the nuclear industry must still be sensible as well as
responsible. This is the background against which activities such as decommis-
sioning are taking place. Regulatory requirements are constantly being made
more rigorous, prompted by a growing awareness and scrutiny by the public of
developments involving nuclear technology.
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2. RESOURCE MANAGEMENT ISSUES

The resources which a regulatory body needs to allocate to control the
decommissioning process can be directly linked to its main regulatory
functions. It is important for the purposes of resource allocation planning to
know: the technologies, the types of facilities, and the physical processes that
are intended for decommissioning. For example, the approach taken in decom-
missioning a uranium processing plant would be expected to be different from
that taken for decommissioning a research reactor. The scale of the activities to
be undertaken by the operator must also be fully understood. This type of
information is an important input for determining the resources that the
regulator may need to commit.

The nature of the decommissioning activities and the adequacy with
which they are carried out will influence the strategy adopted by the regulatory
body. From a planning point of view, the regulatory body will be expected to
carry out activities related to its core functions, such as review and assessment,
provision of regulatory guidance, public consultation, and approval of the
design and safety assessments.

Depending on the technology involved it may be necessary to seek
assistance from a technical support organization. For facilities that have
remained in safe store for years there may no longer be technical staff at the
organization familiar with the processes. Having said this, it is essential that the
regulatory body should make use of its in-house technical expertise to control
the activities associated with decommissioning. In instances where analytical
work is required, the regulator should verify radiological data in its own
laboratory. In order to perform confirmatory surveys, the regulator needs to be
equipped with the appropriate instrumentation.

Certain activities mentioned here would need to be undertaken prior to
the regulatory body granting an authorization for the decommissioning
activities. An appropriate level of resources must be applied for the authori-
zation and for the termination of this activity to ensure that regulatory require-
ments will be complied with. So without being too prescriptive, but taking into
account that core regulatory functions need to be performed, consideration of
these variables will form part of the assessment required to determine the
resource needs of the regulatory body.

3. SAFETY ASPECTS

The regulatory approach to safety is crucial in order to ensure that
decommissioning activities are conducted with efficiency and effectiveness. A

102



SESSION 2

comprehensive decommissioning plan approved by the regulatory body plays a
central role in the overall scheme of ensuring compliance with regulatory
requirements. From a regulatory point of view, a phased approach should be
adopted for larger decommissioning projects. The phased approach used in
South Africa for larger projects has ensured that decommissioning work has
been conducted in a structured manner. It is important also to ensure that the
operator has planned the activities carefully and can demonstrate that he/she
can cope with unintended consequences, if they occur.

The radiation doses that are predicted in the assessment phase of a
decommissioning project are based on certain assumptions, which may differ
from those that occur during the execution of the project. It is very instructive,
therefore, to record and analyse the reasons for these differences.

The criteria for releasing material from regulatory control should be
clearly defined. The disposal routes for radioactive waste that arises from
decommissioning activities should be identified and be part of a pre-
determined plan. The disposal strategy should comply with accepted
radioactive waste management practices. Government policies for radioactive
waste management must be in place and the industry needs to make efforts to
implement such policy taking socioeconomic factors into account.

In regard to safety it is necessary that the regulatory body takes a holistic
approach that incorporates the determination of best practice, compliance with
the letter of the law, while ensuring the protection of property, the worker, and
the environment is accomplished.

Prior to the decommissioning plan on a regular basis prior to its imple-
mentation, the decommissioning organization should be required to update the
plan and to ensure that it captures all events leading to exposures of the type
that have arisen during the history of operation of the facilities. Record keeping
and configuration control of the organization’s management system play an
important role in this regard.

The safety requirements for the different decommissioning options need
also to be commensurate with the associated radiation hazards. The factors that
need to be considered are:

— Cost-benefit and safety considerations;

— The reuse of cleared facilities;

— The opportunity costs and allocation of financial resources;

— Decisions and strategies for effective radioactive waste management;

— The scenarios and criteria associated with clearance, reuse and recycling
of materials;

— The impact of deferring decommissioning;

— Use of the appropriate technology and expertise.
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4.  REGULATORY CONSTRAINTS

In recent times it has become clear that legislative and regulatory require-
ments have been strengthened everywhere. It is not specific to decommis-
sioning but is general (e.g. ISO 14001) to all types of regulated activity. In South
Africa, it is now the case that a larger number of governmental departments
than previously have responsibilities related to the achievement of ‘green field’
sites and this means that the regulatory body must collaborate with these
departments in relation to planned decommissioning activities. This can be
time consuming for the regulator. All of this indicates the need to have an up-
to-date regulatory infrastructure for decommissioning activities involving
radiological, non-radiological, nuclear, and conventional safety aspects.

5. ISSUES WHEN REVIEWING DECOMMISSIONING ACTIVITIES

The issues that have arisen in relation to decommissioning activities in
South Africa have been mainly concerned with compliance aspects. They have
included: the radiological safety methods for demonstrating compliance; the
effectiveness of control measures; the need for regular monitoring of radiation
doses; the use of appropriate technology that will limit potential exposures, the
segregation of large volumes of waste; and some issues of reuse.

From the experience to date the regulatory body must give priority to
safety when economic arguments are raised against particular courses of
action. This will always be an issue that will arise and one which the regulatory
body will have to deal with.

6. CONCLUDING REMARKS

A decommissioning project requires concerted efforts to ensure safety
throughout its duration and it can, therefore, can, depending of the decommis-
sioning strategy, to put resource constraints on a regulatory body.

Some important considerations that should be taken into account are:

— Stakeholders, including governmental departments, should be involved at
an early stage before the physical activities commence;

— The resources deployed by the regulator should be commensurate with
the nature of the decommissioning activity to be undertaken;
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— It is important to ensure that the decommissioning strategy is appro-
priate, that is, it should take into account, inter alia, the available
technology, the radioactive waste practices, and the financial constraints;

— The regulator should verify the radiation doses that are projected for the
planned decommissioning activities, since predicted doses for certain
activities may be on the conservative side;

— There should be a plan to segregate the radioactive waste generated
during decommissioning; the absence of such a plan this could lead to the
inadvertent release of contaminated material;

— The regulator must recognize the need to take account of the regulatory
requirements of different governmental bodies.

DISCUSSION

G. YADIGIAROGLOU (Greece — Chairperson): Does the design of
the Pebble Bed Modular Reactor being developed in South Africa take
account of decommissioning requirements?

JOUBERT (South Africa): Yes, it does.
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Abstract

Decommissioning activities have been performed in France since the early 1980s,
even though no major decommissioning projects were actually undertaken until after
1990. In the first part of the paper, the regulatory aspects of current decommissioning
projects, such as the first-generation nuclear power reactors and research and fuel cycle
facilities, are described. The evolution of the regulatory framework since the beginning
of the 1980’s is also described; this occurred concurrently with the development of the
operator’s strategies, for example, EDF’s strategy change from a care-and-maintenance
period of 50 years to immediate decommissioning. The new regulatory framework,
introduced in 2003, which allows only one decommissioning licence for the whole
project, instead of the previous 2 or 3 licences is described. This system is based on an
internal authorization and aims to give the licensee more flexibility and to allow the
regulator to concentrate on the most important safety related issues. The licensee is
hence enabled, under certain conditions, to authorize internally minor operations within
the overall safety demonstration of the facility: The inventories of radioactive and toxic
substances, and related hazards must not be substantially increased, design accidents
must still be taken account of and the overall defense-in-depth concept should not be
jeopardized. The paper gives the first feedback and lessons learned from this new regu-
latory approach, which emphasizes that the main challenge of decommissioning is not
only technical but also organizational. The second part of the paper addresses the topic
of safe termination of practices in France. A short introduction to the French approach
for radioactive waste management is also presented. The paper explains the principles
of the regulatory framework issued in 2006 regarding the complete clean up of facility
structures, based on the defence-in-depth concept: understanding of the physical
phenomenon (i.e. activation or contamination), modelling of this phenomenon, after-
operations radiological controls. The first French examples of declassified facilities and
future perspectives are described.
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1. INTRODUCTION

In its work on decommissioning, the Autorité de streté nucléaire (ASN;
Nuclear Safety Authority), to the extent possible, takes account of relevant
experience feedback from past decommissioning projects in France and
abroad. The ASN encourages complete decommissioning either immediately
or after a slight postponement, provided that the operator is able to present
and justify the chosen decommissioning scenario before the start of the
regulatory process, from the final cessation of production up to the final
decommissioning of the installation (end-state). Regulatory practices for
nuclear installation decommissioning operations have been continuously
updated along these lines, first, in 2003 (unique decommissioning licence) and,
most recently, in 2006 (safe termination of practices).

The ASN considers the current decommissioning operations as test cases,
providing the opportunity for the operators, on the one hand, to define and
implement a decommissioning strategy and, on the other hand, to specify a
management policy for the large amount of radioactive waste that will be
generated. If carried through to their conclusions, the test cases constitute
examples in which the technical and financial feasibility of an entire decommis-
sioning operation is demonstrated.

2. OVERVIEW OF DECOMMISSIONING IN FRANCE
2.1. French regulatory approach and history
2.1.1. Prior to 2003

The general regulatory framework was modified at the end of the 1980s
to cope with the need to regulate the decommissioning of the first shutdown
power reactors. This general regulatory framework regarding nuclear facilities
is contained in the amended decree of 11 December 1963. Before 1990, this
decree did not include any provisions for the decommissioning of nuclear
facilities. Some small research facilities, located on complex nuclear sites, were
decommissioned but this was done by means of a case-by-case licensing
process. It has to be noted that, at the end of the 1980s, the general power
reactor licensee’s strategy was one of deferred decommissioning. This strategy
consisted of extracting the fissile material, removing the easily recoverable
parts, reducing the contained zone to a minimum and establishing an external
barrier. At this time, it was envisaged by EDF (the nuclear power plant
operator in France) that complete decommissioning/dismantling of the instal-
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lation would occur after several decades of containment, in particular, to take
advantage of the natural radioactive decay of ®*Co in the reactors cores. At that
time, the regulatory approach was to license decommissioning as successive
modifications of the facility (step-by-step approach); each of these modifica-
tions was to be licensed on the basis of a safety report corresponding to the
future decommissioning phase. The framework referred to the decommis-
sioning levels defined at this time by the IAEA [1] and required at least a
licence to move from phase 2 to phase 3. An approach of this type had its
drawbacks, notably in that it could lead to a gradual loss of knowledge of the
facility, as its operators departed, which could be prejudicial to the decommis-
sioning operations. The financial cost of the care-and-maintenance period is
very high, and the advantage of the natural radioactive decay of ®Co is less
important after the first decade (exponential decrease).

After the first applications of this framework in the 1990s, the approach
appeared also to have the following regulatory drawbacks:

— Decommissioning of a power reactor would often need to have at least
two or three successive licences, whereas only one is needed for the
creation of a new facility; this seemed to be out of proportion to the safety
hazard presented by a facility under decommissioning.

— The regulatory framework was written for power reactors and was not
easily applicable to other types of facilities, in particular smaller facilities
— such as prototype or research facilities — where the complicated
licensing requirements are clearly not proportionate to the hazard levels.

— The framework did not require the licensee, nor allow the regulator, to
have an overview of the overall decommissioning project, that could
allow to examine the global optimization of the project.

From the safety point of view, the ASN concluded that there was a need
to promote immediate decommissioning approaches, mainly because of
potential knowledge loss and ageing management issues at the facilities. The
regulatory framework was not compatible, as it did not favour such immediate
decommissioning approaches, because of the regulatory burden it involved.
Also, it did not contain any provision for the licence termination process, as this
problem was assumed not to require consideration before some time, many
years into the future. As a result, the ASN asked EDF to review the strategy
and to evaluate the feasibility of reducing the time needed to undertake
complete decommissioning.

At the beginning of the 2000s, some decommissioning projects had been
licensed and had begun. The first licences for power reactor decommissioning
contained a licence condition that required EDF to periodically evaluate its
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decommissioning strategy from the point of view of safety. The studies
undertaken in response to the ASN request persuaded EDF to review its
strategy and to adopt an accelerated decommissioning strategy for its first
generation reactors.

In another area of the nuclear industry in France, the financial difficulties
that the Atomic Energy Commission (CEA) had experienced in relation to
decommissioning were overcome through the establishment of a dedicated
decommissioning fund. Many decommissioning programmes that had been
postponed were restarted and this required an appropriate licensing process.

All the preceding considerations led to the need for an in-depth revision
of the regulatory framework for decommissioning.

2.1.2. Since 2003

In 2003, the ASN established a licensing framework for decommissioning
that responded specifically to the following considerations [2]:

— To provide an overview of the whole decommissioning project, including
an intended end-state;

— To issue only one licence for the whole decommissioning project;

— The regulatory activities should be proportionate to the actual hazard
presented by the facility (a graded approach);

— To include a regulatory framework for the licence termination process.

All of these new provisions are presented in more detail in Ref. [1]. The
advantages of requiring, at the outset, an overview of the decommissioning
project are considered to be greater than the associated drawbacks. One
important drawback is that the final decommissioning phases cannot be
described in any detail at the beginning of the project. However, taking into
account the intended end-state from the beginning of the decommissioning
project can facilitate its overall optimization, possibly influencing even the very
first decommissioning operations.

The licensing process requires that the licensee produces a report on the
decommissioning strategy, including a safety assessment of each successive
decommissioning phase or main operation. The first phases or operations must
be described and assessed in detail, while later phases or operations are to be
described and assessed at a lower level of detail, involving only the main safety
aspects. The specfic licence for the decommissioning project, based on an in-
depth assessment, will identify, if needed, particular future phases or
operations that will necessitate regulatory authorizations if it is considered that
they are of particular importance from a safety point of view.
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FIG. 1. The new regulatory framework.

Figure 1 is an illustration of the new regulatory framework. It shows the
two phases of the life of a facility and indicates the related risks. Each phase is
authorized by one decree.

While strengthening the initial licensing process, it was, at the same time,
considered necessary to allow the licensee more flexibility in deciding on the
details of decommissioning operations. This is consistent with the wish to adapt
the regulatory burden to the hazard, but it also reflects the experience that
decommissioning always involves unexpected findings that need sufficient
flexibility for their management. This is why an ‘internal authorization system’
has been fostered (see Section 2.3).

2.2. Facilities currently being decommissioned
2.2.1. First generation power reactors

After an initial evaluation in 1999, EDF decided to revise its strategy for
the decommissioning of the EL4 reactor, a heavy water moderated 70 MW(e)
prototype with carbon dioxide cooling. EDF undertook to carry out complete
decommissioning of the reactor after completion of the partial decommis-
sioning operations currently in progress. The authorization for its complete
decommissioning was issued by ASN in 2006.

The six gas cooled reactors (GCRs), which were the first generation EDF
nuclear power reactors, are currently at various stages of decommissioning. In
accordance with the Government decision of February 1998, the fast reactor
‘Superphénix’, a sodium cooled industrial 1200 MW(e) prototype, is also
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currently being decommissioned. The authorization for the complete decom-
missioning of these reactors was issued in 2006. The Ardennes nuclear power
plant, Chooz A, was the first French PWR 350 MW(e) plant. EDF is currently
carying out operations to prepare for complete decommissioning. EDF’s
decision to adopt an immediate decommissioning strategy for all its closed
nuclear power plants, based on complete decommissioning of the reactors with
no care-and-maintenance period, should permit the decommissioning of these
nine reactors to be completed by 2025.

In January 2003, EDF presented an overview of the decommissioning
programme for the nine reactors to ASN; it included technical justifications
which addressed the facility safety cases, radiation protection, waste
management (particularly for the graphite), organizational aspects, consider-
ation of workforce skill maintenance, and descriptions of the target end-state.
After obtaining the opinion of the Advisory Committee for Laboratories and
Plants, which met to discuss this subject in March 2004, the ASN adopted a
position in June 2004 about the pertinence of the EDF first-generation reactor
dismantling strategy proposed. ASN decided in June 2004 that EDF’s strategy
and schedule for these reactors was acceptable in terms of safety and radiation
protection.

2.2.2. Research facilities at CEA

A wide range of CEA research facilities are currently being decommis-
sioned or are in a final shutdown phase in France; they include: Research
reactors (60); a fast breeder reactor prototype; a particle accelerator; various
research facilities and laboratories (11). Two research oriented sites are in the
process of being completely denuclearized because of the growing urbanization
of the surrounding areas. Subsequently, they will be reoriented to non-nuclear
activities. There will be a complete assessment of the CEA strategy for the
decommissioning of its facilities at the end of 2006 and the Advisory
Committee for Laboratories and Plants will be consulted as it was in relation to
the EDF decommissioning strategy.

2.2.3. Fuel cycle facilities
Some fuel cycle facilities are currently being decommissioned, or are in a

final shutdown phase (two fuel fabrication plants and one fuel reprocessing
plant).
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2.3. The internal authorization system

The new regulatory framework for decommissioning reaffirms the need
for there to be up-to-date and applicable safety documentation at every facility.
This is a particular challenge during decommissioning because of the highly
changing nature of facilities during the decommissioning process and because
some future situations may be difficult to describe in detail because of inherent
uncertainties.

To provide this needed flexibility, it has been decided to allow the licensee
to authorize internally small modifications provided that they remain within
the overall safety case for the facility. The safety authority has provided a clear
list of conditions that the operator must respect in order to demonstrate that
the intended operations are within the overall safety case.

First feedback of the new The safety authority requires that the internal
authorization system implemented by the licensee is auditable (by means of on-
site inspections), and that it provides sufficient transparency that the state of
the facility and the operations being carried out can be determined at any time.

To achieve this goal, the licensee is asked to establish, within its own
organization, a committee of safety experts that includes experts from other
national or international licensees, or technical experts from universities or
non-nuclear organizations. Particular care must be taken to ensure that the
members of the committee charged with the examination of a safety case are
different from the persons who prepared the safety case; this is particularly
important in the case of small licensee organizations. In the case of the decom-
missioning of power reactors, this has led to only one national committee of
safety experts being established by EDF. The same type of national committee
has been established by the CEA. This approach has been followed so that a
consistent approach is adopted at all power reactor sites where decommis-
sioning is taking place.

For each document that is examined by the expert committee, a critical
report must be prepared and presented to the committee by independent
assessors. The critical report and the committee discussions and conclusions
must be appropriately documented so as to allow inspection of the overall
system by the regulatory authority. The final decision is taken by the represent-
ative of the licensee who is legally responsible for safety. To allow the
regulatory authority to obtain a good overview of future plans, the licensee is
required to make available, and keep updated, a programme of the planned
operations and modifications foreseen in the next year.

After each internally authorized operation or modification has been
implemented, a feedback document must be prepared by the licensee and sent
to the regulatory authority. This allows the regulatory authority to increase its
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knowledge of the possible problems that might be encountered for sharing with
other licensees, if appropriate. This feedback document is expected also to
include information such as dosimetry, waste generation and management
routes, etc.

In addition, the safety authority is performing inspections of the whole
internal authorization system to check whether independent assessments and
serious critical reviews are actually being implemented by the licensees.
Inspections are also performed, as usual, within the facilities.

2.4. Framework

Numerous decommissioning licence applications are currently being
assessed for nuclear power plants and research facilities. The licence
termination process has been successfully applied to some small facilities
(accelerators, fuel manufacturing plants, etc). The first feedback from the
internal authorization system is very encouraging. The safety cases that are
internally authorized are often of a very good quality and independent
assessors and committees take their roles very seriously because of the respon-
sibilities involved. This has also allowed a much wished for ‘safety empowering’
of the licensees. While licensees are legally responsible for safety, in the past,
they tended to rely too much on the assessments of the regulatory authority.
The new system also allows the regulatory authority to focus its attention and
resources on a number of issues that are judged to have major importance for
safety. Internal authorization systems become a necessity when there are
numerous and simultaneous decommissioning projects in the country.

However, some difficulties have been experienced with the implemen-
tation (and the application) of the new regulatory system:

— It is sometimes difficult for the operator to have an overview of the
overall decommissioning project, especially for large facilities;

— The safety documentation must reflect the actual state of the facilities,
which is not easy to ensure, because of the rapid pace of changes within
facilities under decommissioning;

— Immediate decommissioning requires routes for the management of all
types of radioactive waste.
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3. SAFE TERMINATION OF PRACTICES
3.1. The French approach for radioactive waste management

It should be first recalled that in France there is no universal clearance
threshold below which a radioactive waste can be considered as no longer
constituting a radiological hazard.

The radioactive waste management is based on a zoning system at each
nuclear facility. Waste zoning, which is separate from radiation protection
zoning, but consistent with it, is done for the purpose of discriminating the
zones of a nuclear site where the waste is radioactive or likely to be radioactive.

Waste zoning consists of dividing the buildings and rooms of a facility into
two types of zones:

— The ‘nuclear waste zones’ within which the waste produced may be
contaminated or activated. Waste from these zones is called ‘nuclear
waste’, divided into high level (HLW), medium level (MLW), low level
(LLW) and very low level (VLLW) waste.

— The ‘conventional waste zones’ within which the waste produced cannot
be contaminated or activated. Waste from these zones is called ‘conven-
tional waste’.

Any premises or parts of premises in which there are physical boundaries
or barriers that can be considered to prevent any transfer of contamination
between the exterior and the interior of the zone thus defined can be
considered as a zone. These provisions are detailed in note SD3-D-01 [3]. In
buildings or ‘zones’ where the activation or migration of contamination is
suspected, the building structures — concrete walls or metallic structures — are
themselves considered to be ‘nuclear waste zones’. The clean-up of these
building structures is now covered by a specific regulation.

3.2. Regulatory framework for the complete clean-up of facilities

As already stated, the complete clean-up of facilities being decommis-
sioned is the regulator’s favoured option. The safety authority issued a
regulatory document at the beginning of 2006 stating its requirements for the
clean-up of building structures (e.g. concrete walls) which may contain artificial
radioactivity, mainly due to activation or contamination migration phenomena.

When an operator wishes to remove all the active parts of a building
structure in order to declassify a ‘radioactive waste zone’ in a ‘conventional
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FIG. 2. Strategy for the clean-up of surfaces.

waste zone’, he/she must develop a methodology based on the defence in-depth
concept.
Three independent and successive defence lines must be implemented:

— Based on a knowledge of the facility (its history, past incidents,) and a
knowledge and quantification of the physical phenomena (activation or
contamination migration), the operator must define a clean-up depth
(within the structure), which will be applied during clean-up operations.
Uncertainties must be taken into account by adding a precautionary
margin to the clean-up depth (Fig. 2).

— The remaining structure must be checked to determine if it meets the
clean-up objectives.

— All waste that is removed from the site must be checked.

As there are no universal clearance levels in France, the clean-up
objectives set by the operator may be justified on the basis of residual impact
assessment. The clean-up methodology must be presented to the ASN three
months before the beginning of the clean-up operation. This methodology
should include all relevant information concerning structural stability, the
protective measures to avoid the spreading of contamination, the waste
management, and the monitoring measures. All of these new provisions are
detailed in Ref. [4].

On the basis of a results report, which includes the amount of waste
generated, a map of the residual radiological situation, and all relevant
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information to prove that the clean-up objectives have been met, the ‘nuclear
waste zone’ can be declassified to ‘conventional waste zone’. This declassifi-
cation must be approved by the ASN. When all the ‘nuclear waste zones’ of a
facility have been declassified to ‘conventional waste zones’, the facility itself
can be declassified (that is, it no longer has the administrative status of ‘basic
nuclear installation’). If the remaining building structures are subsequently to
be dismantled, the generated waste will be considered as conventional waste. It
has to be noted that the ‘green-field’ condition is not required as an end-state
by the ASN.

3.2.1. Examples of declassified facilities or buildings

Even though 18 facilities have been declassified since the beginning of the
1980s, only two of them have been declassified under the new regulatory
framework. In 2005, a CEA circular particle accelerator was declassified, after
4 years of decommissioning operations. The declassification decision was taken
by the ASN — on behalf of the ministries of industry and environment — on
the basis of:

— A detailed report of the whole decommissioning project;
— A demonstration that the intended end-state had been reached;
— A residual impact assessment.

The ASN policy regarding declassification of nuclear facilities is to ensure
that information about the past use of the site is transmitted to all future
landowners. This information is registered in the fiscal land files. If needed,
other restrictions may be registered, depending on the end-state of the facility
after decommissioning.

Within the framework of the decommissioning of the EL4 reactor, EDF
undertook to clean up some specific buildings. The cleanup of building
structures of the basement of the STE building was performed according to the
methodology described previously. The analysis of the history of the STE
building indicated that a past incident involving liquid contamination had
occurred. The initial assessment concluded that the incident had only caused
the surface contamination of the structures. However, after the first cleanup
operations, it was shown that the liquid contamination had migrated into the
structures and required a much more comprehensive cleanup. After having had
to provide supports avoid the collapse of the building, EDF finally abandoned
the clean-up works and chose to treat the remaining structures as nuclear
waste.
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4. CONCLUSION

Since the beginning of 2003, the nuclear operators in France have
submitted numerous decommissioning plans to ASN in accordance with the
guidelines of the new regulatory framework. These decommissioning plans are
currently being reviewed by the ASN. They deal mainly with facilities that have
been closed for several years, but for which the operators had not started the
regulatory authorization procedures. This represents a considerable effort on
the part of the operators to declassify these closed installations as rapidly as
possible.

The coming years will therefore be devoted to intense regulatory and
supervisory activity on nuclear installation decommissioning.

The prospect of partial privatization of some of the larger operators
(EDF and AREVA) requires a system to be implemented which guarantees
that sufficient financial funds will be available to finance the decommissioning
of the facilities and provide for waste management. ASN will exercise
particular vigilance on this point.

During 2005, extensive work has been conducted on waste management
and decommissioning financing both in France and in the European Union. In
relation to funding the ASN emphasises the following points:

— The financial resources must be sufficient. The amount of money
collected in funds must be available when needed; this implies that the
future expenses must be assessed as accurately as possible. The funds
must be protected against any other uses.

— The system must be formalized: for this purpose, a legal and regulatory
framework to cover the different aspects of the problem must be estab-
lished.

— The process for the control of the funds must be established and imple-
mented.

— A transparent process for complete and clear communication with the
public must be established.

These different points have been introduced into the transparency and

nuclear safety law project, currently under discussion by the French
Parliament.
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DISCUSSION

G. YADIGIAROGLOU (Greece — Chairperson): I assume that in
France, with its ambitious nuclear power programme, there are no problems
regarding what to do with the operating personnel of plants which have been
shut down and are soon to be decommissioned. Are such people transferred to
still operating plants or offered jobs connected with the decommissioning?

D. CONTE (France): In France, although nuclear power plant decommis-
sioning is a fairly new field of activity, there are already many people working
in that field. As there is a future for nuclear power in France, the operating
personnel of plants that have been shut down do not have employment
problems.

R. COATES (IAEA): In France, is immediate decommissioning a
regulatory requirement or a preferred option?

D. CONTE (France): For the nuclear safety authority it is a preferred
option, and we hope that decommissioning operations due to be carried out
soon will demonstrate that safe immediate decommissioning is feasible.
However, we are adopting a case-by-case approach — if it appears that diffi-
culties are likely to arise, we shall consider whether there is a need to adapt to
the particular situation.

N. ARKHANGELSKY (Russian Federation): What was the reason for
the decision to ‘denuclearize’ the Fontenay-aux-Roses and Grenoble sites?

D. CONTE (France): The Fontenay-aux-Roses site is close to Paris and
the Grenoble site is almost within the city of Grenoble, so it was decided that
new facilities would not be built at those sites but at Cadarache and Marcoule,
both of which are far from large population centres.
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Abstract

The approaches to the management of the operational phase and the decommis-
sioning phase of nuclear power plants are fundamentally different. The management of
operating reactor plant is focused on managing the steady state situation with emphasis
on the containment of the nuclear matter in the core, while decommissioning is focused
on managing an ever-changing situation comprising a number of projects with the safety
emphasis moving from nuclear safety to conventional safety for which the continued use
of operational arrangements is regarded as unsuitable. Moreover, these arrangements
are not tailored to the new build and commissioning activities required for some decom-
missioning and waste management activities. Recent changes in the ownership of the
nuclear sites in the United Kingdom and the introduction of competition are prompting
contractors to look for more innovative ways of decommissioning with the aim of accel-
erating programmes. Any benefits will be limited if the arrangements under which the
projects are managed are not similarly challenged. This paper summarises the approach
being taken by British Nuclear Group to improve its arrangements for achieving regula-
tory compliance in the context of decommissioning programmes. British Nuclear Group
is a specialist site management and nuclear clean-up business focused on the delivery of
accelerated nuclear clean-up programmes, safely and cost-effectively for its customers in
the UK and overseas. British Nuclear Group, (Reactor Sites) is the managing contractor
for the Magnox reactor sites, five of which are being decommissioned, and one of which
is shut down and being defuelled.

1.  BACKGROUND

The regulatory regime in the United Kingdom is essentially based on
‘goal setting’ with the aim of prompting licensees to make and implement
adequate arrangements for compliance. This means that the arrangements are
not prescribed and, instead, it is for the licensee to determine how best to meet
the requirements [1]. Typically, a licensee develops a compliance matrix, setting
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out the compliance requirements and the means by which these requirements
will be met, identifying those persons responsible for ensuring compliance and
referencing the principle implementation documents. In this way, the matrix
provides a ‘road map’ for licensee and regulator to manage and inspect
compliance, respectively.

Throughout the life cycle of nuclear power plants, the licence require-
ments remain the same. During operation of the plant, the compliance arrange-
ments remain essentially unchanged, but there is a process of continuous
improvement, which usually leads, over time, to improved arrangements. The
improvements are generally made as a result of lessons learned from events
which have occurred during the life of the nuclear plant. Operational staff
follows standard procedures and practices, which are subject to periodic review
and are revised only as necessary. The organizational structure may change
from time to time and overall staff numbers may vary, but the organizational
culture is, broadly speaking, one of familiarity with the ways of doing things as
they have always been done. Overall, the operational phase is about the
management of a steady state, not about the management of change.

In contrast, decommissioning is about the management of change. The
decommissioning of facilities is achieved by means of a set of projects, each a
part of an integrated programme. The objective of the programme is to
progressively reduce the hazard associated with the facilities and to leave the
site either in a benign and quiescent state under a long-term monitoring and
surveillance regime or cleared for possible reuse. Decisions are taken as to
whether to carry out work ‘in house’ or to put the work out to contractors. In
the case of the latter decision, this generally leads to an influx of contractors.
There is less need for specialist nuclear skills in the decommissioning phase
and, instead, industrial skills are required for removing redundant equipment,
machines, etc., from buildings or sites and for demolition activities.

In April 2005, the Nuclear Decommissioning Authority (NDA) was
established to take strategic responsibility for the United Kingdom’s nuclear
legacy. Ownership of the sites was transferred to the NDA and incumbent
owner-operators became contractors overnight. The change also introduced
competition into the decommissioning area and is prompting contractors to
look for more innovative ways of proceeding and delivering their contractual
obligations with the aim of accelerating decommissioning programmes (within
given funding constraints). Any benefits will be limited if the arrangements
under which the projects are managed are not similarly challenged.

The British Nuclear Group is a specialist site management and nuclear
cleanup company which is focused on the delivery of accelerated nuclear
cleanup programmes, safely and cost effectively for its customers in the United
Kingdom and overseas. British Nuclear Group Management Services, manages
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operational plants and is carrying out cleanup operations at the Sellafield site
in West Cumbria and at various Magnox reactor sites in the United Kingdom.

Management Services, Reactor Sites, which manages the Magnox reactor
sites, has responded to the challenge of accelerating programmes not only
through innovation but also by enhancing its compliance arrangements to
better enable the delivery of these programmes. The changes, which are now
being made to the licensee’s company arrangements, are focused on the
management of changes to plant.

2. PRIORITIZING CHANGE

Managing the transition from operation to decommissioning presents
many challenges. The priorities are usually concerned with managing the
expectations of the incumbent workforce and with securing the necessary
regulatory consents to de-fuel and begin decommissioning. Making discre-
tionary changes to the management arrangements are, by comparison, of a
lower order of importance. It could be argued very reasonably that, given the
licence conditions remain the same, the arrangements which ensured
compliance before cessation of generation are likely to ensure compliance
thereafter. However retention of the existing operational arrangements may
lead to non-compliance simply because they are overly complex for the
purpose of decommissioning and emphasize the wrong type of safety culture.
Worse, the arrangements for decommissioning become an obstacle to the
delivery of projects because they are not “fit for purpose’. Some arrangements
for controlling operational reactor plant (e.g. operating rules, safety
mechanisms) could be totally inappropriate and restrictive in a decommis-
sioning regime. Licensee companies have to address these issues as soon as
possible during decommissioning.

3. PROJECT MANAGEMENT APPROACH

Changes to operational plant arrangements are managed through modifi-
cations under Licence Condition (LC) 22 (Modifications). This requires classi-
fication and the preparation of a safety case. It was under these arrangements
that the decommissioning of the Magnox sites was undertaken, i.e. the removal
of plant was treated as a modification.

There are two main reasons why this approach is now regarded as
unsuitable for decommissioning. Firstly, the same level of rigour used for
operational activities at the nuclear reactor was often being applied to decom-
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missioning activities. The high hazard, high risk consequences associated with a
hot pressurized reactor at power is very different from the situation during
decommissioning activities, where the nuclear hazard and risk consequences
are much lower. For decommissioning activities and their lower nuclear hazard
and risk consequences, this level of scrutiny should not be necessary. The
emphasis should be on the management of other risks. Secondly, the existing
arrangements are not tailored to the new build and commissioning activities
which are part of some decommissioning and waste management activities. For
this type of work, a project management approach rather than a safety case
approach is needed. Previously, the work was being driven by the safety case
around which the project management arrangements were made rather than
the other way around.

The arrangements are also considered to be inappropriate by the Nuclear
Installations Inspectorate (NII). Last year, it was agreed with the NII that the
work would be better managed under LC 35 (Decommissioning). These
arrangements, which had, until then, not been fully developed, now refer to
decommissioning plans, regulatory schedules and project management
procedures. They do not refer to safety cases. This change of focus from a safety
case to a project management approach is acknowledged as requiring a cultural
change throughout licensee and regulator organizations.

A project management approach is now being adopted for all decommis-
sioning work. Furthermore, other improvements are being made to simplify the
current arrangements. For example, the use of lifetime plans for the purposes of
defining the decommissioning programme will remove the need for other types
of plan in which the same arrangements for managing projects were used
irrespective of the type of decommissioning activity. The safety documentation
required is also simplified.

Taken together with the Regulatory Schedule!, a subset of the life time
plan setting out the regulatory deliverables and milestones and providing for a
clear understanding of the commitments made by operator and regulator, these
changes should greatly improve the delivery of decommissioning programmes.

4. APPLICABILITY AND IMPLEMENTATION

Some illustrations are provided in the following paragraphs to explain
how the new arrangements will to be implemented.

! Effectively a subset of the lifetime plan detailing activities of interest to
regulators.
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OPERATION DEFUELLING DECOMMISSIONING
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FIG. 1. Changes in the emphasis on engineering during different stages in a site’s life
cycle.

Figure 1 shows the changes of emphasis in moving from the operational
phase to the decommissioning phase (how the emphasis moves from
operations, where the nuclear engineering requirements dominate, to decom-
missioning, where project management requirements become very important).
The top of the diagram shows potential overlaps with some work related to
defuelling or to decommissioning commencing during an earlier stage. The
figure emphasises the increased importance of project management in driving
progress in decommissioning and thereby reducing the hazard and risk. It also
illustrates changes from the use of nuclear engineering standards to ‘fit-for-
purpose’ standards commonly used by industry as the nuclear hazard is
reduced. This change does not affect the standards for radiological protection
or for the control of radioactive material which remain valid for all work where
there is a radiological hazard or where radioactive material is involved. A
common set of criteria for categorizing the nuclear safety significance of
proposals will be applied to both generating and decommissioning sites.

Figure 2 shows how the transition from the use of arrangements under LC
22 to arrangements under LC 35 will be made at sites where no new build is
involved. As an example, a reactor defuelling machine, once it is no longer
required and has been emptied of fuel and of any reactor components, will be
isolated from the system (under LC 22) and made available for decommis-
sioning (under LC 35). This removes any ambiguity as to the state of the plant
or as to which licence condition the plant activity is being managed under.

Figure 3 illustrates the applicability of different licence conditions to
decommissioning projects which have new build components. This again
removes any ambiguity as to the state of the plant or as to which licence
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FIG. 2. Proposed use of licence conditions for a decommissioning project confined to
deplanting and demolition.
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FIG. 3. Proposed use of licence conditions and use of site documents in decommissioning
projects, including those involving new build such as the recovery, processing and storage
of waste.

condition the plant activity is being managed under. The arrangements for
compliance will, however, all use the same set of project management
procedures, thereby simplifying the process considerably.

5. HOLD POINTS

The use of ‘hold points’ (points at which the project must be halted to
obtain permission to proceed further) in any project is good management
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practice. Regardless of the safety aspects, a number of internal hold points will
be placed in the programme to control the work. For some projects, regulators
would expect to identify, from within any set of hold points, those requiring
their agreement before work could proceed. For other projects there may be no
hold points of interest to regulators.

It is expected that information about all the project-determined hold
points would be provided to the regulators at an early stage. Regulator
determined hold points would be expected to be targeted at: (i) confirming that
all prerequisites are in place before work of particular safety significance
proceeds, e.g., gaining access to vaults for operational waste recovery; and (ii) a
review of uncertainties existing at the start of a project, e.g. uncertainty as to
the nature, amount, and physical condition of waste within a vault. Regulators
recognize that decommissioning work is likely to be subject to more initial
uncertainties than work to support a site in its operational phase. It is expected
that regulators will be primarily interested in projects of safety significance,
those that are new or novel, and situations where they have a lack of
confidence in the licensees’ arrangements, based on previous experience of
similar work. If there is a clear understanding in advance of the commencement
of work of which aspects of projects the regulator is interested in, and which
hold points (if any) are appropriate, both parties should then understand the
basis for any intervention. All parties are agreed on the benefits of a ‘no
surprises’ approach.

Regulators would not be expected to formally review the project
management arrangements, as they would effectively assess them on the basis
of the outcomes of the work programme. They do however see it as very
important that the licensee demonstrably complies with his/her own processes.
Failure to do so would be expected to prompt action by the regulator.

6. SAFETY ASSESSMENT

The new approach does not negate the need for safety cases but the
nuclear safety considerations should be relatively simple given the reduced
nuclear hazards, the much reduced schedule of nuclear safety related
equipment and the reducing number of interdependencies between different
plants on a site as the decommissioning progresses.

The detail of the assessment (and the level of scrutiny) should be propor-
tionate to the level of hazard and risk. This principle is not new; however, the
application has varied. There have been instances in which nuclear safety risks
have been overstated and, as a consequence, overly detailed safety submissions
have been developed. While our processes require review in this respect, it is
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thought likely that the difficulties have in part arisen from misapplication/
misinterpretation rather than the processes themselves. This indicates a need
for re-training in the application of the processes. Examples of the
management of projects under the new arrangements are intended to help the
understanding.

When considering the categorization of work activities, a consistent
approach should be adopted throughout the life cycle of the nuclear plant.
Nuclear hazards and risks are reduced considerably at the cessation of power
generation, further on the completion of defuelling and progressively
thereafter. Activities which would have been assigned a low nuclear safety
categorization during the early life cycle phases should be assigned the same
categorization during decommissioning.

The rigour of the safety assessment will depend on a number of factors.
The key factors are: whether the activity is new build, a modification to
operational plant or decommissioning; whether the activity involves radioac-
tivity; and whether the activity constitutes a hazard to adjacent plant. For new
build, the capital investment and the commercial risks involved must also be
considered. Any expenditure on safety related plant and equipment, for which
an ‘as low as reasonable practicable’ (ALARP) case cannot be made, should
require robust justification.

A ‘holistic’ approach should be adopted where conventional as well as
radiological and nuclear safety risks are considered. There has been a tendency
for compartmentalization leading, for example, to safety case authors and
assessors giving undue attention to nuclear safety considerations whilst paying
insufficient attention to the industrial safety aspects.

7.  TRANSITION

The transition to the simplified arrangements for decommissioning is
intended to be made once it has been demonstrated by means of a revised
safety case that the consequences of faults at the plant would be sufficiently low
to permit the transition.

The LC 22 (Modifications) arrangements will still be available to sites
under decommissioning. This is to allow for changes to continuing operational
plant, e.g. active effluent treatment plant, to be managed as modifications just
as they would have been managed during the generation phase.
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8. CONCLUSIONS

The approaches to the management of the operational phase of nuclear
reactor plants and the decommissioning phase of such plants are fundamentally
different. The decommissioning of reactor plants is about managing largely
discrete projects for which operational arrangements are inappropriate.

Licensees within the United Kingdom may determine how best to make
and implement their arrangements to demonstrate compliance with licence
conditions. It is incumbent on them to ensure these arrangements remain
appropriate for the existing circumstances throughout the life cycle of the
nuclear plant.

Any benefits from innovative ways of working will be limited if the
arrangements under which the projects are managed are not similarly
challenged.

Adopting a project management approach, as opposed to a safety case
approach, increases the likelihood that decommissioning programmes will to
be delivered according to plan, schedule and cost. There should be no adverse
risk to safety provided that the project management arrangements take
adequate account of hazard and risk as part of the safety assessment.

British Nuclear Group, within its Reactor Sites business, has responded to
this challenge by reviewing its compliance arrangements through a process of
consultation with the regulators and is now making changes to improve the
implementation of decommissioning programmes.
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DISCUSSION

G. YADIGIAROGLOU (Greece — Chairperson): How is financial
provision made for decommissioning in the United Kingdom?

K. SPOONER (United Kingdom): Generally, making financial provision
for decommissioning used to be a governmental responsibility. With the priva-
tization of the nuclear industry, the Government has endeavoured to ensure
that the new private companies have ‘ring-fenced’ decommissioning funds
available to them.

As my company is now a contractor, not an owner—operator, it gets its
funding from the Nuclear Decommissioning Authority.

130



MAIN ISSUES OF RUSSIAN RESEARCH
REACTOR DECOMMISSIONING

N. ARKHANGELSKY

Federal Atomic Energy Agency (Rosatom),
Moscow,

Russian Federation

Email: narkhangelskij@uvryo.faac.ru

Abstract

The paper presents the current status of the decommissioning of research reactors
in the Russian Federation. Several examples highlight the basic problems for their
decommissioning in the Russian Federation, such as: the management of spent nuclear
fuel; the management of special coolants; funding issues; ageing of the personnel; social
aspects; and the loss of knowledge. The lessons learned from the decommissioning of
Russian research reactors are presented in the paper. The regulatory aspects of the
decommissioning process, such as the need for good interaction between the operating
organization and the regulatory body and the preparation of adequate technical and
regulatory rules for all decommissioning stages are discussed.

1.  CURRENT STATUS OF THE DECOMMISSIONING OF
RESEARCH REACTORS IN THE RUSSIAN FEDERATION

The first research reactor in the Russian Federation reached criticality on
25 December 1946 in the Kurchatov Institute, Moscow. Since then, many
reactors have been constructed in the country; the peak of the construction
being in the 1960s. The age of almost all of the research reactors that are still in
operation is more than thirty years, and some of them have been operating for
nearly 50 years.

Research reactor decommissioning began to be given priority in the
middle 1980s, when the number of shutdown reactors began to increase appre-
ciably. The reasons for their shutdown were various: failure to meet increasing
safety requirements, end of experimental programmes, financing, etc.

The current situation with respect to shutdown Russian research reactors
is shown in Table 1 [1].

Although the number of shutdown reactors is large, none of those having
a significant power (more than 1 MW) can be considered as being fully
decommissioned.
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TABLE 1. SHUTDOWN RUSSIAN RESEARCH REACTORS
(REACTORS WHICH OPERATED AT 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

Decommissioning is a more acute and costly problem for high power
reactors. The management of the spent nuclear fuel (SNF) and high level
radioactive waste from small power reactors, pulse type reactors and critical
assemblies is rather simple and inexpensive, although in some cases there are
complexities.

1.1. Features of decommissioning of research reactors

The following important features reflect Russian experience in the area
of decommissioning of research reactors:

— The research reactors are situated within large research centres which
include other nuclear and radioactive installations (hot cells, charged
particle accelerators, etc.).

— In many cases the research reactors are located in the middle of large
inhabited districts; this creates difficulties for the transportation of SNF and
contaminated equipment off-site and usually means that the decommis-
sioning costs are higher because of the additional safety measures needed.
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— The research reactors are very old facilities; they were commissioned at a
time when there were secrecy restrictions and demands for high produc-
tivity. For these reasons, adequate attention was not paid to the
maintenance of accurate and detailed design documentation; such
documents are essential for decommissioning.

— The neutron flux density at high power research reactors exceeds that of
nuclear power plant reactors. This has created higher levels of neutron
induced activity in structures adjacent to reactor cores.

— Design features, the materials used in construction, and power levels
differ significantly from one research reactor to another; these factors
complicate the development of harmonized approaches.

— Research reactors have many associated experimental devices, some of
which present special complexities for dismantling (for example,
horizontal experimental channels, loop and rig channels for material
testing).

1.2. Basic problems in decommissioning research reactors
The basic problems in decommissioning research reactors are as follows:

— The spent nuclear fuel assemblies of research reactors have variable
characteristics. In addition, there are many experimental and exotic fuel
elements and assemblies. In many cases, the SNF of shutdown reactors
remains in storage at the research reactor sites and the prospects for
reprocessing are unclear.

— Despite the fact that a number of formal decisions have been taken, a real
financial source for decommissioning funding is lacking.

— The development of dedicated equipment for decommissioning is far
from complete. In general, this problem is closely connected to the lack of
funding.

— The regulatory standards are incomplete and inadequate for application
to decommissioning.

— The different coolants that were used in research reactors: heavy water;
sodium (with mercury in some cases); organic materials; (the amount of
contaminants, e.g. tritium, caesium in these coolants can be sufficient to
determine the selection of purification method).

— The ageing of the personnel is creating social concerns and a problem of
loss of knowledge.

The current economic situation in the Russian Federation has resulted in
difficulties in identifying financial resources for the decommissioning of

133



ARKHANGELSKY

research reactors. In the former Soviet Union all research reactors were State
property. They received regular funding for the implementation of research
activities, capital investments and other works; no financial resources were
accumulated for expected or unforeseen works, including decommissioning.

In ‘The Federal Law on the Use of Atomic Energy’ No 170-FZ,
21 November 1995, the nuclear institutes were given the status of operating
organizations which carry out their own programmes of activities, including
decommissioning (or with the support of other organizations). The research
institutes can now 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
operating organizations. The difficult economic situation of the organizations
operating the research reactors means that there is not enough money in these
funds. In practice, after the shutdown of a research reactor, the operating
organization will not have the financial resources for decommissioning and it
will have to find such resources, mainly from the government, i.e., from the
public budget.

The solution to the 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 decommissioning strategy options for research reactors are various.
For example, the IAEA has recommended [2]:

— Immediate dismantling;
— Deferred dismantling;
— Entombment.

In the Russian Federation, the following possible strategies have been
identified (they are close to those recommended by the TAEA):

— Conversion;
— Liquidation;
— Preservation.

Conversion is the change of the experimental or commercial purpose of
the facility to other industrial purposes and the possible use of the buildings,
systems and equipment of the facility for conducting other activities in the field
of nuclear energy. After completion of conversion, a facility can lose its status
as a nuclear installation.
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Liquidation is the complete dismantling of the facility and systems, and
the subsequent use of the facility site, (this excludes the subsequent storage and
disposal of nuclear materials and radioactive substances). After the completion
of liquidation, a facility loses the status of nuclear installation.

Preservation is the shutdown and transformation of the facility to a nuclear-
safe condition, with subsequent storage of radioactive substances at the facility
site and the long-term monitoring of buildings, systems and equipment. After the
completion of preservation, the facility will be either converted or liquidated.

In choosing a decommissioning strategy, first of all it is necessary to
determine what will be the future use of the scientific centre. Nowadays in
Russia, there are practically two answers to this question:

— The centre will be kept as a reactor centre but the size and power of the
facilities will be smaller than before;
— The centre will remain approximately the same for the foreseeable future.

New facilities can be:

— Critical or subcritical assemblies;

— Accelerators;

— Storages of SNF;

— Other nuclear or radiological facilities.

The major factors determining the selection of a strategy are:

— The results of preliminary technical and economic assessments;

— The results of the analysis of alternative options;

— The restrictions on the implementation of alternatives are due to nuclear
safety, radiation protection and ecological safety considerations;

— The availability of an infrastructure for the management of SNF, high
level radioactive waste and other materials generated by the decommis-
sioning work;

— The current and future demands for the use of the territories, structures,
equipment and materials of the decommissioned facilities;

— The practical experience obtained from the implementation of alternative
decommissioning approaches for similar nuclear and radioactive
facilities;

— Estimates of individual and collective radiation doses for the personnel
engaged in the decommissioning work;

— The comparative analysis of the volumes and activities of the radioactive
waste generated by decommissioning;
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— The social concerns of the population living in areas close to the decom-
missioned facility.

2. LESSONS LEARNED FROM THE DECOMMISSIONING
OF RESEARCH REACTORS

Some examples of experiences of the decommissioning of research
reactors of different design, power level and experimental programmes are
given below.

2.1. Reactor TVR at ITEP (Moscow)

The heavy water research reactor TVR was commissioned in 1949,
permanently shut down in 1986 and is now at the decommissioning stage. The
power of the reactor was 2.5 MW.

The basic reasons for decommissioning were the impossibility of
inspecting the reactor structures due to the high neutron flux density and
fluence of the reactor, and also the strong psychological influence of the
Chernobyl accident, which drew attention to the safety of old research reactors
located in large cities (TVR is located in the middle of Moscow).

The SNF was transported from the reactor to the reprocessing plant
‘Mayak’ in 1989-1990.

In the reactor building, the heavy water moderator contaminated by
tritium is still being stored. The problem of the purification of heavy water is
not yet solved.

A decision has been taken to construct a subcritical neutron multiplier 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. As a result, the problem of the heavy water purifi-
cation is not so urgent, since it is possible to re-use it in the new facility.

As a result of this decision, the decommissioning at the reactor TVR
should be completed by the dismantling of only the equipment that will not be
used in the new facility.
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2.1.1. Lessons learned

The strategy of converting the reactor facility to another type of nuclear
or radioactive facility has several advantages for facilities at large nuclear
institutes.

The problem of site restoration is very important and requires additional
efforts, especially when the facility is located in inhabited areas.

The dismantling of heavy weight equipment having high levels of 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.

2.2. Reactors at IPPE (Obninsk)
2.2.1. Reactor AM

Reactor AM [3] is a water graphite channel type reactor. The reactor
power was 30 MW. The date of commissioning was 27 June 1954 and the date of
the final shutdown was 29 April 2002.

The development of the decommissioning project began in 1999. At the
present time, the reactor is at the stage of “operation under the regime of the
final shutdown” according to the licence granted by the regulatory body.

According to “The concepts of decommissioning of the reactor AM with
the creation of the State Museum of Atomic Engineering of Russia” (the AM
reactor was the prototype reactor for the first nuclear power plant) the work
should be implemented in four stages:

— I stage — preparation for decommissioning (2000-2005);

— II stage — preparation for long term storage under monitoring (2006~
2010); this stage includes the partial dismantling and other works
necessary for the confinement of the reactor and any highly active
equipment, the decontamination and dismantling of systems and
equipment not intended for museum purposes, inspection, and, if
necessary, the upgrading of barriers and the construction of additional
protective barriers, and the installation of monitoring systems;

— III stage — long-term storage under monitoring (2011-2080); during this
stage, the radioactivity of reactor structures, systems and equipment is
allowed to decrease through natural decay to a level that will allow
dismantling or unrestricted use;
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— IV stage — implementation of the final work needed for the liquidation
of the reactor.

The duration of III stage (~70 years) will be determined by the remaining
mechanical strength of buildings, the effectiveness of the physical barriers and
of the confinement of the structures, systems and equipment and the residual
activity of the facility.

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.

2.2.2. Reactor BR-10

The BR-10 is a fast research reactor with a sodium coolant. Its power was
8 MW and it was intended for research on the basic technical problems for the
development of fast reactor nuclear power plants.

The date of reactor commissioning was 26 January 1959 and the date of
shutdown was 06 December 2002. At the present time, the reactor is in the
“operation under the regime of the final shut down” according to the licence of
the regulatory body. In 1999, the development of the decommissioning project
for the reactor began and now the project is well under way.

According to “The concepts for the decommissioning of research reactor
BR-107, the work should be executed in four stages:

— I stage — preparation for decommissioning (1999-2007);

— II stage — preparation for long term storage under monitoring (2007—
2015); implementation of partial dismantling, which is necessary for the
confinement of the reactor and the highly active structures, systems and
equipment; the draining, neutralization and recycling of the sodium,
sodium potassium coolant and the cold traps containing sodium oxides;
and the installation of monitoring systems;

— III stage — long term storage under monitoring (2016-2066); implemen-
tation of the long term storage of reactor structures, systems and
equipment to allow the decrease of the radioactive contents of the
structures etc. through natural decay to a level allowing dismantling or
unrestricted use;

— IV stage — implementation of the final work for the liquidation of the
reactor.

The actual duration of the I1I stage (~ 50 years) will be determined by the
remaining mechanical strength of buildings, the effectiveness of the physical
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barriers and of the confinement of the structures, systems and equipment and
the residual activity of the facility.

2.2.3. Lessons learned

It is necessary to develop the decommissioning project as early as
possible. Special attention should be paid to the history of reactor use during
operation and to the issue of coolant cleaning and removal.

Keeping in mind the long period of reactor storage under monitoring
(several decades), it is very important to establish regular procedures for the
financial support of the operational organization.

In the case of the decommissioning of the very old reactors, the distri-
bution of responsibilities between the State, the operating organization and the
regulatory body should be clearly defined.

The problem of site restoration is very important and requires additional
efforts, especially when the facility is located in inhabited areas.

The dismantling of heavy weight equipment having high levels of 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.

2.3. RIAR reactors (Dimitrovgrad)
2.3.1. Reactor ARBUS

ARBUS was commissioned in 1963 and permanently shut down in 1988.
This reactor is a tank type, organically cooled reactor; its power was 12 MW.

The SNF has been unloaded from the core. Most of the SNF is still in
storage at RIAR. Till now the big part of the SNF is still stored at the RIAR
site due to insufficient funding for its proper management. RIAR has a
centralized system for the storage of SNF from all reactors at the institute
(eight reactors, including six in operation and two shut down) and also for the
storage of radioactive waste. The SNF storage capacity is now limited and it is
necessary to transport the spent fuel assemblies of the reactor ARBUS to the
reprocessing plant very soon.

After decontamination and dismantling of the equipment, the reactor
building will be used for another type of radiation facility.
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2.3.2. Reactor RBT-10/1

Reactor RBT-10/1 was commissioned in 1984 as an experimental instal-
lation for materials testing experiments. The reactor used the fuel assemblies
discharged from the SM high flux reactor.

Since 1994, with the end of the experimental programme, the reactor was
shut down and since then it has been at the stage of ‘extended shut down’. The
technical conditions of the equipment and the systems of the reactor are in full
compliance with the requirements of the design and operational documen-
tation.

In the absence of new ideas about the possible experimental utilization of
the reactor, a decision about the final shutdown of the reactor was taken by
Rosatom.

Out of several possible options for the decommissioning of the RBT-10/1
reactor, the most acceptable option appears to be the partial dismantling of the
rooms and equipment of the old reactor to allow for the improvement of the
operational characteristics and experimental opportunities associated with 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 RBT-10/1 reactor, the strategy of the conversion of the
reactor facility to another type of nuclear facility is attractive because it allows
the rooms and equipment of the shutdown reactor to be used for conducting
other activities in the field of nuclear energy.

The management of SNF is a costly problem and will require constant
and lengthy efforts to reach a solution.

2.4. Some general lessons learned from the decommissioning
of Russian research reactors

First of all, it is necessary to develop a system of adequate technical and
regulatory rules to cover all decommissioning stages. In Russian Federation,
there is such a system especially for the decommissioning of research reactors
but it needs to be constantly upgraded taking into account new social
challenges, new safety requirements and technological progress.

The interaction between the owner—operator of the reactor and the
regulator must be very close keeping in mind that the technical, economical
and political situations can change during the very long decommissioning
process. The licensing procedure must recognize all aspects of the decommis-
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sioning process and the requirements of the regulator must be clear to the
operator.

According to the main Russian nuclear law, the operating organization is
fully responsible for all aspects of decommissioning. However, the responsibil-
ities of all stakeholders concerned with decommissioning activities and the
distribution of responsibilities in the decommissioning process must be defined
more clearly. The role and the responsibility of the State, in the case of the
decommissioning of research reactors, should be greater than in the case of the
decommissioning of commercial nuclear power plants, because the research
reactors are state property and, as a rule, have no adequate financial resources.

The creation of a consolidated decommissioning fund within the nuclear
industry is a preferable option for the funding of the decommissioning of
research reactors rather than the individual decommissioning funds approach
used by operational organizations.

Interaction with public organizations is a very important aspect of decom-
missioning. Without the support of public opinion, it can be very difficult to
obtain the necessary funding and to reach an adequate solution.

3. CONCLUSION

The following conclusions can be drawn from the analysis of the
implemented and planned decommissioning of research reactors in the Russian
Federation.

Many of the research reactor fuel types create technical and financial
difficulties. A long time is required to provide safe storage conditions for the
fuel and/or to transport it to the reprocessing plant. For some kinds of SNF no
technical decisions have yet been made.

The financing of decommissioning is the key problem. The available
options are appropriate for profitable enterprises and reactors that are
expected to remain in operation for many years. The solution of the problem
could be the establishment of a consolidated decommissioning fund for the
whole nuclear industry.

In Russian conditions, the most preferable decommissioning strategy is to
postpone a final decision or to implement the conversion of the reactor to
another type of nuclear or radiation installation. This implies that any viable
strategy requires sufficient resources to maintain the installations in safe
condition for a long period of time.
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PANEL DISCUSSION
Session 2

REGULATION OF DECOMMISSIONING ACTIVITIES
Chairperson:  G. YADIGIAROGLOU (Greece)

Members:  D. CONTE (France)
S. KARIGOME (Japan)
A. PERSINKO (United States of America)
K.G. SPOONER (United Kingdom)
M. ZIAKOVA (Slovakia)

G. YADIGIAROGLOU (Greece — Chairperson): I invite the panellists
to respond to the question ‘How should one grade the regulatory activities
related to decommissioning (e.g. according to facility type, the hazard
potential, the complexity of the decommissioning activities)?’

D. CONTE (France — panellist): Under a law passed in France on 13
June 2006, the needs associated with decommissioning must be taken into
account from the very outset of a nuclear facility project.

As 1 said earlier, we are adopting a case-by-case approach, so that,
although our preferred option is immediate dismantling, what is done depends
on the circumstances at the particular facility.

S. KARIGOME (Japan — panellist): I shall start by briefly describing the
decommissioning situation in Japan.

Several small research reactors have already been decommissioned, and
our first commercial power reactor, Tokai-1 (a gas cooled reactor) shut down in
1998, is currently being decommissioned. In addition, preparations are being
made for the decommissioning of the Fugen Nuclear Power Station, which was
shut down in 2003. Also, valuable experience was gained during the decommis-
sioning of the Japan Power Demonstration Reactor.

Of the 55 light water reactors currently operating in Japan, four have
been in operation for over 30 years, and the intention is to shut them down
around 2010. As regards the other ones, their operating lives are to be at least
40 years.

My response to the question put by the Chairperson is that, in my view,
the regulatory activities related to decommissioning should be graded
according to hazard potential, which will change as the decommissioning
operations proceed.
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M. ZIAKOVA (Slovakia — panellist): We are already decommissioning
our first nuclear power plant, the A-1, which went into operation in 1972 and
was shut down permanently in 1977 after an accident. Also, we are planning to
shut down our nuclear power plant V-1 (consisting of two WWER-440 units
with V-230 reactors).

As regards other facilities, last week a licence was issued for the decom-
missioning of an experimental incinerator and an experimental bituminization
plant.

We shall therefore soon be decommissioning very different types of
facility requiring very different approaches. Consequently, I am in favour of the
grading of regulatory activities related to decommissioning.

A. PERSINKO (United States of America): I should like to start by
asking “Why grade in the first place?’ Grading is done in order to make efficient
use of limited resources and to ensure that the site has been cleaned up suffi-
ciently to allow it to be used in the future for some purpose or other.

Conceptually, what we are trying to do is to hold the residual risk at the
site at some constant acceptable level across all facilities. By doing so, we would
then be applying our limited resources efficiently. In this context, ‘risk’ is
defined as the probability of an event occurring multiplied by the consequences
of that event occurring. This means that, as the hazard or complexity of a site
increased, more actions would be taken or more controls would be imposed in
order to reduce the consequences or the likelihood of a particular scenario
occurring, thus keeping the risk at the acceptable level. In the USA, we do not
require rigorous risk analyses or probabilistic risk assessments for the decom-
missioning of facilities.

One method that could be used for sites (and it is a method used in the
USA for material sites) is to grade the regulatory aspects of decommissioning
on the basis of the amount of residual radioactive material at the site after
shutdown, the location of the material and the complexity of the activities
needed in order to decommission the site. These factors would help in
determining the degree of cleanup necessary in order to achieve a particular
residual risk level at the site after the site has been cleaned up.

Put in another way, grading really depends on the material type, the
quantity of material and the form of the material when the facility was
operating and on the past management of the facility — are the factors that
affect the hazard and the complexity and the risk.

In doing this, account would have to be taken of specific attributes, such
as fixed versus loose material at the site, the operating history of the site,
whether there had been spills and releases and how well they were cleaned up
when the facility was operating. The half-lives of the radionuclides in the
material would also have an influence. Complexity, in this context, usually
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means aspects such as groundwater contamination, surface versus subsurface
contamination, and buildings contamination.

Also, the desired end state must be considered, because this affects
grading as well. The end state specification affects the amount of cleanup
needed as well as the complexity, because it is more complicated to achieve
restricted release as an end state than unrestricted release.

For material sites in the USA, we have developed a grouping scheme
based on the attributes about which I have just spoken. We have come up with
seven categories in increasing hazard based on the materials, forms and
properties. I mentioned the desired end state. For each group, we have tried to
grade the actions that would be necessary in terms of: the type of environ-
mental review that the facility would receive; the details of the decommis-
sioning plan (and whether a decommissioning plan is even needed); the
number of inspections to be carried out at the site; whether a site-specific dose
assessment is required or whether comparison with some pre-determined
approved screening values is sufficient and the level of detail of the review.

For reactors we do not have such a grading scheme. We have differences
of approach as between, on the one hand, research and test reactors and, on the
other, commercial power reactors. Although we do not have a predetermined
grading scheme for reactors, we would establish the level of detail of our review
based on factors such as the complexity of the site taking account of, for
example, any groundwater contamination.

K.G. SPOONER (United Kingdom — panellist): Grading should take
account of all hazards and risks.

During the decommissioning of reactors, it is most unlikely that a worker
would be seriously harmed as a result of a radiological event. Clearly, different
conditions apply in the case of reprocessing plants, where there may be
significant amounts of residual fissile material. During the removal of
redundant plant from buildings/sites and demolition, it is the conventional
industrial hazards that generally represent the most significant risks to workers.

Thus, a holistic approach should be adopted with all hazards and risk
considered. The grading should be proportionate to the hazard and risk levels,
otherwise emphasis may be placed on the wrong things.

Also, in grading, account should be taken of the interdependences
between different facilities on the site as decommissioning progresses —
changes in one part of a site may affect other parts. At the Trawsfynydd nuclear
power plant site, for example, we inadvertently cut a low-voltage cable and
thereby disabled many of the alarms around the operational waste areas.

The grading of facilities on the basis of their radiological hazard potential
in a manner similar to the approach taken by the national regulator might be
helpful — sites being classified as high, medium and low hazard sites and
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regulated accordingly. Such a classification might help local communities to
understand the changing status of plants that are being decommissioned.

G. YADIGIAROGLOU (Greece — Chairperson): Mr. Persinko
mentioned a large number of criteria. Does the NRC combine them in any
particular way?

A. PERSINKO (United States of America — panellist): No, but we use a
flowchart algorithm to aid decision making for materials sites — the more
complex the site the more attention it receives.

A.J. GONZALEZ (Argentina): During this session on the regulation of
decommissioning activities, the focus has been mainly on dismantling — on
destroying what has been built in the past. It is fortunate that the ancient
Greeks knew nothing about decommissioning. Otherwise, we would not be
able to enjoy Athens as much as we do.

Perhaps the panellists could say something about what regulatory
approaches would be best for recycling in the interests of the sustainability of
the nuclear industry, for in my opinion there will be no expansion of the nuclear
industry if we simply dismantle.

K.G. SPOONER (United Kingdom — panellist): In response to Mr.
Gonzdlez’s comment about Athens, I would say that whatever one wishes to
leave must be maintained at least to some extent — and maintenance costs
money. So, funding arrangements have to be made.

In the United Kingdom, we are required, both by the nuclear regulator
and by the environmental regulator, to take account of all aspects of recycling
and sustainability in our decommissioning activities.

D. CONTE (France — panellist): Dismantling is the preferred option of
the regulator in France, but there is no compulsion to achieve green field status.
It is expected that many of the CEA sites are expected to be used for industrial
projects after they have been cleaned up and all radioactive waste has been
removed.

A. PERSINKO (United States of America — panellist): In the USA, sites
are recycled, but deciding what is to be done with a decommissioned site is the
prerogative of the operator — not of the regulator. The job of the regulator is
to determine whether the site has been cleaned up sufficiently for the chosen
future use.

A recent example of site recycling is the recycling of a nuclear site decom-
missioned earlier this year for use as a petroleum storage facility.

S. KARIGOME (Japan — panellist): In Japan, we apply a green field
strategy.

M. ZIAKOVA (Slovakia — panellist): Sustainable recycling is connected
to dismantling process and requires good processing technology. In the case of
the WWER units that we are going to decommission, a study has shown that,
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with the right technology, it will be possible to decontaminate them to almost
100% (except for the spent fuel, of course).

There is an economic incentive for operators as the more waste you
create the more you pay. Operators therefore proceed very carefully so that
there is minimum radioactive waste at the end of the operating lifetime of the
facility.

D.W. REISENWEAVER (United States of America): Nuclear power is
by now part of our heritage, and I was wondering whether there was any
requirement in any decommissioning regulations that certain decommissioned
facilities be preserved so that future generations may see what such facilities
used to look like. If the ancient Greeks and Egyptians had decommissioned the
great structures put up by them, there would be no Acropolis or pyramids now.

A. PERSINKO (United States of America — panellist): I do not know of
any such requirement. At the NRC, however, we have extensive historical
information about decommissioned facilities, and from that information —
which is available to the public — it should be possible to recreate their
construction history.

One lesson which we learned from the decommissioning of the Big Rock
Point nuclear power plant was that we should have consulted more thoroughly
with the Historical Preservation Officer of the State of Michigan.

K.G. SPOONER (United Kingdom — panellist): Consideration is being
given in the United Kingdom to preserving one of the Calder Hall reactors and
also to creating a national nuclear archive.

S. SAINT-PIERRE (World Nuclear Association): Reverting to the
question of sustainability, I would say that sustainability implies the reuse of
sites and the reuse of materials, including waste. That does not fit very easily
within the rigid regulatory framework applied in the case of construction and
operation. You cannot license decommissioning and reuse with the mindset
necessary when licensing construction and operation.

G. YADIGIAROGLOU (Greece — Chairperson): I suggest that the
panellists bear that comment in mind when responding to the question ‘How
much flexibility can be allowed in the regulation of the decommissioning of
facilities?’.

K.G. SPOONER (United Kingdom — panellist): In the United Kingdom
there is considerable flexibility in the regulation of decommissioning. It is up to
licensees to make and implement their own arrangements for compliance —
there are no prescribed arrangements. Typically, therefore, a licensee develops
a compliance matrix setting out the requirements and the means by which
those requirements are to be met.

Reverting to the question of sustainability and reuse, sometimes the best
of plans do not come to fruition. For example, a lot of effort has been put into
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promoting the post-decommissioning conversion of the site of the Berkeley
Nuclear Power Station into a business park, but there has been little or no
response. Consequently, we are now pressing on with the demolition of
buildings and the clearing of engineering facilities.

A. PERSINKO (United States of America — panellist): In the USA
there is a great deal of flexibility, although less so for material sites than for
reactors.

The NRC tries to achieve a balance between decommissioning efficiently
and ensuring that the site is adequately cleaned up for its intended future use. It
is concerned about the end state rather than the process of arriving at the end
state.

In the case of reactors, a great deal of decommissioning work can be done
under the operating licence without NRC approval. In fact, the licensee can
decommission the facility completely without NRC approval. The licence to
operate is, of course, issued by NRC, but changes in the technical specifications,
which are part of the licence; to reflect the change from operation to decom-
missioning, do not require NRC approval. Before decommissioning begins, the
reactor operator is required to submit a post-shutdown decommissioning
activities report (PSDAR) dealing with things such as the nature of the decom-
missioning activities, the schedule for their completion, the estimated costs and
the environmental impacts. There is no requirement that the PSDAR be
approved by the NRC. The PSDAR is made publicly available, and a public
meeting is held on it. NRC regulations contain a so-called ‘50.59 provision’
under which a licensee can make changes to a facility without NRC approval if
they will not result in a risk increase or in a new type of potential accident.

However, there are restrictions. The licensee cannot carry out decommis-
sioning activities that would foreclose unrestricted release or result in an
environmental impact not previously reviewed. Also, the licensee may not do
anything that would result in a shortage of funds for decommissioning. If a
licensee wishes to deviate from the PSDAR, the NRC must be informed. But
after the lapse of 90 days following submission of the PSDAR, the licensee can
withdraw money from the decommissioning fund and start decommissioning.

Later on, a licence termination plan must be submitted to the NRC, and it
has to be approved by the NRC before the licence can be terminated. The
cleanup levels (the derived concentration guideline levels) are established and
the final status survey plan is described in the licence termination plan. When
approving a licence termination plan, the NRC does not specify any hold points
at which decommissioning must stop pending approval of the next decommis-
sioning step. The results of the final status survey have to be approved by the
NRC.
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A great deal of decommissioning work has already been done on San
Onofre Unit 1 without NRC approval, under the ‘50.59 provision’. In fact, the
licensee plans to completely decommission the site before submitting a licence
termination plan to the NRC. This is a good indication of the high degree of
flexibility that exists in the USA. The licensee still has a an operating licence
that has been modified for shutdown.

M. ZIAKOVA (Slovakia — panellist): As we are responsible for fewer
facilities than the NRC, our thinking is less general — it is oriented towards
specific facilities. Nevertheless, we have some flexibility in the legal framework
to take account of the fact that decommissioning can be deferred for a very
long time. How can one ask the operator for details when dismantling is due to
be completed only in 80 years’ time?

Accordingly, we first require from licensees a preliminary plan for
decommissioning with a general description of the approach and a rough
estimate of the costs. Later, we require a conceptual plan, in which the decom-
missioning operation may be broken down into a number of stages. Then, for
each stage we require detailed information — about the starting point and the
end point, about how the operators intend to proceed from one to the other
and about the timing.

In the decommissioning of the A-1 nuclear power plant, we have had a
rather negative experience and we are following the company involved in this
process almost on a daily basis, using on-site inspectors. But for us it is easy as
we have only one facility and we have a special group of people devoted to
decommissioning and radioactive waste reprocessing management. The
company has the freedom to solve the unexpected problems that arise but the
regulator has the possibility to react and to stop operations if it is considered
that the safety justification is not appropriate.

S. KARIGOME (Japan — panellist): As an operator, I am very much in
favour of regulatory flexibility.

Initially, our regulations were not designed to cover decommissioning —
basically, they covered only nuclear power plant operations. However, they
were amended in December 2005.

Previously, and without any clear criteria, our competent authority asked
us to make a decommissioning plan notification in detail. Here, I would just
point out that clear criteria are always necessary for the regulatory body and
for the operator.

In Japan we now have three tools — the decommissioning plan, the self-
imposed safety rule and the quality management system. The decommissioning
plan and the self-imposed safety rule have to be approved by the regulator, but
the quality management system does not. However, the performance of the
quality management system is inspected periodically.
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In my view, this kind of cooperation between the regulatory authority and
the operator is one way of solving the problem.

D. CONTE (France — panellist): In France, flexibility was introduced
with the decommissioning of research facilities. We established an internal
authorization system, the condition being that the safety case is up to date.

The responsibility for review and reassessment of the facility was given to
an independent committee within the organization. The results are sent to the
safety authority, which can also inspect the system regularly. The results
obtained so far have been quite good.

The approach was extended in 2003 to all EDF facilities being
dismantled, with the same condition — that they must have an up-to-date
safety case. If they stay within the scope of the safety case, they can operate
with an internal authorization. There is an internal committee, independent of
the project, that can judge whether the safety case and the safety conditions are
being respected.

We have also introduced an authorization for decommissioning in stages,
if necessary. When operators have an authorization, they can proceed to the
end of decommissioning without stopping, unless we decide that there should
be some stages in the process.

We have found that the system is more flexible than the previous one and
that progress with decommissioning is quicker.

K.G. SPOONER (United Kingdom — panellist): Flexibility relies on
trust, and operators who demonstrate high levels of self-regulation and
compliance should be rewarded with a ‘lighter touch’ of external regulation,
regardless of the stage in the life cycle of the facility. This is what the environ-
mental regulator in the United Kingdom is working towards. Poor operators,
on the other hand, warrant a ‘heavy-handed’ approach.

G. YADIGIAROGLOU (Greece — Chairperson): Mr. Spooner is right
— if you trust, you can delegate, relinquishing some authority. That is not so
easy in the USA, however, where the process is an adversarial rather that a
cooperative one.

A. PERSINKO (United States of America — panellist): Because of the
way in which the legal system in the USA functions, the process can become an
adversarial one, but that is not the norm. We recognize the competency of
nuclear power plant operators. In fact, I believe that there is a regulation
requiring that we do so.

At the decommissioning stage, once the fuel has been removed, the risk is
much less. And even during the operational stage, ‘decommissioning-like’
activities such as the replacement of steam generators have been carried out at
some nuclear power plants, whose operators have thereby demonstrated their
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competency. Recognizing their competency, we grant them greater flexibility,
which we can do thanks to a change in our regulations made in the mid-1990s.

G. YADIGIAROGLOU (Greece — Chairperson): Decommissioning is
not a high risk procedure, but the general public does not see it that way. Also,
members of the general public speak of the heavy burden being passed on to
future generations, whereas in reality the burden may not be so heavy.

C. MILLER (United States of America): In the USA, the general public
demands that there be no residual radioactive contamination at decommis-
sioned sites. What are the views of the panellists regarding participation of the
general public in the decommissioning process?

D. CONTE (France — panellist): In France there are public inquiries at
which operators have to explain what they plan to do throughout the decom-
missioning process and what the end state is to be. Our aim is that every facility
should be so decommissioned that the site can be restored to the public
domain.

S. KARIGOME (Japan — panellist): We have close contacts with local
governments, and we start decommissioning operations only after the relevant
local governments have agreed to them.

M. ZIAKOVA (Slovakia — panellist): In Slovakia, the conceptual plan
for decommissioning provides for the preparation of an environmental impact
statement and for the holding of public hearings.

In view of the fact that a radiological incident in Slovakia — a small
country in the middle of Europe — could easily have a transboundary environ-
mental impact, we keep our neighbouring countries informed. Pursuant to the
Espoo Convention (Convention on Environmental Impact Assessment in a
Transboundary Context), our neighbouring countries can call for a discussion if
we do not carry out decommissioning work properly, and, pursuant to the
Aarhus Convention (Convention on Access to Information, Public Partici-
pation in Decision-making and Access to Justice in Environmental Matters),
the public is entitled to participate in such discussions.

The regulatory body reports to the Government and Parliament each
year, and its reports are made publicly available on the worldwide web.

K.G. SPOONER (United Kingdom — panellist): The best way to
demonstrate to the general public that a decommissioning job has been done
properly is to walk about the site without any protective clothing.

I have adopted that approach in the past. At the Berkeley Nuclear Power
Station, after we had cleaned out the fuel transfer tunnels we made a large hole
in the wall of one tunnel so that we could walk about inside the tunnel together
with our stakeholders.

It is probably necessary to clear all buildings from the site in order to
really convince the general public that there is no residual hazard.
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A. PERSINKO (United States of America): We go to great lengths to
keep the general public informed during the decommissioning process, with
public meetings on subjects such as our environmental reviews. Also, licensees
are required to convene public meetings on their decommissioning plans.

Mr. Spooner talked about clearing all buildings from the site. However, it
is not always necessary to clear all buildings. For example, in the case of the
Trojan Nuclear Power Plant, the site of which has been released without restric-
tions, there are still buildings standing. It depends on the intended future use of
the site.

Things go fairly smoothly when the aim is unrestricted release. However,
difficulties arise when the aim is restricted release. We are facing such diffi-
culties at the present time with a materials site — the public is expressing its
concern very vocally.

A.M. XAVIER (Brazil): In my view, ‘flexibilization’ must be done with
great care, on a case-by-case basis. In Brazil, for example, there are some
operators to whom flexibility should not be granted.

G. YADIGIAROGLOU (Greece — Chairperson): Why are such
operators in business?

A.M. XAVIER (Brazil): Because the regulatory authority is lax.

D. CONTE (France — panellist): For us, there are not good or bad
operators, but for the internal authorization system it is necessary for them to
be ‘mature’ in relation to the decommissioning process.

For example, when we launched the system there was a trial period. The
internal committee of the CEA was working, but at the same time the IRSN
(Institut de Radioprotection et de Sureté Nucléaire) was also working for us,
and we compared the two sets of results. We had a two year trial period before
we arrived at a mature system. For EDF there is a period of 18 months for them
to bring their system to maturity. When the system is mature within the
organization, it works well.

G. YADIGIAROGLOU (Greece — Chairman): France has traditionally
had an approach different from that of other countries — a non-adversarial
cooperative approach. It works because there is just one utility and just one
regulatory body — not many.

152



PLANNING FOR DECOMMISSIONING

(Session 3)

Chairperson
L. TRIPPUTI
Italy
Rapporteur

A.PERSINKO
United States of America






THE IMPACT OF THE NUCLEAR
DECOMMISSIONING AUTHORITY ON THE
DECOMMISSIONING OF NUCLEAR FACILITIES
IN THE UNITED KINGDOM

J. WILSON

Nuclear Decommissioning Authority,
Cumbiria,

United Kingdom

Email: Janet. Wilson@nda.gov.uk

Abstract

The paper describes the work of the Nuclear Decommissioning Authority (NDA)
which was set up by the United Kingdom in April 2005 to provide the first ever United
Kingdom wide strategic focus on the clean-up of nuclear sites. The NDA establishment
enables the biggest change in the structure of the United Kingdom nuclear industry in
the last 35 years. This paper describes its mission, its strategy and its intended manner of
decommissioning. The NDA mission is to deliver a world class programme of safe, cost-
effective, accelerated and environmentally responsible decommissioning of the United
Kingdom’s civil nuclear legacy in an open and transparent manner and with due regard
to the socio-economic impacts on our communities. This mission shapes the NDA
values. Safety, security and regard for the environment are paramount to the way in
which NDA operates. NDA expects that as it understands the clean-up challenge better,
estimated costs will rise but NDA is confident that by introducing competition and
through innovation it can, over time, drive these costs down. NDA acts openly and
transparently and seeks to generate public confidence in an industry that has, histori-
cally, been seen as secretive and opaque. NDA aims to build a United Kingdom skills
framework that supports decommissioning and cleanup over the long term, while
helping to manage the inevitable socioeconomic change in the communities close to
NDA sites as decommissioning gathers pace. The mission covers several decades but, if
successful, will deliver huge returns. The NDA Strategy for delivery was approved by
the Government of the United Kingdom in April 2006 and is aimed not only to obtain a
better understanding of the task faced, but also to get the work done by a well led,
competent, motivated and equipped workforce in ways that are smarter. The key
messages are that it is important to identify and fund decommissioning costs and learn
the lessons from past waste management. The skills dimension is crucial in the United
Kingdom. Life cycle thinking is needed and predictable, long term waste management
solutions are essential to success.
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1.  BACKGROUND AND SCOPE

The Nuclear Decommissioning Authority (NDA) was set up by the
Government of the United Kingdom in April 2005 to provide the first ever
United Kingdom wide strategic focus on the cleanup of nuclear sites. Its estab-
lishment has brought about the biggest change in the structure of the United
Kingdom nuclear industry in the last 35 years.

The NDA is responsible for the United Kingdom’s civil public sector
nuclear legacy. It is based in West Cumbria, England and has four regional
offices covering 20 nuclear sites across the United Kingdom. It has an annual
budget expenditure in excess of £2 billion and currently it has an income in
excess of £1 billion each year. The total cleanup programme is estimated to cost
over £63 billion and to take around 120 years to complete. Around
20 000 people work on NDA sites.

The 20 sites are diverse; many have facilities on them that were built in
the 1940s but there are also some modern commercial plants. Although decom-
missioning and clean-up is NDA'’s focus, its activities also include Research and
Development, Construction, Reprocessing, Waste Management and Storage,
Fuel Manufacture, Electricity Generation and Transport.

2. DUTIES, MISSION AND DRIVERS

The duties of the NDA are laid out in the United Kingdom Energy Act
2004 and include a duty to: ensure that the civil nuclear legacy is dealt with
safely, securely and cost effectively in ways that protect the environment,
promote competition in the decommissioning and cleanup market, carry out
research and development related to decommissioning, ensure the
maintenance and development of decommissioning skills, promote good
practice and secure value for money and support the social and economic life of
the communities around the sites.

The NDA’s mission is ‘to deliver a world class programme of safe, cost
effective, accelerated and environmentally responsible decommissioning of the
United Kingdom’s civil nuclear legacy, in an open and transparent manner and
with due regard to the socio-economic impact on local communities’.

Hence, key drivers for the NDA are safety, security and environmental
performance, finding value for money solutions, making effective use of the
supply chain, learning from experience both at home and abroad and fully
engaging with stakeholders.
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3. THE UNITED KINGDOM’S DECOMMISSIONING CHALLENGE

The first question that has to be asked is: ‘Do we understand the job to be
done?’

To answer this question the NDA has established common Project
Controls processes and procedures across all of its sites and a common Work
Breakdown Structure. A Lifetime Plan has been developed at each site with
the estimated cost, scope and schedule needed to get the job done. For the first
time in the United Kingdom, and perhaps even in the world, these plans have
been included into a National Lifetime Plan. (See the NDA web site
www.nda.gov.uk for details.)

Assuming that the job to be done is understood, the next question is ‘Is
the money available and can things be done safer, smarter, cheaper, etc?’

NDA intends to use competition and innovation to not only drive down
costs but also, where possible, to accelerate programmes and not leave the
United Kingdom’s nuclear legacy for future generations to deal with.

Even with these answers, the following question must then be posed: has
the United Kingdom got the technological and logistical know how to do the
job? NDA cannot physically undertake all of the work to be done simultane-
ously, so how should the work be prioritized?

NDA has worked closely with its stakeholders to jointly develop a priori-
tization process to balance factors such as hazard potential, environmental
concerns, socio-economic factors, etc. and determine the order in which the
problem will be tackled in the United Kingdom.

Athough the Government supports the deep geological disposal of higher
activity radioactive waste, it is yet known where a disposal facility will be built,
or when. Similarly, the United Kingdom’s only operational low level
radioactive waste disposal facility is rapidly filling up. NDA is currently actively
engaged with industry and its wider stakeholders in discussing these issues and
developing innovative solutions to deal with decommissioning waste.

The technical challenges NDA faces are significant but Technology Plans
have been developed for each site which identify the technology needed to
deliver the Lifetime Plans. A National Research Board has also been
established to coordinate the United Kingdom’s decommissioning and cleanup
research and industry-wide review groups to promote good practice.

Finally, assuming that the job to be done is properly understood, that it
can be paid for and that the technological and logistic ‘know how’ exist, will
there be people with the right skills available when they are needed and what
will be the effect of NDA’s programme on local communities?

NDA has developed skills strategies for each of its sites to deliver the
Lifetime Plans. These help to identify ‘skills gaps’ and to assemble a
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comprehensive strategy to address them. Initiatives are in place to address
skills at all levels in the ‘Skills Pyramid” with a National Nuclear Institute and
National Nuclear Laboratory planned to develop the post-doctoral skills
required to undertake the research necessary to support the United Kingdom’s
decommissioning programme. The NDA is also creating a National Nuclear
Skills Academy to provide the all important vocational skills and standards to
undertake the work and the scheme includes initiatives to reach into schools to
encourage science, engineering, technology and mathematics learning.

4. NDA STRATEGY

The NDA strategy to meet the United Kingdom’s decommissioning and
cleanup challenge was approved by the Government in April 2006. This
strategy addresses the full range of NDA responsibilities and can be found on
the NDA website at www.nda.gov.uk. Put simply, it aims, while maintaining
high standards of safety, security and environmental performance, to obtain a
better understanding of the job to be done, to get that job done by a well led,
competent, motivated and equipped workforce and to get the job done
smarter.

5. KEY MESSAGES

The key NDA messages are that it is important to identify and fund
decommissioning costs and learn the lessons from past waste management. The
skills dimension is crucial in the United Kingdom. Life cycle thinking is needed
and predictable long term waste management solutions are essential to success.

DISCUSSION

A.J. GONZALEZ (Argentina): What is the role of the NDA with regard
to the radioactive releases into the Irish Sea from what used to be called the
Windscale facility?

J. WILSON (United Kingdom): The levels of the releases into the Irish
Sea, which were through authorized discharges, have gone down and down
over the years, and, as you obviously know, the Irish Government, with which
the NDA has good relations, is keen on their being carefully monitored.
Discharge monitoring is the responsibility of the operator, but as the owners of
the site we oversee what the operator does.
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A.J. GONZALEZ (Argentina): How does the strategy of the NDA fit in
with the United Kingdom Government’s strategy regarding the promotion of
nuclear power?

J. WILSON (United Kingdom): The strategy of the NDA was approved
by the Government, so that it has become governmental strategy. The two
strategies do not conflict in any way.

J-M. POTIER (IAEA): What is your strategy for dealing with very low
level decommissioning waste?

J. WILSON (United Kingdom): One of our site licence companies,
Magnox Electric, which operates reactor sites, is consulting with local people in
order to elicit their views regarding the on-site disposal of the very low-level
decommissioning waste being produced there, and I understand that the
response is quite positive. In such cases, of course, much depends on the
envisaged future reuse of the site. Certain reuses would completely rule out the
presence of even very low level waste. The on-site disposal of very low level
waste is not yet policy as far as we are concerned, but we are thinking about it
as an alternative to the transport of such waste to a disposal facility elsewhere.

159






DECOMMISSIONING PLANNING FOR THE RA
RESEARCH REACTOR AT THE VINCA INSTITUTE

V. LJUBENOV

Vinca Institute of Nuclear Sciences,

Centre for Nuclear Technologies and Research,
Belgrade, Serbia

Email: vladan@vin.bg.ac.yu

Abstract

The RA research reactor at the Vinca Institute of Nuclear Sciences operated from
1959 to 1984. In 2002, after 18 years of extended shutdown, the final shutdown of the
reactor was declared and preliminary decommissioning activities were initiated. In the
paper a review of the activities related to the planning for the RA reactor decommis-
sioning is presented. The status of the organizational and technical aspects of the
project, as of June 2006, is presented and plans for the forthcoming project phases are
outlined.

1. RA RESEARCH REACTOR AT THE VINCA INSTITUTE
1.1. Main technical characteristics of the RA reactor

The 6.5 MW heavy water moderated and cooled tank type RA research
reactor [1-4] at the Vinca Institute was bought from the Institute of Theoretical
and Experimental Physics, Moscow in 1955. The reactor has been used for
different scientific, medical and industrial applications of neutron and gamma
radiation.

The RA reactor facility comprises the main reactor building and several
auxiliary structures. They include a ventilation building, a pumping station on
the River Danube, a water storage pond in Vinca village (for secondary
cooling) and a liquid waste system for contaminated effluents released from
operational activities in the reactor building.

The main reactor building comprises a reactor block with an active zone,
inner and outer reactor vessels, graphite reflector and biological shield (water
layers and heavy concrete) and the components of the heavy water primary
circuit (pumps, heat exchangers, reservoirs, a system for coolant purification
and helium system components). Many horizontal and vertical experimental
channels penetrate the active zone, the reflector and the shielding structures.
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The interim spent fuel storage [5-7] and the hot cell compartments are located
at the main building. Both systems are interconnected with the reactor system.
A total of 8030 spent fuel elements are stored at the RA reactor building,
almost all of them in the water filled spent fuel pools. These pools were
designed as a temporary storage for the irradiated fuel. The 480 high enriched
uranium (HEU) fuel elements used during the final operational period of the
reactor have been kept in the 48 fuel channels of the drained RA reactor core
since 1984. The heavy water was drained from the reactor core and primary
cooling system and stored in the heavy water reservoir beneath the reactor hall.

1.2. Operational history

The RA research reactor went critical in December 1959 and was
temporarily shut down in August 1984. Its full thermal power was 10 MW, and
it was operated at nominal power of 6.5 MW, except for the last several years of
operation when it was operated at a reduced power of 2 MW. From its commis-
sioning in 1960 until 1975, low enriched TVR-S type uranium fuel (2% of *°U)
from the former USSR was used. From 1976, the original fuel was gradually
replaced by HEU fuel (80% of **>U). The reactor was stopped in 1984 for
modernization and the partial reconstruction of its control and safety systems.

Several events that occurred during the period of reactor operation had
consequences that have strongly influenced the present radiological status of
the facility [8]. The most important of the events are: contamination of the
primary coolant circuit by ®°Co in 1963, a spill of about 300 L of heavy water
from the primary cooling system during repair work in 1965, a fuel element
failure in 1970 and the dispersion of radioactive dust containing **Co from the
hot cells in the early 1980s.

1.3. Decision to decommission

For a number of technical, regulatory and economic reasons, the reactor
was not restarted during the long period of extended shutdown [9]. A proposal
for the final shutdown and decommissioning of the reactor was submitted to
the Government in 2001 [10] and the final shutdown was declared in July 2002.
All fresh HEU fuel was shipped to the Russian Federation in August 2002.

The preparatory activities for decommissioning have been supported by
the IAEA through the technical cooperation programme project SCG4004,
since 2003. The Serbian Government established regular funding for the RA
reactor decommissioning project starting in October 2004. The decommis-
sioning project is part of the Vinca Institute Nuclear Decommissioning (VIND)
Program [11] whose main objective is to improve nuclear and radiation safety

162



SESSION 3

at the Vinca Institute by repackaging and shipping the spent nuclear fuel back
to the Russian Federation, by decommissioning the RA reactor and by
improving the radioactive waste storage and treatment capabilities of the
Institute.

2. DECOMMISSIONING PLANNING
2.1. Establishing a decommissioning team

During the RA reactor design, construction, operation and extended
shutdown there was no planning for the decommissioning phase; as a result, no
decommissioning oriented team was assembled and an initial decommissioning
plan was not prepared. The RA reactor staff had been significantly reduced
during the period of extended shutdown and the decommissioning project was
faced with a lack personnel having experience from the operating phase.

The approach chosen to accomplish the RA reactor decommissioning is
that the Vinca Institute will be the licensee and will perform the project with in-
house resources supplemented by specialist contractors, as needed. The project
team has been assembled from available personnel of two Vinca Institute
organizational units: the Centre for Nuclear Technologies and Research (NTT)
and the Radiation and Environmental Protection Laboratory. The team is
organized in two main functional divisions: Planning and Operations. The
planning division consists of experts in reactor physics, nuclear engineering,
radiation protection and waste management and is in charge for the planning,
costing, quality assurance, health and safety, personnel training and adminis-
tration services. The operations division comprises maintenance, characteri-
zation, cleanout, waste management and record keeping groups. The core of
the second division has been formed from the existing RA reactor staff in order
to gain maximum benefit from their experience gathered during the extended
shutdown period and their familiarity with the reactor facility and site.

Support to the RA reactor decommissioning team will be provided by the
existing Institute services (health physics, medical protection, fire protection,
physical protection, export-import, administration).

2.2. Project goals and decommissioning strategy
The objective of the RA reactor decommissioning project is to implement
safe, timely and cost-effective decommissioning of the facility to enable the

unrestricted use of the reactor building for other purposes. Immediate
dismantling has been selected as the optimal decommissioning strategy.
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The short term project goals (before the removal of the spent nuclear
fuel) are to:

— Prepare the RA Research Reactor Decommissioning Plan;

— Perform a radiological characterization of the facility;

— Remove all the materials and equipment from the RA reactor building
that are not needed during the reactor dismantling;

— Regularly maintain all the systems necessary to ensure safe working
conditions inside the building.

The long term project goals (after the spent fuel removal, i.e. transport of
the spent fuel to the country of origin or after the adequate long term storage
somewhere outside the RA reactor building) are to:

— Complete reactor decommissioning according to the selected decommis-
sioning strategy;

— Remove from the building all the reactor structures, components, systems
and all the radioactive and hazardous materials generated and
accumulated during the facility lifetime to the extent that will allow
unrestricted use of the reactor building for other purposes;

— Conduct all the activities so that the safety of the workers, Institute
employees, general public and the environment is assured, according to
the requirements of the relevant national legislation, following interna-
tional recommendations and good practice, in a timely and cost effective
manner;

— Document all the activities as required by the legislation and by the
quality assurance programme;

— Obtain knowledge and experience in state-of-the-art methods and
technologies for research reactor decommissioning and to offer them to
the market.

The Decommissioning Plan is assumed to be the main safety related
document, which will be submitted to the regulatory body for approval and
against which the decommissioning licence will be issued. The content of the
Decommissioning Plan has been defined according to IAEA recommendations
[12]. During the preliminary planning, a strategy option study was performed in
which the advantages and disadvantages of three basic strategies were analyzed
(immediate dismantling, deferred dismantling and entombment). Immediate
dismantling has been proposed as an optimal strategy for the RA reactor
decommissioning [13].
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2.3. Main project phases and activities

The main phases of the project include: radiological characterization of
the reactor site, preparation of the detailed decommissioning plan, removal of
waste and materials from the reactor building, the dismantling and removal of
the reactor components and structures, decontamination, the final radiological
site survey and the documentation of all the activities in order to obtain the
approval for unrestricted use of the facility site.

The MS Project software tool is being used for scheduling the project and
for resource management; it involves five levels of detail for earlier phases and
four levels for later project phases (before and after spent fuel removal). The
duration of the decommissioning project is estimated to be 10-12 years. This
time schedule is driven by the progress of the spent fuel and waste management
projects, but also by the funding capabilities of the State budget as a main
funding source. In the first phase of the project, the main activities are related
to the review of the reactor documentation, decommissioning planning, radio-
logical characterization and the removal of existing waste and experimental
equipment from the reactor hall.

The dismantling of the reactor components and systems will start after
the removal of the spent fuel from the reactor building. At the beginning of this
phase, the outer reactor systems and components (located outside the reactor
block) will be dismantled. These activities will be performed at the
underground level of the reactor building where the components are located,
using a ‘room by room’ dismantling approach. Dry mechanical cutting is
planned to be the main technology used. Mechanical decontamination will be
used for the removal of low level surface contamination from the building
surfaces and from the materials that can be recycled or reused. In this way, the
generation of secondary and liquid waste will be kept to a minimum. After this,
the reactor block will be removed starting with the reactor internals, continuing
with the removal of the inner vessel, the graphite reflector, the outer vessel, the
experimental channels and graphite column and finishing with the demolition
of the heavy concrete biological shielding. Underwater cutting is being
considered as a possible method for the dismantling of the reactor internals.
Remotely controlled tools will be needed for this operation as well as for the
demolition of the concrete biological shielding of the reactor.

At the present time, there have been no requests from other organiza-
tions to use the hot cell compartment and the ventilation building of the RA
reactor. Their decommissioning is included in the preliminary list of the decom-
missioning activities, but a final decision has not yet been made.
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2.4. Main radiological risks

During the implementation of the decommissioning strategy, the main
radiological risks will be associated with the dismantling of the reactor block,
the primary coolant circuit and the hot cell compartment. A basic assumption
of the decommissioning project is that spent fuel will be removed during the
transition period, but that the remaining pool water, contaminated structures,
sludge at the pool bottom and some of the repackaging waste and tools will
have to be managed within the reactor decommissioning project. The used
filters from the water purification system in the spent fuel area will also present
a significant radiological hazard.

The activation of the reactor internals and the surrounding structures in
heavy water reactors may result in a radionuclide inventory equal to or even
higher than that in the spent fuel. For example, a CP-5 heavy water reactor
(similar to the RA reactor) inventory in the reactor vessel, reflector and
bioshield was 32 000 TBq, while in the spent fuel it was 3200 TBq [14]. Particu-
larly high activation is expected in the vicinity of the experimental channels and
the thermal column. During the planning phase, special attention is being given
to the determination of the trace elements in the shielding structures, which
may contribute significantly to the total activation inventory. Heavy water has
also to be considered as an important issue. For example, the specific activity of
the heavy water of a Russian 2.5 MW research reactor was more than 0.2 TBq/L.
The total activity in the 5.5 m® of irradiated heavy water in the RA reactor
could therefore contain more than 1000 TBq, while the total activity of the
spent fuel is about 4000 TBq [16].

As a result of a design error in 1963, the entire primary coolant loop of
the reactor was contaminated by cobalt. The heavy water pumps were
originally designed for the chemical industry and possible neutron activation
was not considered during their design. Thus, the shaft bearings of the pumps
were coated with a steel alloy of high cobalt content. During its use in the
reactor cooling system, erosion products with a high content of cobalt were
activated in the active zone and then spread by the heavy water flow
throughout the system. Although the shaft bearings were replaced and the
chemical decontamination of the entire primary cooling circuit was performed
in 1963, the remaining cobalt activity in all the primary coolant system
components is rather high, even after more than 40 years of decay.

The hot cell compartment is located on the underground floor of the main
reactor building, giving access to the reactor room and the spent fuel storage
room. It consists of one main cell and three auxiliary cells. All the cells are
highly contaminated, especially the main one, including the equipment and the
devices inside them. Many and various radioactive sources are stored in the
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cells at the present time, as well as one damaged irradiated fuel element. The
removal of the sources should be carried out during the transition period.

2.5. Non-radiological risks

During the implementation of the work, the radiological hazards will
decrease but the level of the non-radiological hazards will remain high until the
project is completed. The main non-radiological risks are related to the use of
cutting devices, materials handling, working at heights, the presence of
chemicals, asbestos and other hazardous materials, high voltages, high noise
levels, risk of fire due to flammable gases, liquids and combustible materials,
hazards from compressed gases, biological materials, degraded or degrading
structures, systems and components.

Internal training organized during the transition phase covered the
following topics: first aid, radiation protection, working with the radiation
sources, industrial safety, characterization surveying, clearance of materials and
it included the training and certification of the operators of the overhead
cranes and of welding operators. Similar training will be organized during the
decommissioning implementation phase on a periodic basis, as well as specific
training related to the selected dismantling technologies and tools.

2.6. Safety and environmental protection

Safety and environmental impact assessments are being carried out based
on the deterministic analyses of up to a dozen scenarios (both normal and
accidental) and considering extreme unmitigated consequences. The safety of
the workers, the public and the environment during the implementation of the
decommissioning activities will be ensured by careful planning, adequate
training of the workers, proper work organization, the use of protective
equipment and the regular maintenance of the equipment and tools.

The majority of the dismantling activities will be performed inside the
reactor building. The existing ventilation system ensures that zones with higher
risks of generating contamination are kept under lower pressure, preventing
the spread of contamination in the event of an accident. Portable ventilation
and filtration units with temporary tents will be used to isolate working areas
and to minimize the possibility that other zones will be affected. All the
pathways to the environment will be monitored and the ventilation lines will be
filtered. Airborne and effluent monitoring will be established in the working
areas and at the ventilation exhaust stack. Proper protective clothing and
respiratory protection will be available for the workers. Sanitary admittance
areas and whole body contamination monitors will be established at the
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entrance points of the working zones. Individual thermoluminescent
dosimeters (TLDs) and direct reading electronic dosimeters with appropriate
alarm levels will be used during the work. Radiation protection specialists will
be present throughout the dismantling and decontamination work at the
reactor site. All the personnel involved will be properly trained. Detailed
working procedures will be prepared and approved in advance to minimize
identified radiological and industrial hazards. A graded and phased approach
and a policy of defence in depth are being followed in the decommissioning
safety assessment in order to define appropriate preventive and mitigating
measures, both engineering and administrative. Medical surveillance of the
workers will be performed on a periodic basis with additional examinations
before and after some operations of higher risk. All the activities will be
documented according to the record keeping programme and quality assurance
requirements.

2.7. Waste management issues

The Vinca Institute served for many years as the national storage facility
for radioactive waste from all institutional (scientific, medical, industrial, etc.)
activities. The main fraction of the waste is stored in two metallic hangars (H1
and H2). In addition, underground stainless steel tanks in concrete shields have
been constructed to accept all processed liquid waste from the RA reactor. The
current situation at Hangar 1 ("old hangar’), with the significant deterioration
of the building structures, the presence of contamination inside the hangar and
generally bad condition of the waste, is unacceptable from a safety point of
view. Hangar H2 does not have enough capacity to accept all the waste from
the spent fuel removal and the reactor decommissioning project. Proper
treatment, repackaging and storage of the historical waste from H1 in a new
storage facility is needed.

The waste management issues of the VIND Program are being addressed
in the project 'Safe Management of Waste in the Vinc¢a Institute’. In the first
phase of this project, a new waste processing facility for waste characterization
and treatment and a new waste storage hangar H3, with secure storage for high
intensity sources, are to be commissioned. These new facilities should enable
the existing situation in hangar H2 to be improved, the liquid waste in
underground VR basins to be treated, hangar H1 to be decommissioned, and
the waste from the RA reactor decommissioning and from the spent fuel
removal to be properly treated and stored.

Plans for a final repository for radioactive waste do not yet exist in the
country. Nevertheless, decommissioning waste should be stored in a form that
allows it to be transferred to final storage with minimal further handling and
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processing requirements. All the radioactive waste generated from the decom-
missioning activities before the commissioning of the new hangar and the waste
processing facility will be segregated, packed according the waste acceptance
criteria for the hangers (mainly in 200 L drums) and temporarily stored in one
room inside the reactor building that has been cleaned and prepared to serve as
a storage place. After the clearance procedure, non-radioactive waste from
decommissioning will be transferred for conventional disposal, while valuable
materials for reuse or recycling will be placed in a previously adapted storage
place in the Institute.

2.8. Funding and cost estimate

The RA reactor decommissioning is being implemented in a scientific
institute. In its preparatory phase (transition period), project implementation is
funded from the State budget through the Ministry of Science and Environ-
mental Protection based on one year contracts between the Ministry and the
Institute. The rules related to the funds from this Ministry are established in a
way that is optimal for the needs of research projects, but they are also being
applied for the VIND Program projects even though they are not adequate for
such projects since they are quite different from projects of the scientific type.
Recently, a new Law on Scientific and Research Work was established which
introduced further limitations for the projects and implementing organizations.

In contrast, there has been a positive experience in the country, and at the
Institute, with the past funding of engineering projects and such an approach
might be followed for the VIND program. Funding of the VIND Program
directly by the Government might help in overcoming the existing limitations.

Implementation of decommissioning activities (dismantling phase) will
be funded from the State budget, with minor involvement of foreign donors.
The main part of the principal donor’s contribution is planned to be used for
the shipment of the spent nuclear fuel and for the construction of the new
waste processing and waste storage facilities.

The final cost estimate for the decommissioning project has not yet been
prepared. Based on available information for a similar completed project,
taking into account the lower labour costs but also some specific technical
conditions of the facility (cobalt contamination of the primary circuit, caesium
contamination of the spent fuel pool, the expected higher activation of the
biological shielding), a first rough cost estimate is in the range of €10-15
million. This amount does not include spent fuel shipment and waste treatment
and storage costs.
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2.9. Legislative system and regulatory process

The general support of the Government to start the preparation for
decommissioning was obtained in 2002. In its early phase, the project was faced
with the absence of a legal framework and a regulatory body, a lack of funding
and no clear governmental policy regarding radioactive waste management.

The existing Law on Ionizing Radiation Protection [17] does not provide
regulations for decommissioning. It establishes measures for ionizing radiation
protection, as well as nuclear safety measures, liability for nuclear damages,
supervision and authorization, and penalties. There are eleven regulations
related to ionizing radiation protection and the safety of radiation sources and
five regulations related to nuclear installations.

A temporary regulatory body (the Regulatory Commission for Nuclear
Safety) was established in 2005. This Commission is an advisory body of the
Serbian Minister of Science and Environmental Protection and is currently
responsible for making decisions in the regulatory process.

A draft of the new Law on Ionizing Radiation Protection and Nuclear
Safety has been prepared on the basis of the existing national legislation, the
safety standards of the IAEA, the European Union (EU) and other interna-
tional recommendations. It is expected to enter Parliament soon and to be
adopted by the end of the year. This law envisages the establishment of the
Agency for Radiation Protection and Nuclear Safety as the regulatory body in
Serbia.

2.10. Expert and technical support and international cooperation

Expert and technical support has been provided by the IAEA. Several
workshops were held at the Vinea Institute (Basics of Decommissioning,
Project Management, Characterization Surveying, Cost Estimation) and two
visits made to facilities under decommissioning (ASTRA reactor at ARC
Seibersdorf, Austria, SAPHIR and DIORIT reactors at the Paul Scherrer
Institute, Switzerland). Project implementation has also been supported by the
provision of equipment for sampling, survey, decontamination, cutting and
cleanout activities, as well as for ventilation, contamination control and
personal safety. This kind of support is expected to continue in the next project
phases with the focus on dismantling technologies and tools and the
preparation of specific safety assessments for the particular dismantling
operations.

Wide international cooperation with the institutions and organizations
performing similar projects has been established. The institutions involved in
this cooperation up to now are:
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—IAEA — support through the technical cooperation programme
SCG4004 project, participation in the R’D?P, DeSa and RER/059
projects.

— China Institute of Atomic Energy (CIAE) — exchange of visits; the RA
reactor and HWRR research reactor in CIAE are very similar facilities.
— Austrian Research Center, Seibersdorf — experience from the ASTRA
reactor decommissioning project.

— Paul Scherrer Institute, Villigen, Switzerland — experience from the
SAPHIR and DIORIT reactor decommissioning projects.

— Georgia Institute of Technology and CH2M HILL company —
experience from the GTRR reactor decommissioning project.

— Slovenian Nuclear Regulatory Body and Jozef Stefan Institute (Triga
reactor).

— Bulgarian Institute of Nuclear Research and Nuclear Energy in Sofia,
Kozloduy Nuclear Power Plant, Bulgarian Nuclear Regulatory Body.

3. CURRENT STATUS OF THE TRANSITION ACTIVITIES —
JUNE 2006

After the declaration of the final shutdown, the transition period from
operation to decommissioning started. This is the project phase before the start
of the implementation of the dismantling activities [18, 19]. The project has
been in the transition phase since 2002 and several preparatory activities for
the RA reactor decommissioning project are currently in progress (it does not
include preparations for the repackaging and removal of the spent fuel):

— Preparing the Decommissioning Plan and other supporting documents;

— Preparation and implementation of the radiological characterization of
the facility;

— Removal of the operational waste from the reactor building;

— Regular maintenance of the reactor systems and reactor building.

In the 2003-2005 period the following preparatory and planning activities
were carried out [20, 21]:

— All the available reactor documentation was reviewed and organized in
an electronic database and an adequate document control system was
established;

— The comparison of the existing facility layout with the reactor
documentation was completed;
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— A strategy options study was performed and immediate dismantling was
selected as the optimal decommissioning strategy;

— The RA Reactor Transition Plan was prepared;

— The following sections of the Decommissioning Plan were prepared:
Introduction, Facility Description, Decommissioning Strategy, Decom-
missioning  Activities, Project Management, Surveillance and
Maintenance Plan, Waste Management Plan, Physical Protection and
Safeguards.

The preparation of the Safety Assessment, Environmental Impact
Assessment, Health and Safety Plan, Emergency Plan and Quality Assurance
Plan are in progress. These documents and studies will be completed in 2007,
when the remainder of the Decommissioning Plan sections are also expected to
be completed (Cost Estimate and Funding Mechanisms and Final Survey Plan).
The Health and Safety Plan, Emergency Plan and Quality Assurance Plan
should be based upon the upper level Institute documents, but should
elaborate some specific project aspects. There are three levels of documents
that have to be followed in the implementation of the decommissioning
project: national laws and regulations, Institute regulations and plans and
facility/project rules, regulations and plans. Due to the recent changes in the
country that affect the organization and responsibilities of the relevant author-
ities, the upper level documents (national and Institute) are in the process of
amendment. The detailed revision of all of the sections of the RA reactor
Decommissioning Plan is planned for 2007 in order to include all the
information and data obtained in the meantime, especially the results of the
radiological characterization which is still in progress.

In the previous period, a physical characterization of the RA reactor
building and systems was performed as well as the comparison of the existing
layout with the relevant technical documentation. All the differences noticed
have been recorded and appropriate links with the documents have been
established in the RA reactor documentation data base. The Characterization
Plan [8] for the RA reactor has been prepared. The operating history of the
facility was reviewed and the available data on the events with radiological
consequences were collected. Detailed three-dimensional reactor models will
be used for the numerical calculation of the neutron induced radioactivity in
the reactor core components and surrounding shielding structures. Original
calculation methodologies based on reference computer codes have been
developed and data libraries have been prepared for that purpose. Detailed
drawings of the majority of the RA reactor rooms have been prepared for the
needs of the sampling and analysis plan implementation. The measurement
equipment needed for the radiological survey of the reactor rooms, systems,
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materials and equipment has been obtained. The training of the workers for the
radiological survey has been completed and the relevant working procedures
and paper forms have been prepared. A Characterization Database for the
efficient organization and management of the wide range of characterization
results has been prepared. A radiological survey was started in November 2005,
comprising direct measurements, sampling and laboratory analyses of the
samples taken. After its completion in 2007, a Characterization Report will be
prepared.

After the RA reactor final shutdown, experimental equipment, different
kinds of waste, tools and materials were stored mainly around the reactor block
inside the RA reactor hall; the majority were contaminated or potentially
contaminated. During 2004, a significant part of the clean items was removed
from the reactor hall. The valuable materials for reuse or recycling were
transferred to a previously prepared internal store in two underground rooms
of the RA reactor building awaiting further treatment. The rest of the material
located in the reactor hall is either needed for further work or is potentially
contaminated.

In 2004 and 2005 an inventory of the materials to be removed was
prepared. Due to limited storage capacity in the two existing hangers for low
and intermediate radioactive waste it was decided to prepare temporary
storage area for radioactive waste inside the reactor building. In the basement
of the reactor building one clean room was selected and prepared for the
storage of the drums containing radioactive materials. In 2005, building No. 41
of the Institute was selected and prepared for the storage of non-radioactive
materials and equipment. Clearance procedures, waste segregation and
packaging procedures were implemented according to the waste acceptance
criteria for the storage of radioactive waste in the hangers. The reactor staff was
appropriately trained for these activities.

In November 2005, the systematic removal of the materials from the
reactor hall was started based on the performance of clearance measurements.
Radioactive waste is being packaged in 200 L drums while the clean items are
being transferred to the storage building. This process is still not completed.
Some of the items will require additional consideration regarding the applica-
bility of decontamination techniques in order to minimize the waste generated.
This cleanout of the working areas will significantly reduce the existing radio-
logical and non-radiological hazards present inside the reactor building before
the beginning of the dismantling activities.

Removal of the operational fluids from the reactor systems was carried
out during the extended shutdown but they still have not been removed from
the site (they are stored in appropriate storage tanks).
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4. CONCLUSIONS AND LESSONS LEARNED
4.1. Organization and team

A new organizational structure and management system were established
for the RA reactor transition and decommissioning. The operating organi-
zation was found to be inadequate to meet the needs of decommissioning. The
transition team was partly extracted from the operating team as it was
recognized that operator’s expertise and knowledge is vital.

Social aspects and psychological effects must be taken into account
during decommissioning planning. One issue is the uncertainty experienced by
operating staff about their future employment. The RA reactor decommis-
sioning team consists of the RA reactor personnel from the extended shutdown
period and the research staff of the former Nuclear Engineering Laboratory,
which was operator of the RB critical assembly. During the last three years it
has not been easy to maintain the motivation of the personnel for the
‘destructive’ work that will close possibilities for research in the nuclear field”.

The restructuring of the organization for decommissioning is still not
completed. The change from an operating regime with quite different goals to
one aimed at demolition, dismantling and disposal is not easy to achieve in a
research institute environment.

4.2. Regulatory framework

The lack of adequate national legislation during the initial project phase
has led to the use of IAEA guidance and recognized good practice as a
substitute. The Vinca Institute as operator has initiated the improvement of the
regulatory framework for decommissioning and the re-establishment of the
regulatory process in the country.

Changes in legislation should be anticipated in order to limit the impact
on projects. (In our case this was possible as member of the decommissioning
team was involved in the drafting of the new law.)

4.3. Planning

The Decommissioning Plan is a living document whose preparation has
an iterative nature. The planning team should prepare the Decommissioning
Plan using the best available data, without waiting for all information
considered to be important for the specific topic to be collected.

The extended shutdown period should be used to prepare or update the
initial decommissioning plan, even if a restart is expected.
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The development of a comprehensive inventory (radioactive and non-
radioactive material) is a necessary prerequisite for all planning, especially
planning for waste management. The radionuclide inventory in the structures
and liquids of a heavy water reactor may exceed the spent fuel inventory.

The radiological characterization of the facility should be performed
before the preparation of the detailed decommissioning plan in order to
provide information for the selection of the strategy and the technologies, the
estimation of waste amounts and the cost estimation. The removal of materials,
equipment and operational waste stored on site should be completed before
the characterization. Although it is possible, the parallel performance of
planning, characterization and waste removal can cause delays due to the
interdependence of these activities.

A general safety case covering the common aspects of multiple projects
performed on site can be useful when limited human resources are available on
both the sides of the operator and the regulator.

MS Project software has been found to be a good tool for scheduling and
resource management.

4.4. Experience

RA reactor decommissioning planning was initiated almost 20 years after
shutdown and the project was faced with a lack of expertise, reduced facility
knowledge and the absence of any decommissioning experience. The lack of
appropriate training for both management and workers, the lack of equipment
and financial resources at the very beginning of the project and the absence of
a regulatory framework, together with the belief among staff that the facility
would somehow be restarted, had a negative effect on staff morale. This was
resolved by retraining the in-house staff and involving IAEA experts
extensively.

4.5. Waste management

Waste management is an essential part of decommissioning planning.
Dismantling and decontamination activities can be seriously affected if
adequate provisions are not made or are not available at the appropriate time.
In Serbia, disposal routes for decommissioning waste are not yet available and
even the storage capacities are not yet adequate.

When there is an absence or inadequacy in waste storage capacity,
temporary on-site storage for radioactive waste can be provided in empty
reactor rooms.
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4.6. Funding

Insufficient provision of financial resources for decommissioning is one
reason for the start of decommissioning being delayed. The lack of decommis-
sioning funds for the research reactors in State ownership has been observed in
many countries. Involvement of foreign donors can help in establishing the
decommissioning projects, but the basic funding should be the responsibility of
the State.

4.7. Records

Documentation especially important for decommissioning should be
identified, sorted, labelled and organized in a way that will enable efficient
search by keywords. An electronic database of the reactor documentation with
a supporting document control system can be used to efficiently support
decommissioning planning activities.

It is almost impossible to obtain accurate information about the facility
condition and the material inventory from the records and documentation -
even if they are very well preserved and maintained. Comparison of the
existing facility layout with the documentation may help in the preparation of a
comprehensive facility inventory. It is necessary to perform a visual inspection
of components, especially on old facilities where the drawings often do not
reflect the ‘as-built’ status. Interviews with the former workers can fill existing
information gaps, especially regarding the incidents and contamination spills.

4.8. Public relations

Involvement of the public (including the research staff of the Institute) in
the early phase of the project can prevent negative reactions. A Public
Relations Plan should be prepared and the positive impact of the
decommissioning activities on safety should be stressed. Written information
for the media or on the web site is recognized as a very effective communica-
tions channel to the public.
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DISCUSSION

N. ARKHANGELSKY (Russian Federation): What are your plans

regarding purification of the heavy water that was used as a moderator?

V. LIUBENOV (Serbia): Liquids generally are going to be a problem for

us as we have no purification capabilities. Besides the heavy water, we will have
to purify the water in the spent fuel pools and water from the spent fuel
containers. Negotiations are currently under way with Russian partners on how
to solve this problem.
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Abstract

The Heavy Water Research Reactor (HWRR) was constructed and put into
operation in 1958 at the China Institute of Atomic Energy (CIAE), located in the
suburbs of Beijing. It was the first nuclear reactor in China. The HWRR is a 10 MW
multipurpose research reactor and has been operated for 48 years. Because of its long
operating history and aged equipment, it is scheduled to be finally shut down by the end
of 2007. It has been decided by CIAE to implement a strategy of immediate dismantling
after final shutdown. The paper describes the preparation work for the development of
the HWRR decommissioning plan at CIAE. The establishment and organization of the
project and the problems encountered are described. Progress and problems are
addressed. The paper also discusses the measures needed for the successful planning of
decommissioning.

1. INTRODUCTION

The Heavy Water Research Reactor (HWRR) was constructed and put
into operation in 1958 at the China Institute of Atomic Energy (CIAE). It was
the first nuclear reactor in China and is located in the suburbs of Beijing. The
HWRR is a 10 MW multipurpose research reactor that has been operated for
48 years. Because of its long operating history and aged equipment, it is
scheduled to be finally shut down by the end of 2007. A decision in favour of a
strategy of immediate dismantling has been made by CIAE.

The safe, timely and cost effective decommissioning of the HWRR is an
important and sensitive issue. There are many technical issues concerned with
the decommissioning of the HWRR because of its complicated structure,
relatively high thermal power and long operating history. The HWRR is
currently under the IAEA’s safeguards system. It will be the first nuclear
reactor under the safeguards system to be decommissioned in China. The
experience gained through the HWRR decommissioning will be very valuable
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for the decommissioning of other nuclear facilities and for the further
development of the nuclear programme in China.

To prepare for the HWRR decommissioning, the development a decom-
missioning plan has been initiated. A comprehensive project for the
preparation and transition periods of HWRR decommissioning was submitted
for inclusion in the Government’s five year plan. The lack of decommissioning
experience in China, especially in relation to key techniques, is a major
problem to be faced. The project has benefited from national supporting
investigations and international cooperation.

2.  TECHNICAL BACKGROUND

The HWRR core is a tank type structure with graphite as a reflector.
Heavy water serves as moderator and coolant. The reactor fuel is ceramic UO,
with 25U of 3% enrichment. The rated thermal power is 10 MW and the
strengthened power is 15 MW. The highest thermal neutron flux is
2.8 x 10" n/cm?ss.

In the past decades, a great deal of research and technical applications
work has been carried out using the reactor:

— Reactor physics and thermal hydraulics;

— Radiation protection and monitoring;

— Irradiation of nuclear fuel rods;

— Neutron activation analysis;

— Production of radioactive isotopes;

— Technical services for nuclear power plants;
— Reactor operations management;

— Training of reactor operators.

A number of renovation and improvement projects at the HWRR have
been carried out. During the period 1979-1982, the inner vessel and two main
heat exchangers were changed, chemical decontamination of the primary
coolant system was performed, the fuel was changed from metal uranium to
ceramic UQO,, and, as a result, the HWRR was significantly upgraded, e.g. its
thermal power was increased by 40% and its thermal neutron flux was doubled.
In the 1990s, a number of systems were updated, such as, the safety systems, the
central control room, the instrument monitoring system and the fire alarm
system. The experience gained in all of these operations is valuable for HWRR
decommissioning.
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3. DECOMMISSIONING PLANNING

At the present time the HWRR is still in operation. The reactor was
operated for 11 cycles in 2005 with 21 days per cycle. Because of its long
operating history, however, most of the equipment is aged and outdated. As a
replacement, the new 60 MW CARR (China Advanced Research Reactor) is
under construction and will be put into operation late in 2006 at CIAE. It was
decided by CIAE to finally shut down the HWRR by the end of 2007. After
final shutdown and a transition period of 2-3 years, immediate dismantling of
the HWRR will be carried out. The final HWRR decommissioning goal is to
reuse the facility as a educational exhibit for the public.

Four phases are proposed for the HWRR decommissioning. The main
activities in each phase are described as follows:

— Preparation Period (2005-2007): The national project proposal will be
developed, including the preliminary decommissioning plan, the
compilation of technical files and history/event records and the planning
of the characterization and personnel training.

— Transition Period (2008-2010): The fuel will be discharged and the
coolant drained, the spent fuel will be transported away from the reactor,
special decommissioning facilities (e.g. ventilation and radiation
protection systems) will be reconstructed and an application will be made
for the decommissioning licence.

— Implementation Period I (2011-2015): The systems and equipment
outside the reactor will be dismantled and removed, the water in the
spent fuel pool will be disposed of and the radioactive structures will be
decontaminated.

— Implementation Period II (2016-2020): The reactor core, inner
components, experimental tubes, graphite reflector and bioshield water
tank will be dismantled and removed, the reactor concrete body will be
decontaminated and the site will be decontaminated and restored.

In parallel with this project, the China National Nuclear Safety Adminis-
tration (NNSA) is implementing a project entitled “Safety Criteria and
Guidelines for Radioactive Waste Management”. One of its main objectives is
to develop a regulatory control programme for the management of radioactive
waste generated as a result of the decommissioning of nuclear installations,
with emphasis on research reactors.
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4. CURRENT ACTIVITIES

The project organizations have been designated and their responsibilities
assigned. At the institute level, a steering committee on waste management and
decommissioning was established for overall planning, project submission and
coordination of departments, such as the Departments of Reactor Engineering,
Radiochemistry and Health Physics. At the department level, the HWRR
Decommissioning Office has been established for establishing the project and
managing it. At present, three working groups have been formed with focus on
planning, technology and safety/environmental assessment, respectively.

The HWRR decommissioning at CIAE has been included in the 11th five
year plan of the Government and is one of the key engineering projects for the
next 20 years of national planning. A national programme on waste
management with a financial support of US $44 million from the Government
is being carried out at CIAE. A project proposal for the preparation and
transition periods of HWRR decommissioning, with total budget of about
$6 million, has been submitted to the national authority. The proposed tasks
include decommissioning planning, spent fuel transportation and system
renovation.

A technical cooperation project has been established by the IAEA to
assist the CIAE in the development of the decommissioning plan and for
acquiring know-how in state of the-art key decommissioning techniques. The
project is composed of expert missions, fellowship training and equipment
procurement, and is currently being implemented. It has enhanced the
capability for decommissioning planning at CIAE.

Good progress is being made in the development of the HWRR decom-
missioning plan. The transportation plan for spent fuel has been developed.
The reactor operating documents, including operating records, records of
events and documentation of previous technical renovations have been
collected and organized. The characterization survey has been initiated. Key
research projects on decommissioning techniques and waste management are
being investigated.

5. SUMMARY

The decommissioning plan will contribute toward minimizing the amount
of waste produced, the exposure of personnel, environment releases, project
costs, and will help to enhance the reuse rate of equipment. Since the HWRR is
still in operation and performing a number of tasks, insufficient funds and
labour were put into decommissioning preparations so that the process was

182



SESSION 3

slowed. The lessons learned through the preparation work for the HWRR
decommissioning are as follows:

— Governmental support for decision making and provision of funds is
critical for the establishment and implementation of decommissioning
projects.

— Close cooperation with the regulatory bodies facilitates the licensing
process.

— The coordinated waste management project carried out at CIAE will
provide a good basis for HWRR decommissioning.

— The currently available experienced operators would be able to make a
valuable contribution to HWRR immediate dismantling.

Since there is a lack of decommissioning experience and knowledge of
key techniques, international cooperation, including IAEA assistance, is very
helpful for staff training and capability building. Experience gained by HWRR
decommissioning will be very valuable for the decommissioning of other
nuclear facilities and for further development of the nuclear programme in
China.
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Abstract

The Ignalina nuclear power plant is the main electricity generator in Lithuania.
Having two RBMK-1500 type reactors has meant that the country has the highest per
capita nuclear electricity fraction (more than 70% ). The design life of each reactor was
30 years of operation, with fuel channel renewal at mid-life. On this basis, Ignalina Unit
1 should have operated until 2013, and Unit 2 up to 2017 (note that the Russian Federa-
tion has already announced a 15 year life extension for the similar type Leningrad-1
nuclear power plant). The early closure of Ignalina was finalized in an additional
protocol to the Accession Treaty of Lithuania to the European Union. The protocol
committed Lithuania to close Unit 1 of the Ignalina plant before 2005 and Unit 2 by the
end of 2009, and committed the European Union to provide appropriate funding. The
first unit was permanently shut down on 31 December 2004. Decommissioning planning
started with the preparation of the Preliminary Decommissioning Plan in 1999; the
preparation of legal acts began at the same time. Several legal documents regulating the
decommissioning of the Ignalina nuclear power plant and the management of the
resulting radioactive waste have since been adopted. The adoption of the Final Decom-
missioning Plan and the selection of the decommissioning strategy have their own
history and outcomes, as described in the paper. The paper also deals with decommis-
sioning financing, problems encountered in the planning process, social measures and
local economic regeneration, and lessons learned.

1. INTRODUCTION

Lithuania is the largest of the three Baltic States and is located at the
crossroads of Europe and the Russian Federation. Facing the Baltic Sea, the
country has common borders with the Russian Federation (Kaliningrad
territory), Poland, Latvia and Belarus.

After fifty years spent as part of the USSR, the country became
independent in 1990 following the collapse of the USSR.

Lithuania’s economy and infrastructure were deeply integrated with the
economies of the countries of the northwest region of the USSR, comprising
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Belarus, the Baltic republics and northwest Russia. This included the
integration of the power system; the electricity generating capacity was
distributed within each region so as to ensure energy balance at the regional
level. A robust high-voltage transmission network interconnected the
generating units ensuring a reliable supply throughout the region.

At the break-up of the USSR, Lithuania inherited the electricity
generating capacity designed to supply Belarus and the whole northwest Russia
region. As part of this capacity, ownership of the nuclear power plant of
Ignalina located in the northeast of the country, 130 km from the capital,
Vilnius, and close to the borders of Belarus and Latvia, was transferred to
Lithuania.

The Ignalina nuclear power plant (Ignalina), with two Soviet designed
RBMK-1500 reactor units, is the only plant of its type in the European Union
(EU). The first unit of the Ignalina plant was commissioned in 1983 and the
second in 1987. Since Lithuania became independent in 1990, the Ignalina plant
has typically contributed more than 70% of the national electricity power
supply.

The town of Visaginas (population 30 000) was built to serve the nuclear
power plant and its operating staff were recruited from throughout the USSR.
With 3344 direct employees (this number is decreasing each year), the Ignalina
plant remains by far the largest employer in the town. Although there are
pockets of Russian language speakers in communities throughout Lithuania,
Visaginas is the only example at the level of a town.

In February 1994, as one of the conditions of the grant agreement for the
safety upgrading of the nuclear power plant under the Nuclear Safety Account
managed by the European Bank for Reconstruction and Redevelopment
(EBRD), Lithuania agreed that the operation of neither unit would be
prolonged beyond the time when their reactor channels would have to be
changed (normally this would be performed at the mid-life of the unit). This
was reflected in the National Energy Strategy, approved on 5 October 1999,
which stipulated that Unit 1 should be shut down before 2005, “... taking into
account the conditions of long-term and considerable financial assistance from
the European Union, G-7 countries and other countries, as well as interna-
tional financial institutions”.

Recognizing that without a defined time limit, the further operation of
Unit 2 was likely to hinder admission to the EU, the National Energy Strategy
was revised on 10 October 2002 in preparation for Lithuania’s EU accession
negotiations — the revised strategy providing also for the closure of the
Ignalina Unit 2 by the end of 2009 “...on the understanding that a programme
organising additional financial assistance of the EU to the early closure ... will
be adequately addressed at a later stage of accession negotiations”. Lithuania’s
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commitment to the closure of the plant is reflected in the EU Accession Treaty;
Protocol No 4 contains an expression of solidarity on the part of other EU
Member States to provide financial support to Lithuania for the decommis-
sioning of the Ignalina plant and certain consequential measures in the energy
sector and establishes a financial instrument, the Ignalina Programme, for this
purpose [1].

Unit 1 of the Ignalina nuclear power plant was duly shut down on
31 December 2004, and preliminary decommissioning activities are under way.

2. ASSUMPTIONS FOR DECOMMISSIONING PLANNING
OF THE IGNALINA PLANT

An initial decommissioning study of Ignalina Units 1 and 2 was finalized
in spring 2000 within the framework of the EC PHARE project No. PH4.08/94.
The objective of this study was to develop a Preliminary Decommissioning Plan
(PDP) and to estimate the related decommissioning cost. The study covered all
necessary decommissioning activities before and after permanent shutdown of
Ignalina Units 1 and 2 for various dismantling scenarios. It also defined a
number of decommissioning support investment packages for pre-decommis-
sioning facilities. These facilities are needed for the treatment and storage of
operational radioactive waste and spent nuclear fuel irrespective of the longer
term approach to dismantling the plant.

There is limited international experience in the decommissioning of
RBMK plants, and in the implementation of facilities to support the
preparation for their decommissioning. No other planning documents had been
prepared before the law on decommissioning of Unit 1 of Ignalina was adopted
on 2 May 2000 [1].

In relation to the Unit 1 decommissioning, in 2001 the Government of
Lithuania approved the Ignalina NPP Unit 1 Decommissioning Programme for
the period until 2005 [1]. In accordance with this programme, preparations
were started on new facilities for the treatment and conditioning of radioactive
waste, the construction of an interim dry storage facility for spent nuclear fuel
and the preparation of the licensing documents for decommissioning Unit 1;
some other decommissioning related projects were also implemented or are
still ongoing. A new Decommissioning Programme for the years 2005-2009 was
approved in 2005; this reflects the tasks that are already being implemented but
also adds new ones, such as preparation for the dismantling of equipment and
some dismantling activities.

The Decommissioning Programme is the main planning document and
consists of technical, environmental and socioeconomic measures.
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The main measures cover:

— The preparation of all necessary planning and licensing documents;

— The preparation of a radioactive waste management strategy and all
necessary associated facilities;

— The implementation of urgent measures for replacing the Ignalina
nuclear power plant generating capacity;

— Measures related to social issues and the economic regeneration of the
local area.

The key bodies in the implementation of the Decommissioning
Programme are:

— The Ministry of Economy is the owner of the Ignalina plant and also the
institution appointed by the Government to ensure overall coordination
and management of the EU and national decommissioning funding;

— The Ignalina nuclear power plant, as the operator of the nuclear facility,
according the Law on Nuclear Energy, is responsible for the decommis-
sioning of the nuclear site. The Ignalina plant has established a
specialized Decommissioning Service at the plant and will conduct most
of the dismantling activities with its own workforce;

— The Radioactive Waste Management Agency (RATA) is responsible for
the disposal of radioactive waste generated by the decommissioning.
RATA will own and operate the radioactive waste repositories to be
constructed;

— The principal regulatory authorities are the nuclear safety regulator,
VATESI, and the Radiation Protection Centre (RSC), both of which have
formal responsibilities to approve the decommissioning documentation
produced by Ignalina;

— The Ministry of Social Security and Labour is responsible for the imple-
mentation of social measures in the region, and the local authorities are
the main bodies responsible for the economic regeneration of the region.

From this phase, the lessons learned are that: for cost effective nuclear
facility decommissioning it is essential to have in place all necessary legal
documents covering the future development of replacement energy facilities,
local economy restructuring and radioactive waste management.
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3. FINANCIAL RESOURCES

Without external support, the decommissioning of the Ignalina plant
would represent for Lithuania an exceptional financial burden not commen-
surate with its size and economic strength.

To finance the pre-decommissioning projects for Ignalina, described in
Section 2, the Ignalina International Decommissioning Support Fund (IIDSF)
was established, administered by the EBRD. The activity of the Fund was
formalized in the Framework Agreement between the Republic of Lithuania
and the EBRD relating to the activities of the IIDSF in Lithuania [1]. The
Framework Agreement entered into force on 5th October 2001. Contributions
to the Fund were made by several European donor countries, but from the
outset, the main donor was the EU.

Under Protocol No. 4 of the EU Accession Treaty, the European
Community committed to provide Lithuania with financial assistance in
support of its efforts to decommission the Ignalina plant and to address the
consequences of its closure. The financial assistance under the Ignalina
Programme will cover, inter alia: (i) measures to support plant personnel in
maintaining a high level of operational safety in the periods prior to the closure
and during the decommissioning of the reactor units and measures to mitigate
decommissioning consequences; (ii) measures in line with the EU ‘acquis
communautaire’ to replace the production capacity of the two Ignalina reactors
with modern environmentally sound electricity production plant; and (iii) other
measures which are consequential to the decision to close and decommission
this plant and which contribute to the necessary restructuring, environmental
improvement and modernization of the energy production, transmission and
distribution sectors in Lithuania as well as to enhancing the security of energy
supply and improving energy efficiency in Lithuania..

Before accession, the EU had already contributed €210 million to the
decommissioning of Ignalina (principally through the IIDSF). The Accession
Treaty committed the EU to provide a further €285 million (at 1999 prices) in
the period 2004-2006 and to continue to provide an appropriate level of
funding. In the EU’s next seven year budget plan (the so-called ‘Financial
Perspective’ (2007-2013), it has now been agreed that the EU will continue to
provide over €100 million per year.

EU financial support under the Ignalina Programme can be provided
through two channels:

— Contributions to the IIDSF: The EU is now, by far, the major contributor

to the IIDSF as other donor countries have not made contributions.
Currently around 80% of the annual budget of the Ignalina Programme is
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allocated via this channel. Funding provided through this channel is
mainly directed at large scale pre-decommissioning infrastructure such as
the spent fuel storage and waste handling facilities.

— Directly to Lithuania through the so-called ‘Programmed Instrument’
managed by the Ministry of Economy: This funding channel is used to
support the staff of the shutdown Unit 1 in the safe maintenance of the
reactor (pending removal of the spent fuel) and pre-decommissioning
activities (such as radiological characterization and system isolation),
small-scale infrastructure, social mitigation measures, and technical
assistance to the nuclear regulatory bodies.

In addition to international financing sources, there is funding from
national sources (National Decommissioning Fund (NDF)) financed from a
levy on the price of electricity. The NDF can be used to finance or to co-finance
the decommissioning programme implementation measures. The fund is
controlled by an appointed council and managed by the Ministry of Economy.

Each funding source and funding channel operates to its own rules. This
added complexity, largely a legacy of pre-accession funding arrangements,
leads to further complications in the planning and implementation of
decommissioning projects — especially where interlinked projects are financed
differently.

A lesson learned is that financing from different sources should be
managed by one authorized implementing authority. There should be
transparent and clear procedures of control for the spending of the funds.

4. PREPARATION OF PLANNING AND LICENSING DOCUMENTS

During the decommissioning process, safety will be the overriding
priority. This will be ensured by the strong safety culture already existing at the
Ignalina nuclear power plant, by a clear staff structure and a quality assurance
system that will ensure that all staff understand their roles and duties, and by
ensuring that the whole process complies with the regulatory framework
established in Lithuanian legislation.

Inside its organizational hierarchy, the Ignalina plant has established a
Decommissioning Service which is preparing for the closure and decommis-
sioning of the plant; it consists of a fully integrated team of plant staff and
consultants.

The Ignalina NPP Final Decommissioning Plan (FDP) was prepared by
the Decommissioning Service and adopted by the Minister of Economy
according to VATESI requirements [5]. The FDP includes, inter alia:
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— The Ignalina nuclear power plant facility dismantling strategy;

— An estimate of the decommissioning costs;

— A statement of the Ignalina decommissioning feasibility;

— An outline of the decommissioning methods and techniques;

— An estimate of the waste that will be produced by the decommissioning;

— A description of the decommissioning organization and necessary
resources;

— A conceptual assessment of decommissioning safety and environmental
impact.

The most problematic chapter in the FDP was the selection of the decom-
missioning strategy. Decommissioning strategy, according IAEA guidelines, is
a part of the Final Decommissioning Plan. Essentially the decommissioning
strategy is mainly dependent on external factors: national policy, the
technology of the nuclear facility, financial resources, the economic situation in
the local area, the available workforce, and many other external factors.
However, there is no legal requirement in Lithuania to prepare a compre-
hensive feasibility study on strategy selection, nor to adopt the strategy in
advance of starting preparation of the FDP.

The Ignalina NPP Preliminary Decommissioning Plan (PDP) included
equipment and materials database and an assessment of the cost of different
decommissioning options (i.e. immediate dismantling, deferred dismantling
and entombment) against various sets of assumptions.

The entombment option was discounted for technical and environmental
reasons and because of the uncertainties of cost prediction and of the evolution
of the regulatory framework over a period as long as 200 years. The review was
therefore concentrated on the deferred dismantling and the immediate
dismantling options. Within the deferred dismantling option, different alterna-
tives of safe enclosure were also considered; of these, the small safe enclosure
(essentially retention and isolation of the main reactor structures only) was
preferred.

For the retained options, in the FDP, corrections and updating of: the
Ignalina plant modelling, the waste conditioning techniques, anticipated
disposal costs and means, and revised labour costs, as compared with the PDP,
were taken into account in updating the decommissioning costs as follows:

— In the FDP, the disposal cost of low and intermediate level waste was
taken to be €2400/m> for conditioned waste in a near surface disposal
site. The use of a landfill facility for very low level radioactive waste (at
€240/m*) with better waste stream segregation and conditioning was also
considered.
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— The wage costs were assumed to vary from €5 to €40 per hour according
to different scenarios for labour cost increases over the period of decom-
missioning.

After updating, and considering only the deferred dismantling (small safe
enclosure) and the immediate dismantling options, the total costs for decom-
missioning were compared with those in the Ignalina plant PDP review report
and in the document on technical and financial considerations required to
select an Ignalina dismantling strategy.

Initially the Ignalina plant proposed the deferred dismantling (small safe
enclosure) strategy with reactor core cooling for 35 years. However, in reaching
a final decision on the Ignalina dismantling strategy, the Lithuanian
Government complemented the technical and financial analysis presented by
the Ignalina nuclear power plant with consideration of more general social,
political and economic factors at the local, regional and national levels so as to
encompass the wider Lithuanian socioeconomic situation.

In the discussions, the most significant considerations were the economic
situation of the region (heavy dependence on one employer, lack of integration
of the Russian speaking workforce into the broader Lithuanian labour market)
and the fact that financing is mainly from external sources, principally the
European Union (hence the inability to increase funds through investments);
however, the overriding factor was the possibility of making use of the existing
operational staff of the Ignalina plant for decommissioning activities.

Based on these considerations, in November 2002, the Government
issued a statement that: “... in order to prevent heavy long term social,
economical, financial and environmental consequences... decommissioning of
Unit 1 of the State Enterprise Ignalina NPP shall be planned and implemented
in accordance with the immediate dismantling strategy”. This decision now
applies to the decommissioning of both units.

At the cessation of operation and during the decommissioning period, the
final decommissioning plan will be the principal document on which all lower
level documentation is based and the decommissioning activities.

Owing to its importance, initially it was foreseen that the FDP should be
adopted by governmental decision as a legal document. However, during the
adoption procedure it became clear that this document did not corresponded to
the requirements for legal acts in Lithuania. Furthermore, the FDP is a ‘living’
document which should be revised yearly. During the adoption procedure its
content has been corrected several times, causing delays in the planning
process.

A lesson learned from this process is that the decommissioning strategy
should be adopted in the form of a separate document, prior to starting
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preparation of the Final Decommissioning Plan. The decommissioning strategy
must take into account all external factors as well as the technical possibilities.

5. PREPARATION OF RADIOACTIVE WASTE
MANAGEMENT INFRASTRUCTURE

Decommissioning of the Ignalina nuclear power plant will give rise to
significant amounts of radioactive waste. Furthermore, consideration must also
be given to the existing radioactive waste and spent fuel already on the site and
that to be produced in the remaining years of Unit 2 operation. This has neces-
sitated significant improvements the legal framework and operational infra-
structure for radioactive waste management. According to the immediate
dismantling strategy, the decommissioning process for the Ignalina plant will
last for 30 years and will result in a ‘brown field’ site with continuing
supervision of the residual radioactive waste storage and disposal facilities.
Radioactive waste management is therefore both an immediate and a long
term consideration in decommissioning planning.

The basic regulatory framework regarding radioactive waste in Lithuania
was established in 1999 under the ‘Law on Radioactive Waste Management’ [1]
(closely linked to the ‘Law on Nuclear Energy’). This law sets out principles for
radioactive waste management, defines facilities (for storage and disposal), and
sets additional (compared with the Law on Nuclear Energy) required fields of
competence and responsibilities for the institutions concerned. For the
operator of a nuclear facility, the law sets obligations for compliance with
specific procedures, standards, rules and conditions of licence and requirements
to perform monitoring of the public and the environment, to develop and
implement quality assurance programmes, and to prepare accident and
incident response plans.

Importantly, this law also provided for the creation of a specialized body,
the State Enterprise Radioactive Waste Management Agency (RATA), under
the Ministry of Economy. RATA, formally established in 2001, is now
conducting investigations into the siting of a near surface repository, which it
will in due course operate, for the waste arising from the Ignalina plant
decommissioning.

In 2002, the more technically detailed Radioactive Waste Management
Strategy was prepared [1] mainly in order to establish the essential infrastruc-
tures based on modern technologies and to specify practical measures aimed at
implementing the basic principles of the relevant IAEA and EU legislation.

The strategy sets out the basic objectives for the improvement of
radioactive waste management in Lithuania. It also elaborates the principles
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for the management of solid and liquid radioactive waste and spent fuel from
the Ignalina NPP, the management of radioactive waste generated by small
producers, along with the necessary procedures and systems and the directions
of associated scientific research.

As a result of establishing a sound legal framework, a specific strategy for
radioactive waste management, and a specialized institution through which the
strategy can be implemented, Lithuania is now well placed to proceed with the
construction and operation of the required storage and disposal facilities for
the decommissioning of the Ignalina plant.

A lesson learned is that before starting decommissioning planning, it is
very important to have a clear strategy for radioactive waste management,
including treatment, storage and disposal, and to have all the necessary institu-
tions in place to implement the strategy. The absence of these facilities can
cause delays in the decommissioning process.

6. MEASURES RELATED TO SOCIAL ISSUES
AND REGENERATION OF THE LOCAL ECONOMY

The closure of the Ignalina nuclear power plant will have an economic
impact on Visaginas town as well as on the Ignalina and Zarasai districts.
However, the greatest social consequences will be for Visaginas, which was
purpose-built for the power plant employees. The earnings and jobs of the
majority of the population in Visaginas town and Ignalina district, and to a
lesser extent in Zarasai district depend on the power plant, which is the major
employer and the largest customer in the region.

A study of the consequences of the Ignalina’s decommissioning was
carried out within a project financed through the EU PHARE programme. The
study, entitled ‘“Technical Support to the Study on the Ignalina NPP Decommis-
sioning Social Costs’, was conducted by a consortium of companies from the
United Kingdom, Finland and Lithuania. The consortium experts, in their final
project report prepared in October 2001, presented an assessment of the social
and economic consequences of Ignalina’s decommissioning on the region.

The study examined, from social and economic perspectives, three
scenarios for the future of Visaginas and the affected surrounding region:
balanced redevelopment, controlled run-down, and uncontrolled stagnation.
According to the conclusions of the study, the balanced development scenario
is the most effective in both the social and economic respects. By comparison,
the cost of the controlled run-down of the region would be 1.5 times higher, and
that of the uncontrolled stagnation would be 2.1 times higher.
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Efforts are therefore being made to restructure and diversify the local
economy making use targeted instruments available to EU Member States. For
example, with support from the Structural Funds, a large furniture factory is
now under construction in the vicinity of Visaginas. This form of redevel-
opment requires close cooperation with the local authorities in the region
affected.

The ‘Law on Additional Employment and Social Guarantees for the
Employees of the State Enterprise Ignalina Nuclear Power Plant’ [1]
establishes additional employment and social guarantees for the employees of
the Ignalina NPP who will, or have already, lost their jobs as a result of the NPP
decommissioning, as well as for their family members. By seeking to mitigate
the negative social consequences of job loss, it is intended to ensure the safe
and uninterrupted work of the Ignalina plant until the end of its operation.

The principal measures take the form of indirect and direct support to
employment:

— ‘Indirect support’ will include targeted programmes on employment,
regional development, and business promotion

— ‘Direct support’ focuses on the individual and will include the drawing up
and implementation of personal plans for providing employment. In
addition to the standard measures available to the unemployed under
Lithuanian law, measures for those directly affected by plant closure may
include: vocational training, retraining, pre-dismissal paid educational
leave, subsidized job placements (each placement subsidized to the value
of 24 minimum monthly wages), the possibility to learn the Lithuanian
language and other active labour market measures (the same additional
employment guarantees apply to unemployed family members of those
affected by the plant closure provided that they have registered at the
labour exchange).

Former Ignalina employees made redundant because of plant closure will
also be eligible for additional severance pay (based on years of service) and, if
applicable, certain pre-retirement benefits.

The lessons learned are that it is very important to involve local author-
ities, the public and other stakeholders, up to the level of Members of
Parliament, in the preparation of the long term economic development strategy
and in the necessary programmes for its implementation.
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7.  CONCLUSIONS

The closure of any major industrial facility will inevitably create certain
difficulties; however, when considering the shut down of the Ignalina nuclear
power plant, it is important to highlight the exceptional surrounding circum-
stances:

— Since independence, the Ignalina plant has been by far the major
generator of electricity in Lithuania; its closure will therefore necessitate
the complete restructuring of the national electricity supply and the
creation of replacement capacity.

— The Ignalina plant will be the first with RBMK reactors to be fully
decommissioned to the level of a brown field site, thereby posing signif-
icant, groundbreaking, technical challenges.

— During the time of the USSR, there was no plan for the permanent
disposal in Lithuania of any radioactive waste originating from the
Ignalina plant. The entire legal and regulatory framework for radioactive
waste management had to be established in advance of the construction
of the infrastructure and facilities.

— Funding for decommissioning and the consequential measures in the
energy sector is largely provided by the EU. The EU plans its own budget
in seven year periods — much shorter than the timescales for decommis-
sioning — and funding beyond 2013 cannot be predicted. Furthermore,
the arrangements for funding are complicated by legacy implementation
structures, often ill-adapted to the nature of the projects.

— Nuclear power plants established during the time of the USSR, such as
the Ignalina plant, were designed to be operated by a very large staff
(typically five times that of a western plant of equivalent output), often
accommodated in purpose-built, single-employer towns. In the case of
Ignalina, the situation is further complicated by a lack of integration of
the Russian-speaking community serving the plant into the broader
Lithuanian society.

These diverse problems have had to be tackled at a highly accelerated
pace in order for Lithuania to meet its commitments for plant closure and have
necessitated a holistic approach, within which the immediate decommissioning
strategy is one aspect. Many lessons have been learned in this process and it is
hoped that they will be of value in the closure of other nuclear facilities
elsewhere.
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Abstract

The BN-350 fast breeder reactor at Aktau (in Kazakhstan) on the eastern shore of
the Caspian Sea was formally shut down in 1999. The Government of Kazakhstan chose
a deferred dismantling strategy and decided that the reactor should be placed in safe
storage for 50 years, starting in 2013. In 1999, at the request of that Government, the
TAEA constituted an Advisory Committee that, among other things, was to oversee the
production of a decommissioning plan. The idea was that this plan should serve as a
basis to call a conference of potential donor countries that could find the financing
needed for decommmissionning. The decommissioning plan that was submitted to the
TAEA in 2002 was, however, judged to be inadequate by the group of experts advising
the TAEA. A new plan is due to be presented in 2006. Meanwhile, Kazakhastan has
developed a ‘plan of priority measures’ to prepare the reactor for storage. Considerable
progress has been made in the realization of this plan, with financial support and
expertise from the USA, the European Commission and the United Kingdom. As a
result, and in spite of the lack of a decommissioning plan following the IAEA rules,
decommissioning is progressing satisfactorily. This situation is a good example of what
should not happen in a decommissioning project. Among the main reasons for this
unsatisfactory situation are: misunderstandings about what a decommissioning plan
actually is; a lack of understanding about the management of large industrial projects;
cultural and linguistic differences; the large number of organizations involved; and the
inadequate or insufficient expertise of many of those involved. There is, however, no
indication that safety problems have occurred since the shutdown of the reactor.

1. INTRODUCTION
Kazakhstan is the largest republic in Central Asia. It extends from the

Caspian Sea in the west to the Chinese border in the east and covers a total
area of 2 700 000 km?, which corresponds approximately to the area of Western
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Europe. Its population, with about 15 million inhabitants is slightly smaller
than that of the Netherlands. The BN-350 fast breeder reactor is located in
Aktau, on the eastern shore of the Caspian Sea. It served a triple purpose:
producing energy, desalinating seawater and producing plutonium.
Construction started in 1964, the reactor became critical in November 1972,
and power operations began in June 1973. It was the first power producing fast
breeder reactor in the world. The reactor is a loop type, sodium cooled
machine. The primary and secondary circuits are sodium cooled, while the third
one is water cooled. The primary and secondary circuits each possess six loops.
The reactor, which was designed to operate for 20 years, had a thermal power
of 1000 MW but it never operated at more than 750 MW because of limitations
set by the steam generators.

Kazakhstan became an independent republic in 1991 and, in 1992, a
decision was taken to extend the life of the reactor to 2003. However, an IAEA
Operational Safety Review Team (OSART) mission concluded that the
available resources were insufficient to maintain a minimum adequate level of
safety. It was also realized that upgrading the reactor would take three years
during which it would have to be maintained but would not produce any
energy.

From 1993 onwards (beyond the end of its design lifetime) the reactor
required an annual technical justification from the Russian organizations that
had licensed it. In 1998, this justification was refused and the Kazakhstan
Atomic Energy Commission (KAEC) decided not to extend the licence. In
Avpril of the following year (1999), the Government of Kazakhstan approved a
decree requiring the decommissioning of the reactor.

2. 1999 — A CRITICAL YEAR FOR THE PROJECT

The year 1999 was critical for all future developments regarding the
BN-350 reactor. On 22 April 1999, the Government signed its decommissioning
decree. A delayed decommissioning option was chosen, according to which the
reactor would first be prepared for deferred dismantling. It would then be left
for 50 years in a safe storage condition (‘Safestore’) and final decommissioning
would only occur afterwards. The first (preparation) phase was intended to last
until 2013, the second from 2013 to 2063 and the last phase (the final decom-
missioning phase) from 2063 to 2075. That same decommissioning decree also
specified that a ‘Plan of Priority Measures for the Decommissioning of the
BN-350 Reactor’ shoul be prepared.

From 10-13 May 1999, a workshop was held in the capital city, Almaty,
with the participation of the IAEA and of several States willing to contribute to
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the decommissioning operations. They were Japan, Germany, France, Italy, and
the USA. The European Commission (EC) was also represented. At the
meeting it was proposed that an Advisory Committee should be established,
coordinated by the IAEA. Its purpose was to help to coordinate the efforts of
all parties, to ensure that IAEA safety standards were applied during decom-
missioning, to help in finding solutions to decommissioning problems and to
advise the Government of Kazakhstan on such issues.

The first Plan of Priority Measures was approved by the Government in
July 1999. It foresaw the following actions:

— Developing a decommissioning project;

— Ensuring safety during preparations for safe storage;

— Finding a replacement for the heat previously supplied by the reactor;

— Unloading the fuel and draining the sodium from the circuits;

— Reducing the volume of existing liquid radioactive waste to create new
capacity for future waste.

From 17-19 August 1999, the first meeting of the proposed Advisory
Committee took place in Vienna. Participants from Kazakhstan presented a list
of tasks to be accomplished according to the Plan of Priority Measures and
indicated a need for foreign expertise and financial support. Other participants
explained that to convince their respective national authorities to contribute,
they would need to have an overall decommissioning plan and an overall cost
estimate. The delegates from Kazakstan undertook to prepare such a plan.

However, before this meeting, in 1997, Kazakhstan and the USA had
signed an agreement, according to which, at the time of decommissioning, the
reactor fuel would be stabilized and packaged, transported to a safe storage site
and left there for 50 years. In other bilateral projects, the USA undertook to
support the planning for decommissioning and the decontamination and
draining of the sodium. After the formal shutdown decision, the USA also
agreed to support the KAEC to develop regulatory oversight of activities
related to decommissioning.

Finally, and also prior to 1999, through its TACIS programme, the EC had
undertaken to help repair leaks in the fuel storage pond, to supply fire fighting
equipment and to help maintain the safety of the reactor during shutdown.

3. COMMUNICATION PROBLEMS

Although nobody noticed it at the time, this year 1999 also marked the
beginning of a period in which there were a series of not jusatified assumptions
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and misunderstandings that were to lead to the strange situation that exists
now, in which the reactor is being decommissioned without a decommissioning
plan. The confusion started with the lack of understanding of what a decommis-
sioning plan should be. Nobody in Kazakhstan had much experience with
preparing such a plan and it was presumably assumed that the existing Plan of
Priority Measures could be slightly modified and made into a decommissioning
plan. On the other hand, the IAEA Secretariat and the members of the
Advisory Committee (other than those from Kazakhstan) insisted on the
numerous requirements that belong in a decommissioning plan according to
the rules of the IAEA. For its part, KAEC determined that unless a decommis-
sioning plan received IAEA approval, Kazakhstan would not attempt to
organize a donors’ conference to fund the decommissioning. This made the
decommissioning plan a basic prerequisite for future financing in the context of
the TAEA coordination. However, the bilateral agreements between
Kazahstan and other contributers (USA, EC, and later the United Kingdom)
were not affected by the progress of the decommissioning plan.

The company in charge of the decommissioning (KATEP) contracted the
drafting of a decommissioning plan to the Kazakhstan Nuclear Technology
Safety Centre (NTSC). However, none of the persons involved had had
experience of a decommissioning project of the magnitude of that required for
the BN-350.

In 2002, a Decommissioning Plan was presented to the Advisory
Committee. After a number of improvements, the plan was transmitted to the
IAEA for evaluation by a group of selected experts from IAEA Member
States. In summer 2003, the expert group gave its view that the plan did not
meet international standards and best international practices and
recommended that a new plan be prepared.

This negative evaluation discouraged many in Kazakhstan, perticularly in
NTSC. It also suggested that the expertise available within the Advisory
Committee may not have been sufficient to evaluate a decommissioning plan in
detail.

The negative evaluation of the plan in 2003 probably precipitated an
evolution that had already started in 1999. The two projects were now moving
in parallel, one dealing with an internationally acceptable decommissioning
plan and the other dealing with the actual decommissioning of the reactor
according to the Plan of Priority Measures, financed in part by Kazakhstan and
in part by foreign countries, on the basis of bilateral agreements.
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4.  PROGRESS OF THE DECOMMISSIONING

Part of a revised decommissioning plan was submitted to the IAEA in
autumn 2006, but, in any case, the decommissioning work is progressing on the
reactor. The progress to date is:

— The fuel has been unloaded and casks for transport to a repository in
Baikal-1 are under construction;

— Sodium has been drained from the reactor and decontaminated through
caesium traps;

— A sodium processing facility is under construction and an experimental
geocementation plant is being designed;

— A facility to process liquid radioactive waste will soon be under
construction;

— The design of a facility to process solid radioactive waste has been
approved;

— The reactor building and all facilities that will remain in safe storage for
50 years are being repaired;

— A comprehensive engineering and radiation survey has been completed.

Throughout this work, the KAEC has ensured that the different tasks
were carried out according to IAEA safety standards. It is clear that the
relevance of a decommissioning plan decreases as the actual decommissioning
work progresses. It is also quite possible that once the reactor enters the 50 year
period of safe storage, its fate after 2063 will be of little interest to anybody and
the motivation to develop a decommissioning plan for the years beyond that
date will disappear. For now, it would appear that it is unlikely that an ITAEA
supported donors conference will materialize. Such a conference had originally
been considered to be a major reason for wishing to have a Decommissioning
Plan.

As the word ‘Safestore’ implies, the immediate objective of the
authorities in Kazakhstan is to place the reactor into safe storage by 2013, at
the latest. This means that by that time, all fuel elements should have been
removed from the site, the sodium should have been drained from the reactor,
cleaned of its radioactive caesium and neutralized and the caesium traps should
also have been removed from the site. Buildings that are to remain standing
should be repaired, where needed, and services that may be required during
the 50 years of Safestore (lighting, ventilation, etc.) should be functioning.
Finally, the physical protection of the site perimeter has to be ensured and the
necessary human resources should be available for that purpose. According to
the present plans, and judging from what has already been accomplished, the
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chances are reasonably good that these activities will all have been completed
in time.

S.

LESSONS TO BE LEARNED

What lessons should be drawn from this bizarre situation and, in

particular, what can others gain from it?

— Do not follow the example of the BN-350

204

Do not assume that the case of the BN-350 shows that a decommissioning
plan is not needed. It would be wrong to assume that Kazakhstan is
dismantling the reactor without any control. The operator has written a
systematic ‘Plan of Priority Measures’ that has been approved by the
KAEC. That regulatory body verifies that work is proceeding according
to plan and that IAEA standards are being respected. The analysis of the
2002 decommissioning plan by outside experts has shown that some
aspects of the decommissioning are not being treated in sufficient depth
to satisfy IAEA rules. In particular, the planning for activities during and
after Safestore is not sufficiently detailed so that the actual costs have
only been roughly estimated. Even though decommissioning of the
BN-350 appears to be proceeding safely, this case should not be taken as
an example to be followed.

Watch for cultural and linguistic differences

In retrospect, it is relatively easy to see where mistakes have been made,
but at the time it was not so apparent. To people outside Kazakhstan the
relations between the national organizations were not clear and their
respective roles were only vaguely understood. As is proper, the
leadership of the project remained at all times with the organizations in
Kazakhstan and the Advisory Committee only made suggestions.

Cultural differences play an important role in a project of this nature. A
lack of comprehension or even resentment can easily arise without any
partner realizing it. A poorly worded suggestion or a misunderstanding in
a particular proposal may create difficulties in communication and an
approach that appears quite ‘normal’ to one party may be incomprehen-
sible to another.
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Where interpreters have to be used, spontaneous reactions are hardly
possible and informality does not develop.

Are the blind leading the blind?

Decommissioning a fast breeder reactor is a very special task. Except for
groups in the USA, in the United Kingdom and in France, there is little
experience in this particular field. In the case of the BN-350, an added
difficulty is that Kazakhstan ‘inherited’ the reactor from Russian organi-
zations. Given this situation, Kazakhstan has done reasonably well
considering the nature of resources available in the country. Decommis-
sioning a reactor is a major industrial operation that requires knowledge
of specific management techniques, as well as experience with other large
operations. It would appear that no suitable person was available in the
country to take the lead in decommissioning the BN-350. This meant that
whatever the qualities of the people involved, much learning had to take
place on the job. As the overall programme involves at least 22 organiza-
tions and ministries (eight in Kazakhstan, three in the Russian
Federation, eight in the USA and at least three in Europe) leading the
programme would have been a challenge even for a highly experienced
manager. In spite of well-meaning suggestions, the Advisory Committee
does not appear to have found approaches that would have strengthened
the team that managed the project.

The IAEA follows specific rules

The TAEA Secretariat can only take initiatives at the request of a
Member State. Furthermore, if asked for help, it must insist that whatever
support it gives will be done within the constraints of its own safety
standards. It was quite natural that in response to a request from
Kazakhstan the IAEA would require the preparation of a decommis-
sioning plan before it could coordinate a donors conference. The position
of Kazakhstan was evidently delicate. On the one hand it was being
offered immediate help to start decommissioning a reactor that presented
a certain proliferation risk. On the other hand, it was told to first prepare
a decommissioning plan before the start of decommissioning.

What could be the role of the Advisory Committee?

As is common in such cases, the IAEA Secretariat asked Member States
to send delegates to the newly created group. Member States were
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therefore free in their choice of representatives. The Committee had to
advise the Government of Kazakhstan on the safety standards to be
applied, had to assist in finding final solutions and had to coordinate the
activities of potential donor states. It had some expertise in a wide variety
of areas besides decommissioning, but it did not have enough experts
familiar with practical decommissioning work. In retrospect, the
Committee should itself have been more critical of the development of
the decommissioning plan and should have suggested to the IAEA
Secretariat not to send the 2002 report to outside experts.

— Possible improvements

Could things have been done better and how? It is easy to criticize an
operation in retrospect. It is now clear that communication between all
the partners should have been far more intensive from the very
beginning. Ideally, many members of the Advisory Committee should
also have been fluent in both Russian and in English. Some fundamental
misunderstandings also arose because the same words meant different
things to different people. One such term is evidently ‘decommissioning
plan’. Furthermore, the lack of direct, personal experience in decommis-
sioning operations of many members of the Advisory Committee was
definitely a weakness.

6. CONCLUSIONS

Finally, the conclusions to be drawn from our experience with the BN-350
are the following:

— Excellent communication between the major players is critical;

— A good understanding of modern project management techniques is
essential on the part of the operator;

— A specialized knowledge of decommissioning techniques must be
available to the operator and to the regulatory body;

In the end, the personal qualifications of the people in place and their

leadership qualities will make the difference between the success and the
failure of such a project.
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DISCUSSION

S. LINDSKOG (Sweden): I was pleased to hear what you said about good
linguistic skills in various languages helping to improve project quality. In
Sweden that view is unfortunately not held at all.

A.J. BAER (Switzerland): Technicians are not expected to be linguists,
and they participate in projects using whatever languages they speak. One has
to deal with such situations pragmatically. If everyone had the same first or
second language, things would be easier.

S. LINDSKOG (Sweden): Yes, but there is a tendency to demand that
technicians use only English. We have forgotten languages such as Russian,
which is a lingua franca in countries of the former Soviet Union.
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Abstract

Argentina’s legal infrastructure defines the Comisién Nacional de Energia
Atémica (CNEA) as responsible for the decommissioning planning of all significant
nuclear facilities in the country, and for the decommissioning of nuclear power plants.
On the basis of related experience from more than 50 years of nuclear activities in the
country and international cooperation and assistance, the CNEA started its Decommis-
sioning Subprogram in 2000. The paper presents lessons learned during the develop-
ment of a structure for decommissioning and the experience arising from
decommissioning planning under conditions of constrained resources.

1. INTRODUCTION

Nuclear activities in Argentina started in 1950. Two nuclear power plants
are presently in operation and a third one is under construction, six research
reactors and critical assemblies remain operational. Significant nuclear
facilities include factories for the production of both power and research
reactor fuel, Mo and ®Co production facilities, as well as a number of fuel
cycle installations and facilities for the application of radioisotopes and
radiation in industry and medicine. Overall, the Nuclear Regulatory Authority
(ARN) has licensed 28 nuclear facilities. Nuclear activities grew until the
mid-1980s, then slowed down and no significant growth occurred after the
mid-1990s until the recent decision to complete the construction of the third
nuclear power plant.

Decommissioning responsibilities fall on the National Atomic Energy
Commission (CNEA). Even if no facility is shut down in the near future,
decommissioning planning is required for at least two reasons: the regulatory
requirement to be consistent with current international practices, and the
requirement to make decommissioning waste estimates according to the
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National Program on Radioactive Waste Management (also under CNEA).
Consequently, in May 2000, the Decommissioning Subprogram was created
within the CNEA Technology and Environment Branch.

At the same time, the country suffered the deepest economic and social
crisis in its history, a situation peaking at the end of 2001 with events reflected
by the world media. This situation has had an influence — by stressing the need
to save as many resources as possible, without negative effects on safety, in the
proposed decommissioning alternatives and in the planning itself.

The purpose of this work is to present lessons learned during the
development of a structure for decommissioning and the experience arising
from decommissioning planning under conditions of constrained resources.

2. EXISTING EXPERIENCE

As previously stated, by the time the Decommissioning Subprogram was
established there had been 50 years of nuclear activity in the country. Until
1994, when the nuclear utility Nucleoeléctrica Argentina S.A. (NA-SA) was
created, basically from the Nuclear Power Stations Branch of CNEA,
practically all significant nuclear activities were concentrated within the
CNEA. Many decommissioning tasks were performed during these years, and
many techniques relevant to decommissioning were developed, including:

— The dismantling of the RA-2 critical assembly and the release of its
building (1984-1989);
— The dismantling and change of reactor internal components and other
components of the RA-3 radioisotope production reactor (1988-1990);
— The replacement of fuel channels, instrumentation guide tubes and work
on reactor internal components of the Atucha I nuclear power plant
(1988-1990);

— The replacement of reactor internal components during programmed
outages of the Atucha I nuclear power plant (1991-2003);

— Technology development, among other things, in decontamination,
cutting and dismantling techniques, and remote operations, usually for
purposes not related to decommissioning.

At the present time, these experiences and knowledge are shared by
different groups within CNEA and NA-SA.
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3.  INTERNATIONAL COOPERATION

Argentina has been involved in international cooperation in decommis-
sioning from the very beginning of its deommissioning programme. In fact, a
related technical cooperation project with the IAEA started two years before
the Decommissioning Subprogram was formally established.

In some cases, existing cooperation agreements with CNEA were
extended to include decommissioning (e.g. with Germany, Spain and the USA).
In other cases, specific agreements or activities were established (e.g. with the
IAEA and Belgium). Activities resulting from international cooperation on the
development of a decommissioning infrastructure in CNEA include the
following:

—TAEA:

— Technical cooperation project providing staff training and experts;

— Regional training course on the decommissioning of research reactors
and other small nuclear facilities held at CNEA in 2001, with 33 partici-
pants from 14 countries;

— Two expert missions to assist in Atucha I nuclear power plant decommis-
sioning planning;

— Participation in a coordinated research project (CRP) on Disposal
Aspects of Decommissioning Waste.

— Department of Energy (DOE), USA:

— Specific training course on decommissioning for Argentine staff at the
Argonne National Laboratory, 1998;

— Workshop on decommissioning held in Buenos Aires, 2001;

— Technical visits to DOE facilities being decommissioned, 2000 and 2001;

— Financing of a technology development project on mechanical decontam-
ination;

— Equipment donation.

— Forschungszentrum Karlsruhe, Germany:

— Workshop on decommissioning held at CNEA, 2003;

— Expert mission on the decommissioning of nuclear power plants;

— Staff training in Germany on the decommissioning of MZFR reactor, the
prototype of Atucha I nuclear power plant.
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— ENRESA, Spain:

— Expert mission;
— Staff training and technical visits to the Vandellos I nuclear power plant
when under decommissioning.

— SCK-CEN, Belgium:

— Staff training in the decommissioning of BR-3;
— Technical meeting held at CNEA in 2005.

4.  ACTIVITIES IN THE PERIOD 2001-2005

Activities promoted by the Decommissioning Subprogram can be
classified under three different headings as described below.

4.1. Development of human resources

As already mentioned, during more than fifty years of activities, CNEA
had developed, although with other objectives, human resources and capabil-
ities in most of the technologies required for decommissioning. Nevertheless,
the application of these technologies to decommissioning required some
training in order to switch from an ‘operations’ mentality to a ‘decommis-
sioning’ one; for example, components to be decontaminated do not need to
remain operational, cutting may require aerosol control or even remote
techniques, and the time span for planning may be orders of magnitude longer.
The value of sharing this training with staff from the nuclear utility NA-SA and
from the regulatory body ARN was also recognized.

International cooperation was a key element in this area; staff training
included:

— Training of six staff members from CNEA in radiological characteri-
zation, decontamination, dismantling and cutting techniques, quality
management and waste characterization at FZK (Germany), SCK-CEN
(Belgium) and ENRESA (Spain).

— Specific training course on decommissioning at Argonne National
Laboratory (USA) for eight assistants from CNEA, the nuclear utility
NA-SA and the nuclear regulator ARN.
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—IAEA regional training course at CNEA, involving 11 Argentine
technicians from CNEA, NA-SA and ARN, as well as 22 technicians from
13 other countries.

— Eight expert missions from the IAEA, FZK, ENRESA and SCK-CEN.

— Eleven technical visits by CNEA staff to FZK, ENRESA, Argonne and
Brookhaven National Laboratoriess, Savannah River and Hanford Sites,
SCK-CEN Mol.

— One Master’s thesis at Buenos Aires National Technological University
on Quality Management in decommissioning.

— Three CNEA fellowships on research into concrete removal techniques
and mechanical decontamination.

4.2. Decommissioning planning

Decommissioning planning has concentrated on the Atucha I nuclear
power plant (a 357 MW(e) PHWR of Siemens design) and on the RA-1
research reactor. In the second case, participation in an IAEA CRP was
extremely helpful and, as a result, a procedure for decommissioning planning
and the prediction of the total waste from dismantling was applied to five other
research reactors and critical assemblies operating in the country.

The decommissioning planning and cost analysis of Atucha I was
developed in a joint effort with the utility NA-SA, and with the assistance of
two one-week missions by an IAEA expert. Participation of the operator in
decommissioning is generally welcomed; in the Atucha I case, it was of great
importance, because of the unique design of the plant and the modifications
introduced by the operator over more than thirty years of operation.

4.3. Decommissioning technology

When the Decommissioning Subprogram was created, it was decided that
the actual decommissioning would not be based on turnkey contracts. Many
tasks would need to be contracted, but the CNEA would keep full control over,
and responsibility for, the overall project. This policy implied that it would be
convenient to develop local contractors following the CNEA tradition which
started during the 1960s with the construction of the first nuclear power plant.

Within the same line of thought, the adaptation and/or development of
the technology to be used in decommissioning was decided upon; this includes:

— A review of techniques already developed within the country that may be
used in decommissioning;
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— A study of the eventual use of some of them in actual decommissioning
problems (as an example, electrochemical decontamination was tested in
irradiated fuel channels being replaced in the Atucha I nuclear power
plant);

— The development of equipment for decontamination by abrasion in
vibratory tumblers, partially financed by the US DOE;

— Basic research, including a PhD thesis, on the removal of concrete layers.

5. LESSONS LEARNED ON DEVELOPING AN INFRASTRUCTURE
FOR DECOMMISSIONING PLANNING

The following experiences and suggestions resulted from the
development of a decommissioning infrastructure under particular
circumstances and conditions; these were:

— Nuclear activities developed during half a century, growing steadily
during the first thirty years, and then gradually slowing down;

— Qualified staff having little or no experience in decommissioning;

— Severe constraints on resources due to a deep economic and social crisis.

5.1. Lessons learned regarding planning
Establish your priorities carefully in planning

When starting decommissioning planning, the facility selected to begin
with should be chosen carefully.

In the Argentine case, due to cost, the impact for waste management and
the possibility of having strong cooperation with the utility, it was necessary to
begin with a nuclear power plant. As a second priority, research reactors were
chosen due to the fact that there are six of them, with a significant probability
of an unplanned permanent shutdown. It was decided to learn decommis-
sioning with one of them, chosen on the basis of age, absence of radioisotope
production commitments, available staff and geographical location.

Look for decommissioning skills, experience and techniques
within your own organization/country

The CNEA and the nuclear utility NA-SA have performed many tasks

and developed (and used) many techniques closely related to decommis-
sioning, in non-decommissioning projects. Examples are the modifications and
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the upgrading of facilities, including a nuclear power plant, where radiological
characterization, decontamination, cutting, dismantling and waste
management were necessary activities.

It is very useful to investigate your organization and similar ones in your
country for relevant skills and experience. In order not to repeat what has been
already done, those skills must be identified, and some training provided to
make people ‘switch from operation to decommissioning’.

Take benefit from the large amount of existing information

The IAEA, OECD Nuclear Energy Agency (OECD/NEA), national
organizations, and regulators have produced a large number of accessible
documents covering most aspects of decommissioning, including actual experi-
ences. Time invested in literature surveys and in producing state-of-the-art
documents on relevant subjects can be profitable.

Participation of the operator is extremely useful, should be encouraged
and, if necessary, the operator should be motivated

In the Argentine case, the operator is not responsible for decommis-
sioning. Nevertheless, the utility NA-SA participates in decommissioning
planning on the basis of an agreement with CNEA. This agreement was based
on the interest of the NA-SA in knowing the decommissioning costs for its
power stations in order to be able to produce an economic analysis of their life
extension.

It was also found that the operational staff became more cooperative
after a seminar by a foreign expert showing the importance of participation by
the operation staff in the actual decommissioning work of a nuclear power
plant.

Work from the very beginning with the regulator

In countries lacking decommissioning experience, the regulator must also
become acquainted with the subject, develop staff knowledge and a regulatory
framework. Working from the beginning in a close relationship with the
regulator will help in anticipating regulatory changes that, in some cases, imply
additional (and important) costs. This cooperation will add mutual confidence,
and will also help to develop a safety culture in the decommissioner, which, in
the long term, will also reduce costs.
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Work in close relationship with the waste management sector

Decommissioning planning and the selection of a decommissioning
strategy are influenced by the waste management system. Our experience is
that working in close relationship with the waste management organization can
have positive feedback effects, for example, in the elaboration of long term
waste management plans.

Benefit from knowledge management projects and techniques

Lack of information on design, construction and operation, especially in
relation to old facilities, is a well-known challenge for decommissioners.
Interaction with, and results from, a CNEA Project on Knowledge
Management [1] was quite helpful, mainly for retrieving data on the
construction and early operation of the RA-1 research reactor, which reached
criticality in 1958.

State clearly, in a separate referenced document,
all assumptions made in the decommissioning plan

It is important to clearly state all the assumptions made when developing
the decommissioning plan, if possible, in a separate document referenced in the
main plan. This facilitates the updating of the plan whenever some of these
assumptions are changed. The time frame for a decommissioning plan may be
quite long, and over the years, many changes may occur in the legal infra-
structure, regulations, cost definitions (taxes, labour,...), usable technology, site
conditions, etc..

Document as much as possible, and be redundant
in storing the documents

Work on decommissioning planning may be used in many years from
now. Therefore, it is important to clearly document it, and to be redundant
when filing copies with different organizations and areas within your own
organization. In our case, useful documentation from a 20 year old dismantling
project was lost during organizational restructuring, due to the mistake of filing
a single copy in a single area.
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In future facilities, select materials carefully,
mainly concrete aggregates

Most decommissioning waste in research reactors and accelerators is
activated concrete rubble, in many cases in the category of low level radioactive
waste with long half-lives (due to '’Eu, '®™Ho, *H, *°Cl), whose disposal is
expensive and problematic due to the extremely long times involved. For long-
lived nuclides, it is important that both the specific activities in the waste and
total inventory are kept below storage/disposal limits.

As the concentration at trace levels of parent isotopes usually falls within
a wide range, the activation of long-lived nuclides can be greatly reduced by
proper selection of concrete aggregates and cement during the construction of
facilities. Work done in Japan may be used as a guideline in this respect [2].

5.2. Lessons learned regarding international cooperation
Use international cooperation while there is time

Labour is the main cost in decommissioning planning projects, and is one
of the most relevant cost items in actual decommissioning projects. Interna-
tional cooperation, mainly through the IAEA, but also through some bilateral
agreements is an optimal way of obtaining good advice and of benefitting
through sharing experiences.

It might be expected that opportunities for cooperation will be gradually
reduced as decommissioning consolidates as a commercial activity. This
tendency must be seriously considered by Member States having constrained
resources.

Look for experts familiar with your conditions and constraints

It is most helpful if the expert on decommissioning planning has had
working experience in other Member States having conditions and constraints
similar to the local situation.

Use regional networks

To develop regional networks for sharing information and providing help
on decommissioning may be another way of operating within the constraints of
scarce resources. Experts from the region may be more acquainted with the
local problems, and may find it easier to establish an open dialogue regarding a
given problem on the decommissioning of small facilities. Technical and
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financial support may be sometimes be provided by the IAEA or regional
organizations.

5.3. Lessons learned on development of human resources
‘On the job’ training is often more useful than training courses

When training is provided with the help of international cooperation or
some other kind of agreement, it is usually more profitable to perform actual
work in a decommissioning project than to take courses or make many short
technical visits to different facilities. The real world with its hazards is the best
teacher.

There is a tendency to provide too much development
of human resources

Our experience has shown a tendency for the phase of developing human
resources to go on longer than is necessary. Once basic knowledge exists, actual
work in decommissioning activities will provide what remaining training is
necessary.
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J. WILSON (United Kingdom)

I. TRIPPUTI (Italy — Chairperson): I invite the panellists to respond to
the question ‘National policies and strategies for decommissioning — is
deferred dismantling a justified option?’

S. HARRIAGUE (Argentina — panellist): In my view, IAEA-
TECDOC-1478, ‘Selection of Decommissioning Strategies: Issues and Factors’,
is very relevant to this question.

If one does a multi-attribute analysis of all technical and economic factors
involved in decommissioning, one will — with some basic knowledge — arrive
at a very good strategy, which is usually immediate dismantling. In the real
world, however, there are often constraints — such as a shortage of funds, the
lack of a proper radioactive waste management system and problems with the
local community — that militate against immediate dismantling. So, I would
say that deferred dismantling may be a justified option under some circum-
stances.

In that connection, I would refer you to contributed paper CN-143-65 by
J. Nokhamzon, France, and contributed paper CN-143-87 by J.E. Rowling,
Australia.

Mr. Nokhamzon says that the CEA has opted for an immediate
dismantling strategy so as not to lose the experience of operators, so as to
minimize the costs of surveillance and refurbishment and so as to make the
public more confident about nuclear power by demonstrating that nuclear
facilities can be dismantled immediately. At the same time, he points out that,
in the case of France’s graphite moderated reactors, it will be possible to
dismantle the graphite moderator only in 7-8 years’ time, when there is a
technical solution for disposal of the graphite.
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Mr. Rowling says that, in the case of Australia’s HIFAR research reactor,
the management team advocated immediate dismantling so as to draw on the
experience of the operating staff. However, the Government and the
regulatory authority pointed out that work had not yet started on preparing the
site for a repository. They also pointed out that a new research reactor was
operating at the HIFAR site, so that adequate staff would be available for
taking care of the shutdown reactor and for future decommissioning work.
They decided on deferred decommissioning.

JL. SANTIAGO ALBARRAN (Spain — panellist): In my view, deferred
dismantling is an option that can be justified.

We opted for deferred dismantling in the case of Vandellés-1 (a graphite
moderated, gas cooled reactor) — the first power reactor to be decommis-
sioned by us. The main reason for our decision was the lack of a disposal facility
for the graphite waste. Another important consideration was the fact that the
radiation dose rates will decline over time, which will make it easier to decom-
mission the reactor vessel. Actually, this is a case of partial decommissioning —
all systems outside the pressure vessel have been dismantled and the graphite
waste is being stored on site. Final decommissioning is expected to take place in
25-35 years’ time.

For our other power reactors, LWRs, we are considering immediate
dismantling strategies, but all decisions will be taken on a case-by-case basis.

In the case of José Cabrera-1, which was shut down in April 2006, we are
planning to start decommissioning 2-3 years from now. The necessary funding
and technology are available and all the waste can be managed on or off the
site. It is estimated that immediate dismantling will cost less than deferred
dismantling, and it is also considered that immediate dismantling is preferable
from the public acceptance and environmental points of view.

A.J. BAER (Switzerland — panellist): I cannot answer ‘yes’ or ‘no’ to the
question ‘Is deferred dismantling a justified option?’ The question is a black or
white one, but the answer has to be grey.

There are four groups of issues that should be considered before deciding
between immediate and deferred dismantling.

First, there are technical issues. For example, what should be done with
the waste?

Second, there are financial issues. For example, are there sufficient funds
at present? Will sufficient funds be available in 20-30 years’ time?

Third, there are social issues. For example, what will happen to the people
now working at the facility and to the nearby town that is so dependent
economically on the facility? Will former facility employees, with their institu-
tional memory, still be available to advise in 20-30 years’ time? What about the
burden being placed on future generations?
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Fourth, there are political issues. How stable will the State where the
facility is located be during the next 20-30 years? How urgent is dismantling of
the facility from the nuclear non-proliferation point of view? What is the risk of
terrorists gaining access to the facility during the next 20-30 years?

Fortunately, it is not necessary to decide in a hurry. So, it is better to spend
an extra year or so thinking about what to do. It is important not to start
decommissioning a large facility before having a clear idea of what path is to be
followed. Changing direction half-way is not really an option.

I. TRIPPUTI (Italy — Chairperson): In Italy, we have to decommission
four nuclear power plants more or less simultaneously, and we are staggering
the decommissioning activities so as to optimize the workload. We plan to
decommission the four plants over a period of 20 years. I am not sure whether
that is immediate or deferred dismantling.

T. LAGUARDIA (United States of America — panellist): I would
consider that to be immediate dismantling.

As regards the question put to the panel, the international consensus
favours immediate dismantling, but there are situations where deferred
dismantling is a justifiable decommissioning strategy.

The simplest such situation is one where there are multiple units on a site,
with the newer units having substantial operating lifetimes left. The personnel
of the older — shutdown — units can be usefully employed at the newer units
and can also spend part of their time planning the decommissioning of the
older units, preparing legacy waste for disposal and participating in long-term
planning for the decommissioning of the newer units.

Another such situation is one where there is insufficient money available
for safe and complete decommissioning. Deferral will allow more time for the
accumulation of financial resources, either through governmental disburse-
ments (if the facility is government owned) or in the form of earnings from the
investment of the decommissioning trust fund. However, some decommis-
sioning trust fund money will have to be spent in order to retain key personnel
until decommissioning can begin. This may cause the overall decommissioning
costs to be higher, but there may be no alternative.

Yet another such situation is one where no radioactive waste disposal
facility exists and the likelihood of one being built in the near term is very low.
Moreover, if the government or the regulator has not developed waste
acceptance criteria with specifications for waste containers, early decommis-
sioning may result in significant waste repackaging in order to meet different
waste acceptance criteria that are developed later. Deferred dismantling may
be justified, but again the overall decommissioning costs may then be higher.

My answer to the question put to the panel is that one should aim for
immediate dismantling, in line with the international consensus, but be flexible.
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J. WILSON (United Kingdom — panellist): A number of factors have to
be considered when one is deciding when — and how — to dismantle a nuclear
power plant.

In the United Kingdom, the present strategy for decommissioning our
graphite-moderated gas-cooled (Magnox) reactors is to remove all of the fuel
from the site, decommission and demolish as many of the buildings and
facilities as possible, and retrieve and condition the waste and — where
possible — remove it from the site, leaving only an interim intermediate level
waste store (pending construction of the United Kingdom’s proposed deep
geological disposal facility) and the reactor building with the graphite core in
safe storage (for about 80 years, to enable substantial radioactive decay to take
place before dismantling).

The Nuclear Decommissioning Authority is now challenging that strategy
and asking whether a business case could not be made for accelerating the
programme for dismantling the older Magnox reactors and clearing the sites.

When we considered how the reactors are to be dismantled after the
period of safe storage, we concluded that significant remote dismantling will be
necessary even though radioactive decay will have reduced the volumes of
intermediate level and low level waste generated during the dismantling
operation. We asked ourselves questions such as:

— Should we leave reactors from which we have benefited for future
generations to clean up? What about inter-generational equity?

— Will the knowledge and skills necessary for dismantling those reactors
exist in 80 years’ time?

— Could the socioeconomic effects on local communities not be managed
better through a transition from operation and defuelling to prompt
dismantling?

— Might tackling the problem today not lead to innovations in the decom-
missioning field and help to strengthen the United Kingdom’s decommis-
sioning capabilities?

— Is discounted cash flow a mechanism appropriate to a business case when
no investment provision has been made (the Government will fund the
dismantling programme)?

— Could we dispose of very low level and short lived decommissioning
waste on the site?

— Are there alternatives to deep geological disposal for dealing with the
irradiated graphite (in France, shallow disposal is preferred)?
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We are currently considering many factors, and I think the answer may be
different for different reactor sites, depending on the proposed reuse and the
local drivers for the acceleration or deferral of dismantling.

M. LARAIA (IAEA — Scientific Secretary): The present position of the
IAEA, as reflected in the latest safety standard (Decommissioning of Nuclear
Facilities Using Radioactive Material, IAEA Safety Standards Series
No. WS-R-5), is that preference should be given to immediate dismantling
unless another decommissioning option can be justified. Do the panellists
consider that position to be sound, or do they think that all options should have
equal status and that decisions should be taken on a case-by-case basis?

J. WILSON (United Kingdom — panellist): The aim of the Nuclear
Decommissioning Authority is to accelerate decommissioning wherever
possible, dealing with the legacy waste now rather than leaving it to future
generations. Without a deep geological disposal facility, however, it makes no
sense to generate high level waste that you have to store rather than leaving
benign structures in place until such a facility becomes available. Of course,
when structures are deteriorating fast we have to decommission them with
minimum delay. It is a matter of prioritizing.

T. LAGUARDIA (United States of America — panellist): The interna-
tional consensus in favour of immediate dismantling is based on two main
considerations — being able to draw on the knowledge and expertise of the
operating personnel of the recently shutdown facility, and being able to use
equipment (such as cranes) that is still functioning well and not having to deal
with buildings and other structures that have seriously deteriorated.

As regards drawing on the knowledge and expertise of operating
personnel, when, in the late 1990s, we tried to start dismantling the Saxton
nuclear power plant, which had been shut down in the early 1970s (after which
very little had been done to maintain the reactor building), we interviewed
some members of the operating personnel. There was much that they could not
remember after so many years and they contradicted one another. We realized
that, as time passes, it becomes increasingly difficult to draw on people’s
memories.

As regards structures that have deteriorated seriously, at one facility
where the buildings had not been maintained after shutdown, while we were
carrying out the site characterization a worker fell through a roof and was
killed.

That having been said, there are situations where deferred dismantling
makes sense, but decisions must be taken on a case-by-case basis.

A.J. BAER (Switzerland — panellist): If I were asked ‘Is immediate
dismantling the best option?’, I would say that it is except in certain situations
of the kind which have been mentioned here. If I were asked ‘Should the IAEA
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state that immediate dismantling is the best option?’, I would be more careful
in replying, because an IAEA statement in favour of immediate dismantling
might unduly influence some countries and induce them to embark on
immediate dismantling when that is not the best option in their particular
circumstances.

JL. SANTIAGO ALBARRAN (Spain — panellist): Generally,
immediate dismantling is the best option, but sometimes it is not possible or not
advisable.

In the case of Vandellds-1, there would have been no point in dismantling
the reactor vessel and leaving materials in storage on the site — the reactor
vessel is a better storage facility than anything we could build.

S. HARRIAGUE (Argentina — panellist): [ agree with what Mr. Baer
just said. As someone from a developing country, I would prefer the IAEA not
to come out strongly in favour of immediate dismantling, as some developing
countries might embark on dismantling prematurely and have to interrupt the
process because they have exhausted their resources, or they might devote
excessive amounts of resources to the project and do more social harm than
good.

I. TRIPPUTI (Italy — Chairperson): The existence of a business plan for
the use of the site after release may be an incentive for immediate dismantling.

S. SAINT-PIERRE (World Nuclear Association): International organiza-
tions like the IAEA cannot dictate how particular sites are going to be used
after cleanup and release. That is a matter for the operators and local stake-
holders. Also, account has to be taken of factors such as national energy supply
policies. Otherwise, you are just gambling — you may clean up a nuclear site to
perfection and then a decision is taken to resume nuclear activities at that site.

T. LAGUARDIA (United States of America — panellist): Mr. Saint-
Pierre just referred to local stakeholders. In that connection, I would recall that
in the case of the Maine Yankee nuclear power plant the local stakeholders
insisted that it be shut down and then that it be completely removed — they
would not allow anything radioactive, however slightly, even to be buried on
the site. You have to engage with the local stakeholders early in the decision
making process relating to decommissioning.

D. LOUVAT (IAEA): The IAEA safety standard on the Decommis-
sioning of Nuclear Facilities Using Radioactive Material, which says essentially
that one should dismantle immediately or justify not doing so, was approved by
the TAEA’s Board of Governors, which was acting on behalf of all Member
States of the IAEA. In my view, therefore, the IAEA’s Member States have
decided to make immediate dismantling a requirement unless an alternative
can be justified, and I would not propose a revision of that requirement just
NoOw.
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A.J. BAER (Switzerland — panellist): The IAEA’s Board of Governors
may have approved that safety standard, but national governments take
decisions in the light of various political considerations. Irrespective of who
represented a particular Member State in the Board when the safety standard
was approved, for the government of that State the Board’s approval is just one
political consideration and the government may well say “It would be nice to
comply with that requirement, but we are going to do things our way.”

U. BLOHM-HIEBER (European Commission): A further argument in
favour of immediate dismantling is that, if you defer dismantling, when you do
start you may not be able to obtain the international assistance that you would
have been able to obtain if you had started dismantling immediately.

T. LAGUARDIA (United States of America — panellist): Reference has
been made to the availability or lack of radioactive waste storage possibilities.
In that connection, I would recall that in the USA some decommissioning
operations were accelerated when it looked as if the Barnwell Radioactive
Waste Facility was going to be closed. The people involved in those operations
wanted to place as much waste as possible in the facility before closure.

I. TRIPPUTI (Italy — Chairperson): In the light of that comment, I invite
the panellists to respond to the question ‘How to plan decommissioning in the
absence of waste management and disposal facilities/capacities?’

J. WILSON (United Kingdom — panellist): In the case of some old,
deteriorating and potentially dangerous facilities (at Sellafield, for example),
we are having to carry out dismantling operations and to condition the high-
and intermediate-level waste in such a way that it will be accepted at a
repository that does not yet exist.

In order to minimize the amount of waste that will have to be disposed of,
we are looking into innovative ways of recycling and reusing materials from
decommissioning, and we are doing so in cooperation with people in other
countries who have the same concerns.

In that connection, I would mention that our old reactors (the older
Magnox reactors, for example) produce some 2700 cubic metres of radioactive
waste per gigawatts-year of electricity generated. The corresponding figure for
the United Kingdom’s advanced pressurized-water reactor is about 160 cubic
metres. So, the nature of the waste volume issue will change with time.

We intend to consider how lessons can be learned from decommissioning
and fed into reactor operation and — perhaps more importantly — possible
‘new build’ scenarios.

T. LAGUARDIA (United States of America — panellist): A lot of
planning and other activities must be carried out before the start of decommis-
sioning, in order to avoid financial, regulatory and other problems, and many of
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them can be carried out in the absence of waste management and disposal
facilities/capacities.

Such activities include realigning one’s organization, dealing with
licensing and regulatory compliance issues, dealing with contractual and
property tax issues, dealing with financial issues, developing new procedures,
looking into ways of minimizing the paperwork burden, reclassifying safety
systems, dealing with fuel storage issues, characterizing the site, modifying
facilities so as to make future decommissioning easier, training personnel for
future decommissioning work, selling off clean equipment and liaising with
stakeholders.

If the necessary funds are available, existing staff can, using cranes and
other equipment still in good working order at the site, start dismantling and —
if waste acceptance criteria have been developed — packaging the waste in
containers that will be accepted at the disposal facility once it exists. The
containers can be stored in, for example, the turbine building, as is being done
at Italy’s Garigliano nuclear power plant and elsewhere, and in due course
transferred to the disposal facility by any contractor with a forklift and a few
trucks.

There will almost certainly be plenty of time for all such activities.

A.J. BAER (Switzerland — panellist): Although you may not have a
disposal facility, if you have a storage facility that is large enough or can be
enlarged, your problems may not be so great. Many countries have no disposal
facilities, so a lot of storage is taking place. The absence of a disposal facility is
no reason for not planning to decommission.

If you have neither a storage facility nor a waste management system, you
should start by establishing such a system, because you should not produce
more waste without knowing what to do with it. Much will depend on what you
want to decommission. A nuclear power plant will have been producing waste
throughout its operating life, so presumably you have a storage facility that you
can fill or enlarge.

At all events, before you start decommissioning you should determine
what waste material you have, its volume and activity, so as to know what lies
ahead. As Mr. LaGuardia indicated, there are many things you can do before
facing up to the problems of disposal.

I. TRIPPUTI (Italy — Chairman): Besides nuclear power plants, one has
to decommission research facilities which, in some cases, are in a very bad state,
with residues that must be dealt with urgently for safety reasons.

JL.SANTIAGO ALBARRAN (Spain — panellist): Probably there is no
country with a complete radioactive waste management system, but planning
for decommissioning — even if there is no management system at all — is
nevertheless possible. In Spain, we are working towards the establishment of a
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complete management system. Meanwhile, we must find practical solutions to
the problems being encountered.

In the absence of a complete management system, the waste has to be
stored on site. There are storage costs, and sometimes a site cannot be released
entirely at the end of decommissioning because some waste has still not been
shipped out. That is the case with Vandell6s-1, as there is not a yet a facility that
will accept graphite waste. Similarly, in the absence of a central facility for the
storage of spent fuel, ENRESA will have to store spent fuel on site if we wish
to proceed with the decommissioning of José Cabrera-1. We are building an on-
site dry storage facility to which we hope to have transferred all the spent fuel
by 2009.

It is possible to decommission safely if one finds practical solutions to the
problems encountered in the real world.

S. HARRIAGUE (Argentina — panellist): In many cases where there is
no waste management system, storage is the solution — as at the Ignalina and
Krsko nuclear power plants, where waste management systems are being
established while decommissioning is taking place. There are cases, as at the
Vinca Institute, where part of the decommissioned facility can be used for the storage
of decommissioning waste.

In developing countries with only small facilities and no waste
management system, it is important that the facility operators make the
authorities aware that one day those facilities will be shut down and then
something will have to be done with them. In my view, such situations can be
dealt with only through international cooperation organized by the IAEA or a
regional organization. In that connection, I would like to see more being done
to promote regional networks for the provision of decommissioning assistance.

J. WILSON (United Kingdom — panellist): Our biggest problems are
with the waste management solutions of the past - for example, spent fuel
ponds open to the air (which seemed originally a perfectly adequate means of
storage) and underground shafts where waste was once legally disposed of. So,
a word of caution - if storage with no definite end is being planned, be aware
that it may result in problems that you are not, at present, aware of.

J-M. POTIER (IAEA): In my view, the absence of a waste disposal
facility is no justification for the postponement of decommissioning.

About 90% of the waste generated by the decommissioning of nuclear
facilities is hardly radioactive and, with application of the exemption and
clearance criteria, it can be dealt with without the use of a disposal facility.

At present, there is no licensed geological repository for high level waste,
but high level waste and spent fuel account for less than 1% of the volume of
decommissioning waste, and storage solutions are available.
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Let us say that 10% of decommissioning waste is low level and very low
level radioactive waste. For such low activity material there are already a
number of disposal facilities available in the world, and the existing facilities
could take care of all the low level material arising from decommissioning
activities. The problem may lie with the very low level material. At the IAEA
symposium on the Disposal of Low Level Radioactive Waste held in Cérdoba,
Spain, in December 2004, we considered cost effective solutions for its disposal.
There are some disposal facilities for very low level waste (for example, in
France, Spain and the USA), but more should be built. There might well be less
political and social opposition to the construction of such facilities than to the
construction of disposal facilities for high-level waste.

The TAEA recognizes that it may have to strengthen its decommissioning
assistance to Member States, especially developing ones — helping them to
draw up decommissioning plans and strategies. Efforts will be made to reflect
this in its future work programme.
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Abstract

Reliable cost estimating is one of the most important elements of decommis-
sioning planning. Alternative technologies may be evaluated and compared based on
their efficiency and effectiveness, and measured against a baseline cost as to the feasi-
bility and benefits derived from the technology. When the plan is complete, those cost
considerations ensure that it is economically sound and practical for funding.Estimates
of decommissioning costs have been performed and published by many organizations
for many different applications. The results often vary because of differences in the
work scope. Labour force costs, monetary considerations, oversight costs, the specific
contaminated materials involved, the waste stream and peripheral costs associated with
that type of waste, or applicable environmental compliance requirements. Many of the
differences in cost estimates are unavoidable since a reasonable degree of reliability and
accuracy can only be achieved by developing decommissioning cost estimates on a case-
by-case site-specific basis. The paper describes the estimating methodology and process
applied to develop decommissioning cost estimates. A major effort has been made to
standardize methodologies, and to understand the assumptions and bases that drive the
costs. However, estimates are only as accurate as the information available from which
to derive the costs. This information includes the assumptions of scope of the work,
labour cost inputs, inflationary effects, and financial analyses that project these costs to
year of expenditure. Attempts at comparison of estimates for two facilities of similar
design and size must clearly identify the assumptions used in developing the estimate,
and comparison of actual costs versus estimated costs must reflect these same assump-
tions. For the nuclear industry to grow, decommissioning estimating tools must improve
to keep pace with changing technology, regulations and stakeholder issues.
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1. INTRODUCTION

The quest for accurate decommissioning cost estimates has been under
way since the mid-1970s. Up to that point, decommissioning was far from the
nuclear power plant designer’s and regulator’s minds, as the new growing
industry of nuclear power was posing other significant challenges on the way to
the development of a viable power industry. In time, because of the large
physical size of these plants the ultimate liability for decommissioning became
of greater interest. Early cost estimates reflected the minimal regulatory
requirements in effect at that time, and the issues of radioactive waste disposal,
spent fuel disposition, termination of the licences, and stakeholder interests
were perceived as relatively simple issues to be dealt with at some time in the
distant future when the plants neared the end of their lifetimes.

As plants became more complex and waste disposal costs soared, decom-
missioning cost estimates also increased sharply. In the early 1980s, certain
owners faced bankruptcy in their efforts to complete nuclear plants under
construction, and the availability of funds to decommission these plants
became of prime concern. Federal and state regulators in the USA demanded
assurance that adequate funds would be available when needed, irrespective of
the financial condition of the owners. This prompted an international effort to
identify decommissioning costs, and regulators and owners devoted efforts to
address the issue.

Numerous attempts were made to estimate costs, from simplistic
megawatt ratios based upon the costs to dismantle retired fossil fuelled power
plants, to the scaling of costs incurred to decommission small demonstration
reactors. Such approaches were quickly abandoned when operating plant
experience in replacing major components (steam generators, reactor coolant
pumps, reactor vessel internals, etc.) revealed that nuclear plants represented a
special case.

A more detailed approach was developed to estimate costs using actual
plant experience from retrofit, replacement, and maintenance activities during
plant operations, and actual cost data from the current plants undergoing
decommissioning. Estimates improved, and the documentation necessary to
support the estimates increased in volume and complexity. As a result, greater
accuracy led to improved confidence in the magnitude of the costs and in the
ability of the estimators to predict future liabilities.

To understand the development of a cost estimate, some background on
estimating methodology, types of estimates, estimate preparation, and the
major drivers that affect the accuracy, validity, and confidence of the cost must
be clearly understood. The problems in trying to compare estimates for two
similar plants of the same size, or different evolutions of an estimate for the
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same plant, can be frustrating, to say the least. Yet with a sound knowledge of
the scope of work proposed, the assumptions used, the sources of labour,
equipment and consumables cost, collateral expenses, and a standardized
methodology, reasonably close comparisons of actual costs to estimated costs
can be made. There is more work to be done to refine these estimates, but there
is a growing database of actual experience from which to learn.

2. COST ESTIMATING METHODOLOGY

There is no universally accepted standard for developing cost estimates,
nor a clear unambiguous reference for the terminology used in decommis-
sioning. The Association for the Advancement of Cost Engineering Interna-
tional (AACEI) was founded as a resource for general cost estimating
methodology (not specific to decommissioning), and established a programme
for the education and certification of cost estimators to lend consistency to the
process. The AACEI has published a book to guide cost estimators in the new
and evolving cost estimating practices from all facets of industry [1].

2.1. Types of cost estimates and accuracy

To provide guidance on this issue, the AACEI identifies the types of cost
estimate and the levels of accuracy expected. These cost estimate types are
summarized in the following paragraphs.

— Order of Magnitude Estimate: One without detailed engineering data,
where an estimate is prepared using scale-up or down factors, and
approximate ratios. It is likely that the overall scope of the project has not
been well defined. The level of accuracy expected is =30% to +50%.

— Budgetary Estimate: One based on the use of flow sheets, layouts, and
equipment details, where the scope has been defined but the detailed
engineering has not been performed. The level of accuracy expected is
-15% to +30%.

— Definitive Estimate: One where the details of the project have been
prepared and its scope and depth are well defined. Engineering data
would include plot plans and elevations, piping and instrumentation
diagrams, one line electrical diagrams, and structural drawings. The level
of accuracy expected is —=5% to +15%.

It is apparent from these estimate types and the levels of accuracy
expected that even in the most accurate case, a definitive estimate is only
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accurate to —-5% to +15 %. The cost estimator must exercise his judgment as to
the accuracy level that the input data will support. In developing a funding
basis for a project, the estimator must include sufficient margin in the budget to
account for this level of uncertainty.

2.2. Developing the cost estimate

Costs may be estimated in a number of ways. Recorded experience from
other decommissioning projects, estimating handbooks, and vendor equipment
catalogue performance data, among other sources, may be used to develop cost
data. The techniques used for preparing cost estimates will necessarily vary
with the degree of definition of the project, the state-of-the-art of the project,
the availability of databases, cost estimating techniques, time, and cost
estimators, and the level of engineering data available.

The method widely used in the USA for estimating is the ‘bottom-up’
technique, based on a building block approach known as the work breakdown
structure (WBS). Generally, a work statement and set of drawings or specifica-
tions are used to ‘take off" (extract) material quantities required for executing
each task performed in accomplishing a given activity. From these quantities,
direct labour, equipment, and overhead costs can be derived. Using this
approach, a decommissioning project is divided into discrete and measurable
work activities. This division should provide a sufficient level of detail so that
the estimate for a specific and repeating activity can apply to all occurrences of
the activity. This estimating approach is described in Ref. [2].

3. COST ELEMENT DEFINITIONS

It is constructive to group elements of costs into categories to better
determine how they affect the overall cost estimate. To that end, the cost
elements are broken down into activity dependent, period-dependent, and
collateral costs as defined in the following paragraphs. Contingency, another
element of cost, is applied to each of these elements on a line item basis
because of the unique nature of this element of cost.

3.1. Activity dependent costs
Activity dependent costs are those associated with performing decommis-
sioning activities of decontamination, removal, packaging, transportation, and

disposal or storage. These activities lend themselves to the use of unit factors
due to their repetitive nature. Work productivity factors (or work difficulty
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factors) can be added and applied against the physical plant and structure
inventories to develop the decommissioning cost and schedule.

3.2. Period dependent costs

Period dependent costs include those activities associated with the
project duration: programme management, engineering, licensing, health and
safety, security, energy, and quality assurance. These are typically included by
identifying the functions and services needed, including the associated
overhead costs based on the scope of work to be accomplished during
individual phases within each period.

3.3. Collateral and special item costs

In addition to activity and period dependent costs, there are collateral
costs for special items that do not fall into either of the other categories, such as
construction or dismantling equipment, site preparations, insurance, property
taxes, health physics supplies, liquid radioactive waste processing, and
independent verification surveys. Data supplied by the owners is used for costs
such as insurance and property taxes.

3.4. Contingency

Contingency is defined by the AACEI as “a specific provision for unfore-
seeable elements of cost within the defined project scope, particularly
important where previous experience relating estimates and actual costs has
shown that unforeseeable events that increase costs are likely to occur.”

The cost elements in an estimate are typically based upon ideal conditions
where activities are performed within the defined project scope, without delays,
interruptions, inclement weather, tool or equipment breakdown, craft labour
strikes, waste shipment problems, or disposal facility waste acceptance criteria
changes, and changes in the anticipated plant shutdown conditions, etc.
However, events occur that are not accounted for in the base estimate.
Therefore, a contingency factor is applied.

Early cost estimates included a 25% contingency applied to the total
project cost. More recent estimating models apply contingencies on a line item
basis, yielding a weighted average contingency for the estimate. One source for
the line item contingencies is the AIF/NESP study [2], which discusses the
types of unforeseeable events that are likely to occur and provides guidelines
for application.
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3.5. Scrap and salvage

Scrap is defined as removed materials that are certified to be clean, and
may be sold to a scrap dealer for ultimate recycling as a raw material. Examples
of scrap materials are copper wire and bus bars, stainless steel plates and
structural members, carbon steel and stainless pipe, carbon steel structural
shapes, beams, plates, etc. Salvage is defined as removed materials that have an
identified market for resale or reuse in their current form at a specific facility.
Accordingly, pumps, motors, tanks, valves, heat exchangers, fans, diesel engines
and generators, etc., are the types of components that are candidates for
salvage. The market for salvageable materials from nuclear facilities is limited.

3.6. Work breakdown structure

The work breakdown structure (WBS) is used to categorize cost elements
and work activities into logical groupings that have a direct or indirect
relationship to each other. The work groupings are usually related to the
accounting system, or chart of accounts used for budgeting and tracking major
elements of the decommissioning costs. The WBS elements are generally
arranged in a hierarchal format similar to a company's organization chart. The
topmost member or level of the WBS is the overall project. The second level is
the major cost groupings under which project costs are gathered. Subsequent
levels are often used to track details of the component parts of the grouping for
a clear understanding of all the cost bases.

3.7. Chart of accounts

The project management or accounting software used on projects
identifies categories of costs in terms of a chart of accounts. The chart of
accounts is used to budget and control the individual cost items of labour,
equipment, consumables, capital expenditures, recycle services, transportation
or disposal services. The European Commission (EC), the IAEA and the
OECD/Nuclear Energy Agency (OECD/NEA) have prepared a Standardized
List of Definitions for Cost Items for Decommissioning Projects [3]. This
reference may be used to establish the chart of accounts.

4.  COST ESTIMATING PROCESS

The cost estimating process flows from an overview of the project, to the
scenarios evaluated or selected, to the assumptions critical to the approach, to
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the details of the cost elements and the work schedule, and then to a summary
of the principal cost drivers. While there are no hard and fast rules for
formatting the process, there are logical guidelines to follow so that cost
estimates can be easily tracked and compared.

4.1. Scope of work

The scope of work for the project must be clearly stated at the outset of
the estimate to ensure the estimator and reader understand what is included in
the estimate, and the extent of effort required. The scope should identify
assumptions and the extent of the physical removal and remediation of the site.

4.2. Decommissioning strategy

Decommissioning strategies may include safe storage, immediate disman-
tling, or entombment. Safe storage may be combined with delayed dismantling
to take advantage of radioactive decay to reduce exposure to workers and to
allow sufficient time for adequate waste disposal facilities to be developed.

4.3. Collection of information

A site specific estimate uses defined engineering data, site and plot plans,
general arrangement and architectural drawings, piping and instrument
diagrams, one line electrical diagrams, equipment specifications, and reference
manuals, etc., to develop the physical inventory for decommissioning. Data
collection also includes the site radiological and hazardous material characteri-
zation information, a site specific inventory of systems and structures, local
labour costs for skilled labour and management, local consumables and
materials costs, and taxes, insurance, engineering and regulatory fees.

4.4. Preparation of the cost estimate

The application of unit costs to the inventory of systems and structures
for each decommissioning activity provides the activity dependent costs.
Project management staff costs for the duration of the project provide the
period dependent costs. Collateral costs and contingency are added to obtain
the total cost.
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4.5. Preparation of the schedule

The overall schedule is developed from a logical and planned sequence of
activities. The duration of each activity is estimated from the individual
dismantling steps, and the sequence is evaluated to obtain the critical path
(longest time) to accomplish the work. Iterations are often necessary to arrive
at a reasonable schedule. This work is usually performed using scheduling
computer programs.

The cost estimate and schedule are not stand-alone documents; they are
linked inseparably, as changes to the schedule affect the time when activities
will be accomplished and therefore the associated costs. An accurate cost
estimate and schedule provide the ability to track costs and project trends, and
to evaluate the impact of changes.

5. WHERE DO COST ESTIMATES GO WRONG?

The differences between estimated and actual costs are due to several
factors. These include scope changes, year of reported costs, inflation, discount
rate, contingency levels, risk factor allowances, and methodological differences.
Some of these are inter-related factors and care must be taken to sort out the
reasons for the differences, rather than simply relying on the ‘bottom line’ cost
as a basis for decision-making or project performance measurement.

5.1. Scope changes

Probably the greatest factor contributing to variances in cost is associated
with the differences in the scope of work used for preparing the cost estimate
and that of the actual project. Preliminary estimates are often prepared to
compare various decommissioning strategies (safe storage, immediate disman-
tling, or entombment) and to evaluate and select a proposed approach. The
assumptions used in these estimates generally define the scope of work to be
performed and the schedule over which the activities will be conducted. When
a recommendation is made on a given strategy, the assumptions of scope of
work must be clearly understood, and management approval secured before
approval is granted. Parametric studies may be performed on the major cost
drivers to determine if the results of the recommendation change significantly
and for what reason. When the given strategy is adopted by management, any
changes made in the scope of work must be reflected in a revised cost estimate.
This allows the adequacy of the funding plan to accumulate the necessary funds
to accomplish the work to be kept under review.
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5.2. Year of reported costs

The estimate should specify the year in which the cost estimate is based,
although all too often such details are lacking. The database used for labour
costs, purchased or rented materials and equipment, consumables, and other
collateral costs must be identified and adjusted for the year of the estimate.

5.3. Inflation

A factor which is strongly related to the reported year of cost is the
inflation rate assumed for the estimate. This includes not only the internal
inflation factor used to update a previous year’s labour rate or equipment cost
database, but also the inflation rate used to project future years of expenditure
costs for an accurate projection of funding needs. For long term funding
planning, the inflation rate will have a greater effect on the funding rate
(annual accrual to the decommissioning fund) than any other factor in the
estimate. For example, a one-half per cent increase in the estimated future
inflation rate (3.5%) over the actual inflation rate (3.0%) will result in a 21%
higher estimated future cost over 40 years. If the current cost estimate is
$500 million, the estimated future cost at the higher inflation rate would be
$1980 billion instead of $1631 billion, a difference of $349 million. Making such
projections is necessary for fund planning purposes but must be re-evaluated
periodically to reflect actual inflation rate experience.

5.4. Discount rate

A similar situation exists in relation to the estimated discount rate used to
estimate the net present value of the future cost. As noted earlier, this factor
needs to be re-evaluated periodically to reflect current discount rates.

5.5. Contingency levels

As discussed earlier, contingency amounts are included to account for
unforeseeable elements of cost within the defined project scope. Contingency
amounts are expected to be fully spent, as the events driving these costs have
been demonstrated to occur. The contingency included in the estimate reflects
the level of risk the estimator and management are willing to accept. Activities
involving work in high radiation areas or in difficult work conditions carry a
higher level of contingency. The estimate should identify what levels of
contingency have been assumed for each different type of activity or expense.
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5.6. Risk factor allowances

Risk factor allowances are often included to reflect events that are not
certain to occur (contrary to contingency), but may be estimated by a
probability of occurrence. Factors such as severe weather events, the loss of
waste disposal availability, transportation routes, organized labour strikes, etc.,
can cause large increases in the total project cost and quickly deplete the
available funds. Management may want to provide additional funding to
account for these probabilistic events. Estimates of risk are usually performed
using probabilistic computer codes where specific risk factors are evaluated for
their low, medium, and high ranges of cost over the entire spectrum of decom-
missioning activities. The results of such calculations could show, for example,
that for a particular activity there is a 60 % probability that the estimated costs
will not exceed 20% of the base cost (without risk).

5.7. Methodological differences

As discussed earlier, there are several methods for preparing cost
estimates. The degree of accuracy depends on the quality of the input data of
the inventory of systems and structures, and the reliability of unit cost factors
applied to the inventory. The level of detail used in the Work Breakdown
Structure, and the organization of the WBS can have significant effects on the
outcome of the estimate. It is virtually impossible to validate an estimate
without the details of how the estimate was prepared. At best, a comparison
can be made of the total estimated cost to the actual cost with no attempt to
correlate individual cost drivers. Often, the cost and schedule tracking system
used during decommissioning is not correlated to the cost estimate structure, so
direct comparisons are impossible.

5.8. Selected examples of cost comparisons

In recent years, project managers have been conscientious in tracking
costs to the estimated values on a line item basis. The early results have been
remarkably good compared to the baseline estimate.

Maine Yankee Atomic Power Plant

Table 1 illustrates an example of the 880 MW(e) PWR, Maine Yankee
Atomic Power Plant, where actual costs were compared to estimated costs.
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TABLE 1. COMPARISON OF MAINE YANKEE 1998 DECOMMIS-
SIONING ESTIMATE TO ACTUAL COSTS AND CURRENT
EXPECTED COST (IN 1998 US DOLLARS)

Actual cost and

Activity 1998 estimate current estimate
Staff/staff augmentation 116 467 257 160 255 888
Decommissioning contractors 250367 727 283 344 667
Decommissioning settlements (47982 079)
Other contract services 28 071 200 69 859 700
Fees/property taxes 55 667 103 44 839 376
Insurance 12 108 827 21503 577
Purchased power 10317 915 8107 302
Rentals and leases 1887970 3502 744
Materials and supplies 4532364 7867 222
Other expenses 8731875 8917398
Contingency 42 099 380 16 502 053
Totals 530 251 618 576 717 849

The level of accuracy is within 8.8%. As in any estimate, individual line
items of costs may be higher or lower than the estimate, but the total costs are
within the range of accuracy expected for this project.

For this project a number of significant scope changes occurred which
account for the difference in the estimated versus the actual costs. These
differences include:

— Increased costs to address post-September 11 additional security
measures;

— Relocation of the control room twice to maintain control of operable
systems;

— Additional soil removed to meet changed site clearance levels from the
US Nuclear Regulatory Commission’s 25 mrem/year to the State of
Maine’s 10 mrem/year criteria (a change that took place after the project
started);

— Additional costs to remove and bury all containment building interior
concrete as radioactive waste instead of demolition and use as on-site fill;

— Additional engineering costs to analyse containment building demolition
by ramhoe and blasting;

241



LAGUARDIA

— Increased costs for insurance post-September 11;
— Additional costs to self-perform spent fuel dry storage after vendor failed
to meet contract requirements.

No specific accounting for the magnitude of these changes is available at
this time. These changes in scope were not anticipated when the original
estimate was prepared. As noted earlier, contingency is an allowance for events
within the defined project scope, and therefore would not be used for scope
changes. However, since contingency is spent during every phase of the project,
the difference in contingency values reflects the amount that was actually
incurred during the performance of the work accomplished.

Big Rock Point

Big Rock Point is a 60 MW(e) BWR located in Charlevoix, Michigan.
Table 2 shows the comparison of estimated costs versus actual/expected costs
for completion.

The level of accuracy is approximately 6%, which is within the expected
range for this project. In this case, the contingency is included in the values
listed. Several scope changes were encountered in this case which were not
anticipated at the start of the project and together with the different year of the
estimate compared with the actual project, this accounts for the differences.
These differences include:

— Licence termination activities in 2004 reflect the inflationary effect of the
cost of money (approximately 3.1% per year);

— Increased spent fuel management costs incurred as the vendor
encountered fabrication difficulties and delays in delivery;

TABLE 2. COMPARISON OF BIG ROCK POINT 2002 DECOMMIS-
SIONING ESTIMATE TO ACTUAL COSTS AND CURRENT
EXPECTED COST (IN 2004 US DOLLARS)

Actual cost and

Activity 2002 Estimate current estimate
License termination 299 400 000 318 681 000
Spent fuel management 68 600 000 7 3018 000
Site restoration 27 300 000 29 058 000
Totals 395 300 000 420 757 000
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— Site restoration activities in 2004 reflect the inflationary effect of the cost
of money.

These two examples highlight the importance of accounting for scope
changes for events beyond the original planned scope of work and the impact
of inflationary effects on the reported actual data.

6. HOW DO WE IMPROVE COST ESTIMATES?

The decommissioning industry needs to build consistency into its cost
estimates. A standardized list of decommissioning activities should be adopted
internationally so that estimates can be prepared on a consistent basis and to
facilitate the tracking of actual costs against the estimate. The international
Standardized List [3] incorporates the consensus of international experts as to
the elements of cost and activities that should be included in the estimate. A
significant effort was made several years ago to promote the universal adoption
of this list. Using the standardized list of activities as a template, a question-
naire was distributed to gather actual decommissioning costs (and other
parameters) from international projects. Cost estimate contributions from
many countries were analysed and evaluated for reactor types, decommis-
sioning strategies, cost drivers, and waste disposal amounts. The results were
reported in the literature [4].

The value of a standardized list of activities is the establishment of
consistency among estimates from the lessons learned from the past. With
appropriate guidelines, methodology, and training, the factors identified earlier
of: scope changes, year of reported costs, inflation, discount rate, contingency
levels, risk factor allowances and methodological differences can be clearly
identified and can lead to reliable estimates.

A standardized list of activities will only be valuable if the underlying cost
elements and methodology are clearly identified in the estimate. While no one
would expect perfect correlation of every element of cost in a large project
estimate versus actual cost comparison, the variants should be visible so that
the basis for the difference can be examined and evaluated. International
organizations, such as the IJAEA and the OECD/NEA, should promote the
standardization of cost estimation guidelines, methodology, and training.
Similarly, the committee should be directed to continue to accumulate actual
decommissioning costs should be accumulated internationally, suitably
converted into a form that does not compromise proprietary information. From
this data base, consensus can be achieved.
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DISCUSSION

G. LINSLEY (IAEA): Wages are much lower in some countries than in
others. How do decommissioning costs vary from country to country?

T. LAGUARDIA (United States of America): In the USA, on the whole
we have high wage levels, but we are currently fortunate in having low waste
disposal costs. In other countries, the wage levels may be lower, but waste
disposal costs are higher.

So, you have to identify the basis for the cost estimate — that is part of the
assumptions for cost estimates. However, the difference due to wage costs can
be significant — millions of dollars, tens of millions of dollars or, in some cases,
hundreds of millions of dollars. But when you are comparing estimates from
one country to another, it is probably better to use something like person-hours
than monetary units.
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Abstract

Experience gained in South Africa on the decommissioning of uranium conver-
sion, enrichment and fuel fabrication facilities is briefly summarized with emphasis on
the lessons learned. The South African Nuclear Energy Corporation (Necsa) has consol-
idated its nuclear decommissioning and waste management activities at Pelindaba and
introduced a comprehensive, all-embracing nuclear liability management approach. The
paper describes the experience gained on various aspects of decommissioning and waste
management including the social impacts of the decommissioning and waste related
activities during the decade from 1995 to 2005. Certain technological difficulties arose
during this period and the approaches adopted to resolve these difficulties are also
addressed.

1.  BACKGROUND

Radioactive waste has been generated at the South African Nuclear
Energy Corporation (Necsa) since the early 1960s; it originally consisted
largely of research waste, but also included limited quantities of waste from
medical and industrial applications of radioisotopes from other parts of the
country. Spent fuel and radioactive effluents from the Safari Research Reactor
had to be managed from 1965 onwards. Necsa’s nuclear fuel production
facilities, commissioned during the mid-1980s, generated mostly uranium-based
waste. Necsa has been storing all the radioactive waste on the Pelindaba site,
which is approximately 30 km to the west of Pretoria.

The South African Government’s decision to sign the Treaty on the Non-
Proliferation Nuclear Weapons in 1991 and to enter into a safeguards
agreement with the TAEA soon afterwards culminated in the eventual phasing
out of Necsa’s nuclear fuel production capability. As a direct result of these
political developments, South Africa regained access to the international
nuclear fuel markets with the consequence that the economic viability of

245



BREDELL et al.

Necsa’s nuclear fuel production capability was seriously challenged and its
phasing out became inevitable.

The first facility to be permanently closed down was the pilot enrichment
plant for highly enriched uranium (HEU) (Y Plant) in 1990, followed succes-
sively by the closure of the so-called ‘semi-commercial enrichment plant’
(Z Plant) in 1995, the PWR fuel fabrication plant (Beva) in 1996 and the
uranium conversion plant (U Plant) in 1998. The closure of the entire front end
of the nuclear fuel cycles at Necsa left the State with large nuclear liabilities
that needed to be urgently addressed. In response to this need, the
Government made certain financial appropriations in 1995 for the dismantling
and decontamination of the two enrichment plants.

The considerable scope of the liabilities management task as well as the
need for policy decisions to guide the entire process became apparent between
1996 and 1998. In addressing this responsibility, Necsa established a new group
called Nuclear Liabilities Management (NLM). This group was established in
1999 and was made responsible for all aspects of decommissioning, site
remediation and radioactive waste management. Included in its remit was the
requirement to establish a reliable assessment of all of the nuclear liabilities on
the Pelindaba site in order to enable effective liability reduction to be achieved
within the funding resources provided by Government. The overall guiding
principle for this new approach was to provide best value for taxpayers’ money
through the application of cost-effective decommissioning and waste
management methodologies.

Now, six years after the establishment of NLM, much has been achieved
as a result of this integrated liabilities management approach, i.e. (a) liability
assessments have been conducted and reviewed at annual intervals and a suffi-
ciently accurate estimate of the present and past nuclear liabilities has now
been established, (b) the second phase of the decommissioning programme
involving the two enrichment plants, i.e. decommissioning of plant process
equipment, excluding the process buildings, is almost completed, (c) several
smaller facilities such as disused laboratories have been fully decommissioned
and released for non-nuclear use, (d) suitable waste management processes
have been defined, developed and optimized for the various radioactive waste
forms presently stored on the Pelindaba site, and (e) much preparatory work
has been done in defining and establishing suitable endpoints for these various
waste forms.

As a nuclear waste management service provider, NLM has also engaged
in external radiological activities, including the decommissioning of sites
contaminated with naturally occurring radioactive materials (NORM)
previously utilized in the mining and mineral processing industry.
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In the following sections, the lessons learned from the South African
decommissioning experiences are discussed and highlighted.

2. PLANNING

The planning for the decommissioning of the two enrichment plants
initially focused on the dismantling, in situ dry decontamination, size reduction
and removal of the process equipment from the process buildings. The planning
system was continually adjusted to take account of the changing situation and
resulted in satisfactory programme performance. A lesson learned is that
planning systems need to be flexible enough to allow for ongoing adjustments
to the decommissioning programme.

The rate of disassembly of the process equipment had to be carefully
matched with that of the subsequent dry/wet decontamination activities, which
took place in a separate facility. This facility had a limited capacity and its
throughput was optimized by means of a categorization system that allowed
efficient planning and routing of components through the various decontami-
nation processes. The decontamination facility, however, remained a
‘bottleneck’ throughout the decommissioning of the enrichment facilities.

A certain portion of the dismantled process components could, for
various reasons, not be decontaminated down to the required levels for free
release. These components thus needed to be temporarily stored at a suitable
location on site, before being further processed. In the initial planning for plant
decommissioning, sufficient provision was not made for the large storage areas
required for such partially decontaminated components, so that these
components had to be stored outside the facilities where they could not be
adequately protected from weather conditions. This arrangement proved to be
an unsatisfactory but unavoidable solution and clearly demonstrated the need
to take into account, in the planning process, of all the downstream activities
which are part of the overall materials management process. The process
components were sold as scrap after being cleared from regulatory control.

The consolidation of all decommissioning and waste management
activities at Pelindaba into a single nuclear liabilities management group,
NLM, made it possible to establish a comprehensive long term plan for the
discharge of the nuclear liabilities. This approach required that clear endpoints
were determined for the various waste streams, as the liabilities can only be
effectively terminated once the waste is finally disposed of. The approach used
in the management of nuclear liabilities has been effective in bringing focus to
the overall planning, implementation and control aspects of the
decommissioning programme.
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Establishing project priorities within the long term liability discharge plan
presented certain challenges, both at the beginning and in the course of the
programme. A system was developed for reviewing, on an ongoing basis, the
priorities assigned to the various liabilities, including those for decommis-
sioning. The criteria used for prioritization were based on factors such as
maintaining existing facility safety and security conditions, human resource
constraints, technology requirements, fund requirements, public sensitivities,
facility reuse potential and demand. It was found necessary to review the
decommissioning priorities on an ongoing basis to take account of the changing
environment.

Experience indicated that the first and second phases of the decommis-
sioning programme, i.e. the safe shutdown of the facility and the removal of the
process inventory, followed by the disassembly and decontamination of process
equipment could be fairly accurately planned and executed based on available
information and experience gained in the past. Difficulties were, however,
encountered in the third phase, decontamination of process buildings, where
prior experience was lacking. Furthermore, difficulties were also experienced
with regard to the termination of the licensing conditions for facilities that had
been decontaminated during third phase.

Apart from its nuclear fuel cycle activities at Necsa, NLM has also been
engaged in commercial projects for external customers, mostly in relation to
the decontamination of redundant facilities and sites in the gold and uranium
mining industry as well as other minerals beneficiation processes. The main
lesson learnt from this experience is that it is crucial to gain as much
information as possible about the sites in order to be able to plan properly.
Although some information about the radiological state of the sites could be
obtained from radiological surveys, other important information was not
always readily available, especially historical information on the previous use
of the sites. Having such historical information about the sites to be decommis-
sioned is a major competitive advantage for any contender in the tendering
process. Information on the availability of endpoints for the disposal of bulk
materials was found to be crucial to the technical and, hence, commercial
success of the project. Knowledge of the licensing requirements applying to a
project is a vital part of the planning function.

3. INSTITUTIONAL REQUIREMENTS

In South Africa, the Nuclear Energy Act, No 46 of 1999, makes provision
for the discharge of certain institutional obligations, including the decommis-
sioning of nuclear facilities belonging to the State. In terms of this statutory
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obligation, the Government has to provide funds for the decommissioning of
redundant nuclear facilities falling under Necsa’s control.

The decommissioning of these redundant facilities is performed by NLM
under the regulatory supervision of the National Nuclear Regulator (NNR).
The regulator’s terms of reference are based on the National Nuclear
Regulator Act, No. 47 of 1999.

From the perspective of the regulator, the licensee has to put in place
certain resources in order to allow sufficient regulatory control of the decom-
missioning activities being performed. These include the human resources
involved in the technical execution of the task and the financial resources to
maintain, equip, house and apply the human resources. A lesson learned from
past experience is that early involvement of the regulator at the planning stage
is necessary to ensure seamless implementation of the regulatory regime. This
early involvement has not always been achieved.

As part of the regulatory review of decommissioning projects, the
licensee has to submit a pre-agreed licensing strategy. Legislative and
regulatory constraints can potentially seriously affect decommissioning
projects in a number of ways and it is therefore necessary to plan for such
contingencies and to build them into the overall strategy. Some of the most
important potential impacts are project delays and, therefore, difficulties in
accurately scheduling the projects. The resources of the licensee can also be
stretched as a result of such delays.

Necsa has been issued with a single licence for its Pelindaba site, which
covers all operations and decommissioning activities. From the regulator’s
perspective, the removal of fully decommissioned facilities on an individual
basis from the licence has been found not to be practical. An agreement has
therefore been reached with the regulator that licence requirements would not
be terminated, but only temporarily suspended. In retrospect, a licensing
structure that allows separate licences to be issued for individual nuclear
facilities, with clearly defined boundaries, would be preferable to a single site
licence.

The decommissioning work at Necsa has been a learning experience for
both NLM and the regulator. As the programme progressed, regulatory
requirements have increased in scope and detail, requiring more streamlined
work procedures, as well as additional resources. A particularly relevant aspect,
from the licensee’s viewpoint, is the need for an adequate level of technical
competence on the part of the regulator to enable a timely and critical
evaluation of licensing submissions. Where such capabilities are lacking,
serious delays in obtaining nuclear decommissioning licences can be
experienced.
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Central to the licensee’s strategy for compliance with regulatory require-
ments is the need to cultivate and maintain a healthy safety culture in the
workforce. This requirement should take precedence over all other considera-
tions in the implementation of the liabilities management system, even that of
project efficiency.

4.  TYPE AND SIZE OF FACILITY

The facilities being decommissioned on the Pelindaba site consist of a
variety of redundant structures previously utilized for a research, uranium
conversion, uranium enrichment, fuel fabrication and support purposes. The
structures vary in architectural design, size and complexity. The radioactive
contaminants are mainly uranium isotopes and the contamination levels
depend on the nuclear and related processes historically carried out inside
these facilities.

The decommissioning strategies for the different redundant structures
depend strongly on the unique features pertaining to each structure. As the
Pelindaba site is currently still an operating site with an active Necsa
workforce, no difficulties have been encountered in obtaining the required
information, skills and expertise for decommissioning purposes. Had these
facilities been left to future generations to manage, it would be much more
difficult for future decommissioning staff to find the relevant information, skills
and expertise to perform the task.

The redundant facilities earmarked for decommissioning at Pelindaba
can be broadly sub-divided into small (laboratory type) facilities and plant
facilities. The decommissioning strategies for small facilities are fairly uniform
and rarely present problems. On the other hand, the decommissioning
strategies for large plant facilities vary widely and depend on building layout,
structure, services, type of process equipment and the existing levels of
contamination.

The process buildings on the Pelindaba site are large imposing concrete
structures designed to fit into an overall architectural style. These structures,
although aesthetically pleasing, are particularly difficult to decontaminate,
owing to the adsorption of uranium compounds on the porous internal building
surfaces. Special surface cleaning methods had to be applied to these surfaces
in order to achieve the required levels of decontamination. The lesson to be
learned is that special care needs to be taken in the design of process buildings
to facilitate later decommissioning activities.

NLM undertook external contract work from time to time and the nature
of the facilities involved varied widely. The NLM teams involved in these
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activities therefore had to adapt to a great variety of radiological conditions
when defining and implementing decommissioning strategies for these
commercial projects.

5. PROJECT MANAGEMENT REQUIREMENTS

Project management lies at the heart of decommissioning programme
implementation. A decommissioning project management capability at Necsa
was created almost ten years ago. Despite the many changes to the project
management structure during this period, a core of decommissioning
experience and ‘know how’ has been built up over the years at all levels of the
work. This capability was created from a group of people previously involved in
operations and maintenance work. These individuals were required to adapt to
the decommissioning task, not only by changing their entire job orientations,
but also by working in a new organizational structure.

The decommissioning organization had to be versatile and strongly
project orientated in order to cope with continually changing working
conditions. Adequate levels of efficiency had to be achieved while maintaining
a sound safety culture. Among the decommissioning teams there was some
prior knowledge of the redundant facilities to be decommissioned. In spite of
their basic competencies, staff still needed to be trained and motivated to
perform the new project orientated tasks. Apart from the workers,
management staff previously involved in plant operations were also absorbed
into the decommissioning organizational structure. As many of these
individuals had previously worked together, albeit under different conditions,
they were easily be moulded into a single efficient and focused decommis-
sioning project team. The need to commence with decommissioning activities
as soon as possible after plant shutdown cannot be overemphasized.

The NLM organization is a largely self-sufficient group comprising all the
essential elements needed to perform the overall task of liabilities
management, including decommissioning projects. It functions in a highly
integrated manner and embodies all the resources required to fulfil its
obligations as a service provider, with little external assistance. Whether or not
such independence produces optimal efficiency is debateable. During the
formative years of the new NLM organization, the contracting models
employed by other countries in the execution of their decommissioning work
were studied. Ideally, subcontracting the different decommissioning tasks on a
competitive basis to external contractors should enhance overall efficiency, but
in a developing country such as South Africa, the market for these skills does
not exist. ‘In house’ expertise thus became a necessity in this situation.
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As there was limited project management expertise available, initially it
was necessary to establish an effective project management system to execute
the task. This aspect turned out to be a greater challenge than originally
anticipated and required a considerable period of time before it was properly
established. Although formal project management systems are commercially
available, an indigenous system still needed to be shaped on the basis of the
particular needs of NLM. A major effort should be made at an early stage to
develop an effective project management system that fulfils the particular
needs of the decommissioning programme.

The foregoing discussion has centred on the discharge of the State’s
liabilities at Pelindaba, involving relatively sophisticated and technically
challenging project activities. In the case of the external work that NLM
performed for customers on a commercial basis, the project work was carried
out almost entirely by means of subcontractors. These projects were, however,
limited in scope, technically relatively straightforward and could therefore be
executed in a more ‘conventional’ manner.

The success of the project management organization strongly depends on
factors such as retaining the operational and maintenance staff after plant
closure, having an appropriate blend of technical skills, having the necessary
project management capabilities, obtaining detailed knowledge of the facility
operating conditions prior to closure, and, last but not least, achieving the
effective reorientation and re-motivation of the decommissioning staff towards
a new meaningful challenge.

6. TECHNICAL CHALLENGES

The technical challenges in the decommissioning of redundant facilities at
Pelindaba are primarily focused on the following problem areas: the final
decontamination of dismantled process components not decontaminated to the
required levels for free release, the decontamination of building structures as
part of the third phase decommissioning, the conditioning of certain kinds of
mixed waste not lending themselves to feasible solutions and, finally, estab-
lishing disposal endpoints for the different kinds of waste streams on the site.
Each of these areas is briefly discussed below to demonstrate the approach
taken and the lessons learned.

In addressing the need for the final decontamination of the partially
cleaned process components, Necsa decided to install a smelter for melting
down these components. The smelter project was initiated almost five years
ago, but Necsa has, to date, not been able to obtain the necessary approvals
from the environmental and nuclear regulatory authorities to construct this
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facility. This delay is due to extreme public sensitivity exacerbated by environ-
mentalist intervention. Alternative solutions are being investigated, such as the
transfer of the relevant components offsite to be melted at a licensed industrial
smelter. Another approach that was considered involved the shredding of these
components for packaging and disposal at the Vaalputs National Disposal
Facility for low and intermediate level waste. This is an example of a technical
difficulty that should have been foreseen at the planning stage of the decom-
missioning programme and for which a solution in principle should have been
provided.

Some success has been achieved in the decontamination of buildings by
using conventional methods (washing and scabbling). More sophisticated
methods need to be employed or developed for the more severely contami-
nated areas, especially where raw, porous concrete surfaces are involved.
Partial or full demolition of the buildings may be the only options in certain
cases in order to achieve free release. This again emphasises the importance of
choosing appropriate surface finishes during the design of nuclear facilities and
of maintaining these finishes during the operational phase.

The issue of mixed waste, i.e. radioactive and chemical waste mixtures, is
a problem commonly encountered in the decommissioning of disused nuclear
facilities. In Necsa’s case, the following still require feasible technical solutions:
the treatment of large volumes of uranium contaminated lubrication oil from
the enrichment plants, the separation/drying of large quantities of aqueous
sludge containing uranium and chemicals and the conditioning of thousands of
waste drums for disposal at Vaalputs. These problem areas are clearly not
insurmountable as there are alternative solutions available, but the challenge is
in finding the most economically feasible approaches.

Endpoints in general constitute the major challenge in the entire
liabilities management programme. In Necsa’s case, the potential endpoints in
question are firstly, the development of a deep geological repository for
research reactor spent fuel that may, or may not require prior reprocessing,
secondly, the utilization of the existing Vaalputs National Disposal Facility for
the disposal of the large quantities of low and intermediate level waste
currently stored at Pelindaba, and finally, the development of landfills on the
Pelindaba site to accommodate the large amounts of sludge and building
rubble contaminated with only very low levels of radioactive material and for
which such disposal methods are recognized as appropriate. The implemen-
tation of these endpoints for Necsa’s nuclear waste is crucial to the successful
realization of the nuclear liability management approach and thus they should
be pursued in a systematic and focused manner. The lesson to be learnt here is
that the definition, planning and eventual implementation of endpoints, or at
least holding points if endpoints are not feasible, constitute an essential
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element in the discharge of liabilities, of which decommissioning forms an
integral part.

7.  ECONOMIC DRIVERS AND FINANCIAL REQUIREMENTS

The decommissioning liabilities belong to the State and the NLM group
of Necsa is responsible for the discharge of these liabilities. The Government is
clearly the customer in this regard and needs to provide the necessary funds.
The current financial arrangement with the Government is that funds are
annually allocated directly towards the decommissioning of the redundant
nuclear facilities at Pelindaba. The allocations for waste liabilities form part of
Necsa’s annual budget allocations to NLM.

There is currently a scheme in which the Government will financially
‘ring fence’ all decommissioning and waste management activities at Necsa
involving redundant nuclear facilities. It is not clear at the present time what
financial mechanisms will actually be put in place to ensure the long term
funding of these activities. These developments are very promising in that they
demonstrate the Government’s resolve to address the decommissioning and
waste liabilities in a systematic and predictable fashion. A reliable source of
funding for the decommissioning programme is a prerequisite for the
systematic discharge of nuclear liabilities in the long term.

The revenues derived from NLM’s commercial decommissioning and site
remediation activities do not always justify the efforts that go into the planning
and implementation of these projects. Experience has shown that they are time
consuming, taxing on resources, limited in potential earnings and dispropor-
tionately risky. NLM is often approached by customers in the mining and
minerals processing industry to tender for such work. Currently NLM will only
engage in external work based on invitation where competitive bidding is
excluded. Striking a proper balance between the institutional decommissioning
activities (the largest portion of the work load) and those performed for
commercial purposes (smallest portion) is essential in focusing on the main
task at hand.

8. SOCIO-POLITICAL IMPLICATIONS

Necsa has two community based organizations (CBOs) through which
the public is kept informed of developments. One CBO is a voluntary organi-
zation with limited membership and the other is a statutory body created by
regulation through the National Nuclear Regulator Act. In the latter case,
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Necsa is obliged to keep the public living in the immediate surroundings of the
Pelindaba site informed of all relevant safety matters.

At both forums, decommissioning issues are raised from time to time and
it appears that the public is generally favourably disposed towards these
activities. This reaction is clearly due to the fact that decommissioning is
perceived as contributing to the overall safety of the site and hence to the
safety of the public at large. When Necsa shut down its nuclear facilities during
the latter half of the 1990s, many Necsa staff members living near Pelindaba
became redundant. Some of them were re-employed to assist with the decom-
missioning of the closed facilities and this softened the local reaction to the
shutdown decison. Hence, there are no negative sentiments among the public
towards Necsa’s decommissioning programme.

When communicating to the public on decommissioning issues the point
has to be made that the radioactive waste generated on the Pelindaba site will
eventually be transferred offsite. For low and intermediate level waste, the
disposal endpoint will be the Vaalputs site and this aspect has to be communi-
cated to the local communities at both Pelindaba and Vaalputs.

9.  CONCLUSIONS

Decommissioning needs to be treated as an integral component of the
overall nuclear liabilities management strategy, comprising all activities
involved in the reduction of radioactive waste liabilities.

The waste generated as an inevitable consequence of the decommis-
sioning activities should be systematically processed until it is finally disposed
of at approved endpoints.

Decommissioning should be started as soon as possible after the closure
of nuclear facilities in order to benefit from the knowledge, skills and
availability of the existing operations and maintenance staff.

Despite the importance of aiming for optimum efficiency in the imple-
mentation of the decommissioning programme, a safety culture needs to
cultivated and maintained at all times.

The potential impact of regulation on the overall performance of the
decommissioning programme should never be underestimated and it should be
catered for at the planning stage of the project.
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DISCUSSION

K.G. SPOONER (United Kingdom): Regarding the Vaalputs repository,
has any intermediate-level waste been buried there?

PJ. BREDELL (South Africa): Yes, intermediate-level waste from the
Koeberg nuclear power plant is buried there, in concrete drums.

K.G. SPOONER (United Kingdom): Are the drums simply buried, or are
there containers in addition to the metal drums for low level waste and the
concrete drums for intermediate level waste?

PJ. BREDELL (South Africa): The drums are simply buried. As soon as
a trench is completely packed with drums, it is covered with earth, which is
compacted, and the surface is returned to its previous state.

K.G. SPOONER (United Kingdom): Is the Vaalputs repository intended
to be a final repository?

PJ. BREDELL (South Africa): Yes, it is — with an institutional control
period of 300 years. A lot of long term safety assessments have been made, and
the regulator is satisfied with the conclusions.
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Abstract

The paper summarizes the lessons learned from the decommissioning of three
commercial nuclear power plants in the United States of America: Maine Yankee,
Connecticut Yankee and Yankee Rowe. The key lessons are concerned with: main-
taining a credible ‘safety first’ culture while keeping to aggressive cost and schedule
goals; developing a clear project plan and focus; developing a strong project team; main-
taining a strong focus on the management of project risk and ensuring regulatory
compliance.

1. INTRODUCTION

The nuclear power plant decommissioning experience in the USA has
been limited to small experimental reactors and research facilities and about
eight commercial sized reactors. This paper is concerned with the decommis-
sioning of the commercial nuclear power plants: Maine Yankee, Connecticut
Yankee and Yankee Rowe. These plants are briefly described below and key
decommissioning statistics are provided in Table 1.

Connecticut Yankee (CY), a 560 MW Westinghouse PWR on the
Connecticut River, began commercial operation in 1968 and was shut down for
decommissioning in 1997. CY decommissioning was started in 1998 and will be
completed next year.

Maine Yankee (MY), an 860 MW Combustion Engineering PWR on the
coast of Maine, began commercial operation in 1972 and was shut down for
decommissioning in 1997. MY decommissioning was started in 1998 and
completed in 2005.

Yankee Rowe (YR), a 165 MW Westinghouse PWR in western Massa-
chusetts, began commercial operation in 1960 and was shut down for decom-
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TABLE 1. DECOMMISSIONING PROJECT STATISTICS

Plant Length Cost Project ORIR Total dose
(Years) (million $) (injuries/200 000 (man-rem)
work hours)
CY 9 850 1.27 860
MY 7 500 0.26 515
YR 15 750 1.96 594

missioning in 1992. YR decommissioning was started in 1992 and will be
completed next year.

All three projects were successful in that the work was accomplished
safely, and the sites were (or are being) thoroughly cleaned up to meet State
and Federal requirements. While the decommissioning experience for each
plant was somewhat unique, the decommissioning processes used for all three
were basically the same. Prompt dismantlement was chosen to minimize the
time and associated costs without sacrificing safety and dose to workers.

As the decommissioning of the sites progressed, lessons were learned that
helped to improve efficiency and thereby shorten the schedule and the costs.
We learned, in the course of these projects, that effective planning by a strong
management team, both early and throughout the process, was the most critical
factor in reducing decommissioning time and project cost.

2. DECOMMISSIONING PLANNING:
BEGIN EARLY WITH THE END IN MIND

2.1. Waste management

When a plant shuts down for decommissioning, the entire facility,
including the components, becomes waste. Understanding waste streams and
how they are handled and disposed of is fundamental to planning how the
decommissioning will be done. When starting the decommissioning of Maine
Yankee, waste disposal costs were high. This led us to embrace decontami-
nation techniques such as surface scabbling to reduce waste volumes. As
decommissioning progressed, we were able to negotiate waste disposal
contracts with much lower costs. This change enabled us to employ a ‘rip and
ship’ approach. While it is true that waste volumes increased, there were
substantial reductions in labour costs and in the time taken.
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The approximate total waste amounts for the three plants are listed
below:

— Connecticut Yankee: 350 million pounds (163 000 t);
— Maine Yankee: 460 million pounds (210 000 t);
— Yankee Rowe: 170 million pounds (77 000 t).

Despite our best efforts at estimating waste amounts at the beginning of
the projects, the waste amounts increased as we remediated areas and
generated more soil waste than expected. While the amounts associated with
above ground structures can be more readily estimated, it is the below ground
remediation that is most uncertain, even with today’s characterization capabil-
ities. Land area characterization data were utilized to estimate waste volumes.
However, the spread of contamination in soil is unpredictable due to a variety
of factors, including inconsistencies in soil/groundwater conductivity, bedrock
surface features, and structural impediments to groundwater flow.

Waste disposal contracts were negotiated and renegotiated throughout
the decommissioning projects. These changes were the result of new and less
expensive disposal facilities becoming available, changes made by waste
disposal vendors, changes in our understanding of the waste streams, and
regulatory changes. We found that having more than one option for significant
waste streams was helpful for keeping costs under control.

Having multiple waste transport options also helped to control costs and
ensure that we could continue to ship waste under a variety of circumstances.
Railways proved to be the best option for the shipping of bulk waste across the
country. Transportation by rail was available on site at Maine Yankee. At
Connecticut Yankee and Yankee Rowe the waste was transported by road to
the nearest railway. Intermodal containers on road trucks and rail cars were
used to ship the waste to the disposal facilities. Barge shipment was only used at
Maine Yankee and Connecticut Yankee for large components such as the
pressurizer, steam generators, and the pressure vessel.

2.2. Early decommissioning planning

At Maine Yankee, a construction management team started decommis-
sioning planning in anticipation of the decision to shut down for decommis-
sioning. This team embraced performance monitoring, scrubbed the
decommissioning cost estimate, and developed a decommissioning plan and
schedule with a mission of reaching a ‘green field state’ in 7 years — from start
to finish. The team also invited about 15 leading construction firms (either
individually or as teams) to submit firm fixed priced proposals for the entire
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decommissioning scope. To enable these firms to have the maximum
knowledge possible when developing their bids, site characterization was
undertaken. The firms interested in submitting bids were invited to participate
in the site characterization process to the extent that they were encouraged to
attend the daily meetings and to offer suggestions as to what areas should be
characterized. The site characterization report then became their bid basis.

Even though the winning firm, to be called a Decommissioning
Operations Contractor or DOC, would be responsible for the decommissioning
schedule, the utility management team developed a plan and detailed schedule.
While many aspects of the schedule became more detailed as decommissioning
progressed, MY management realized the importance of having and
maintaining a clear understanding of the optimal schedule throughout the
project.

As a result of this planning, it became clear that, in addition to site
characterization, other activities should also be completed to facilitate the
demolition and decontamination scope. The first focus had to be nuclear safety.
At the time of plant shutdown, all fuel was stored in the spent fuel pool because
no previous dry storage activities had been implemented. The decision was
made to address spent fuel storage in parallel with decommissioning.
Therefore, a ‘nuclear island’, including the spent fuel pool and support systems,
was designed and developed to maintain protection of the fuel while the
decommissioning, including original plant systems removal, was going on
around it.

All three plants were shut down before the end of their licensed lives.
None of them had an independent spent fuel storage installation (ISFSI). Fuel
transfer from the spent fuel pool had to take place during decommissioning and
became the critical path. During the fuel transfer phase, maintaining an
‘operations-like focus’ in the midst of a decommissioning environment was
critical to the success of fuel transfer and therefore to the whole decommis-
sioning project. Ideally, plants approaching decommissioning should plan to
have their spent fuel pools as empty as possible so that the spent fuel pool
island is not necessary and the final fuel transfer operations do not extend the
end date of the project.

Another activity that was implemented prior to the start of decommis-
sioning was the transfer of the remainder of the buildings that needed to be
decommissioned to a state of ‘cold and dark’. Electricity to the buildings was
turned off, components were depressurized and drained, and hazardous
materials were removed. The DOC was responsible for adding temporary
power sources, as need, to perform decommissioning. A system ‘re-classifi-
cation and abandonment process’ was important for maintaining regulatory
compliance while supporting the cold and dark configuration. This process
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essentially removed the nuclear classification, e.g. ‘safety class component’, for
certain systems that were important to plant operations but which were no
longer important to the shutdown facilityy Having done this, the
decommissioning of these systems had no significance in the regulatory/licence
basis for the facility.

2.3. Stakeholder ‘buy in’

Another critical key to success in the initial planning is to engage the key
stakeholder to ensure that all parties are properly informed relative to the
project objectives, regulatory interfaces, clean up criteria, issues important to
the local community, etc. These relationships need to be developed early and
nurtured during the entire project. Without stakeholder acceptance and
confidence in the decommissioning process and activities, it is difficult, if not
impossible, to maintain the project schedule and continuity.

3.  ESTABLISH A TEAM FOR SUCCESS
3.1. Construction management team

While effective early planning is vital for efficient decommissioning, the
team that is doing this planning and implementing the plan is critical to success.
Decommissioning is more like construction than a nuclear plant outage. While
the scheduling is similar, the planning is quite different. In both cases, industrial
safety is a critical consideration throughout the work, however, in the decom-
missioning process it becomes more important than radiological safety toward
the end of the project as radiological sources are removed and radiological
risks are virtually eliminated.

A team of construction managers with nuclear experience worked well at
Maine Yankee. They were able to get the decommissioning project on the right
track at an early stage and maintained project momentum even through
unexpected difficulties, such as the bankruptcy of the DOC and the consequent
termination of its involvement. The best approach is to obtain a balance
between people with plant knowledge who possess the right disposition for
decommissioning and new management to aggressively reduce, eliminate, and
simplify processes, where practical. A mix, which includes ‘change managers’
who have clear authority, is essential.
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3.2. Downsizing operations workforce

The biggest controllable cost in decommissioning is manpower. It is
difficult to downsize the operating workforce as a plant moves into decommis-
sioning — particularly when the shutdown for decommissioning is unexpected,
as it was for Maine Yankee. However, the plants that have been slow to
efficiently accomplish this downsizing have had higher decommissioning costs.
Maine Yankee developed an early de-staffing plan that retained needed
workers and released the rest. Severance packages, early retirement, and
worker transition services helped workers make the transition. The major
downsizing occurred over about a three month period. While downsizing is
never easy, workers generally seemed to cope best with the transition when
they understood their expected duration of employment and recognized at an
early stage that the end was near.

Another advantage of early and aggressive downsizing is that it opens up
opportunities to bring in workers with skills that are more suited to a decom-
missioning environment. Also, if these workers are contractors, they tend to be
more accustomed to completing a given scope of work and moving on to
another job. They tend to have less of an ‘employment for life’ mindset.

Of course, some plant operations workers will be needed for some time in
the decommissioning operation. Maine Yankee retained a few workers from
almost every operating plant department throughout decommissioning, partic-
ularly maintenance, radiation protection, licensing, finance, and quality
assurance staff. Operators were particularly helpful for identifying equipment
and draining systems, and managing groundwater and process water discharges.

Some nuclear plant operations skills are helpful in decommissioning.
Compliance with procedures is as essential in decommissioning as it is in
operations. This presents two challenges: having credible procedures and
teaching construction workers that they must follow them. In general, most
plant operations procedures are not applicable to decommissioning. At Maine
Yankee and Connecticut Yankee, site characterization, fuel transfer and some
decommissioning activities were delayed while procedures were revised or
developed to deal with activities that were not anticipated while the plants
were in operation. Since verbatim procedure compliance is not optional,
procedures vary in terms of the level of required specificity and work controls.
For example, activities involving the safety of nuclear fuel require more
controls than other industrial work activities where ‘skill of the craft’ is
sufficient to accomplish a given task.

An important part of human resource management is the staffing
forecast. All positions should have end dates. We openly communicated the
end dates of jobs should be known and updated on a quarterly basis. Everyone
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should know where he/she stands. This reduces uncertainty and anxiety, and
helps foster trust in senior management. It makes good sense for both the
company and its workers.

4.  DECOMMISSIONING MANAGEMENT: SET CLEAR, REALISTIC
GOALS AND MONITOR PERFORMANCE ROUTINELY

4.1. Industrial safety

Decommissioning work can be dangerous, but the safety levels in all three
projects which I have been involved in have been high. This includes the
industrial and radiation safety of workers, nuclear safety, environmental
protection, and public safety. Cost and schedule, although critical measures of
success, are less important than personnel safety. It is vital to convince
everyone on the project that it takes day-by-day focus and managers walking
the talk to establish a strong safety culture. Pre-job briefings involving the
workers and project supervisors should occur before each new job. Daily
briefings are important in identifying potential changes in conditions. It is
important that every worker is empowered to stop a job if he/she feels unsure
about the safety. Managers, likewise, are expected to be concerned about
safety, to insist that workers are safe, and to get out into the workplace to
validate that their expectations are being met. There should be a requirement
that all site managers spend time in the working areas every day and, for
example, it might be required that at least one manager is in the workplace for
every hour of the workday to verify that performance is consistent with the
safety requirements. This was one method we used to drive home the safety
message.

4.2. Radiological safety

Health physicists who understand the work should allocate radiation dose
allowances to each project and monitor its use at least weekly. The dose
budgets for all the jobs should be summed up for an overall annual dose goal
which is then reduced by 15 to 25% to encourage dose savings. The doses likely
to be received vary from one job to another and this has to be taken into
account when allocating dose allowances. The dose goals are not considered to
be met for a particular job until the entire job is completed.

Total project doses estimated early in the project tend to be conserva-
tively high. As radioactive sources are removed and low dose work practices
improve, the actual radiation exposures will tend to drop. Strategic use of
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special robotic tooling can be helpful in addressing highly contaminated
components or structures, thus allowing ‘hot spots’ to be eliminated at an early
stage to reduce the exposure of the workers.

4.3. Project approach
4.3.1. Decommission Operations Contractor

Two of the three projects were started with a general or DOC. In both
cases the DOC contract was terminated and the remaining work was done by
the internal team. The lessons learned outlined above, i.e. good planning by a
strong team, should help to ensure the success of either approach.

4.3.2. Firm fixed priced contracts

Firm fixed priced contracting is important for the sharing of financial
risks and for controlling costs where project scopes can be well defined by
project management. Firm fixed priced contracting is difficult in “first of a kind’
activities or when well defined activities are being undertaken in substantially
different economic environments for the first time. Here again, good planning,
detailed cost understanding, and schedules developed by a knowledgeable
management team will lead to more successful firm fixed priced jobs. Even if
management chooses not to employ firm fixed priced contracting for the entire
scope of the decommissioning, it can be employed successfully in major
portions of the work.

4.3.3. Earned value performance monitoring

Comparing actual spending to budgeted or planned spending is not
sufficient. In fact, it can lead to the wrong conclusions being drawn. In the three
projects, all spending was measured relative to the work being performed. Each
scope of work in the decommissioning had an established cost, based on the
initial ‘total cost to complete’ estimate, for which performance was tracked.
Earned value performance monitoring provided the best understanding of
project progress. This method is particularly useful with firm fixed priced
contracting when both parties agree to the concept and to the earned value
metrics. The management needs to know enough about the project to develop
credible earned value/cost metrics. Earned value percent completion also
provided stakeholders, particularly the boards of directors, with an
understanding of project status and progress.
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4.3.4. Project cost control

Project cost control should be integrated from the beginning into project
planning and must be continually reinforced. In the three projects, monthly
budget meetings were held in which managers of subprojects were held
accountable for their performance and given assistance if required. The project
cost control professionals need to understand cost estimating as well as the
project and field operations and well enough to anticipate potential cost
problems.

4.3.5. Financing

Since these three plants were shut down prior to their planned operating
lifetimes, the decommissioning funds were initially inadequate to finance the
total costs for decommissioning. Through a rate regulatory process, costs were
reviewed and generally accepted as allowable to be billed to electricity
customers. Success in completing the projects leads to a higher acceptance that
ratepayer costs are being minimized. Today, all three projects have substan-
tially paid for their decommissioning costs and are now building reserves to pay
for the storage of spent nuclear fuel for years into the future.

5. STAKEHOLDER INVOLVEMENT

The stakeholders we worked with included our employees, contractors,
boards of directors, regulators, elected officials, media, and the public. We
developed performance indicators to provide a simple measure of project
safety and regulatory, financial and schedule performance. These indicators
were the same for all groups. As a communications tool monthly reports were
provided to the Board of Directors and the project status was discussed at
routine Board meetings. These reports included a narrative of progress and
issues as well as a monthly update of key performance indicators. Additionally,
meetings were held with elected officials and regulatory agencies on a regular
basis to keep them appraised of project progress.

In dealing with public and media communications, we found community
advisory panels to be particularly effective. These groups were sponsored by
the Companies, but made up of credible community leaders. The panels usually
met on a periodic basis, but met more frequently early in the project and during
busy times. The panels also met when a particular issue of public concern was
anticipated and/or raised in the media. The meetings included briefings by
project personnel on project status and issues and opportunities for the panel
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members and public to ask questions and provide input. Initially, the exchanges
could be heated, but over time, as the panel members and others became
convinced that we would provide responsive information, the tone became
more civil. Also, media representatives who attended these meetings provided
the information and context to the public.

6. INSUMMARY: KEY CHALLENGES FOR
DECOMMISSIONING WORK

— Managing the transition from operations to decommissioning;

— Managing compliance: develop clear procedures, work instructions, and
expectations, and hold workers, supervisors and managers accountable
for compliance;

— Developing a strong decommissioning focused project team while
maintaining an operations focused fuel storage and transfer group;

— Building the morale of the workers (the goal is job elimination not
longevity);

— Planning for managing significant waste volumes with limited waste
disposal options;

— Integrating site closure with full resolution of all radioactive, non-
radioactive and groundwater remediation issues;

— Securing stakeholder approval for the financing of decommissioning
when there are initial funding shortfalls caused by the earlier than
scheduled permanent shutdowns;

— Using large scale demolition equipment while still maintaining radiation
exposure controls.

DISCUSSION

P. BEELEY (United Kingdom — Chairperson): Why did it take so much
longer to decommission Yankee Rowe than Maine Yankee and Connecticut
Yankee?

T. LAGUARDIA (United States of America): One reason was soil and
water contamination by PCBs (polychlorinated biphenyls) in paint in the
containment building. Dealing with it caused delays and additional
remediation costs.
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Abstract

Careful planning and management is of utmost importance to ensure that decom-
missioning will be accomplished in a safe and cost effective way under a national regula-
tory framework while minimizing staff and public exposure. Nuclear facilities
decommissioning is not new and a lot of projects are currently being or have successfully
managed, from process equipment replacement, installation revamping to dismantling
of installations. Nowadays, a change of scale is emerging with industrial operations
concerning large nuclear installations within the nuclear fuel cycle such as reprocessing
plants. These operations will last over several decades (around 30 years) and cost
billions of euros. The paper reports on experience during the first eight years of the
decommissioning of UP1, the first French reprocessing plant located at Marcoule and
how the experience is being used in the early stages of the decommissioning of the
second reprocessing plant, UP2 400 at La Hague that has been shut down at the end of
2003. A few of the key issues which require attention, will be developed in the paper , i.e.
the specifics of reprocessing plants, the need for new skills, the need for a change of
culture, human resources and project organization, and waste management.

1. SPECIFICITIES OF REPROCESSING PLANTS
1.1. The role of various facilities in the reprocessing

The main modules of a reprocessing plant are shown in Fig. 1 (UP2 400 at
La Hague site). Each module plays an important role in the PUREX
(plutonium-uranium extraction) process. UP2 400 was commissioned in 1966,
at La Hague, to reprocess the first gas cooled reactor (GCR) spent fuel. It
operated until 1987. In 1976, a head facility, called HA/Oxide was built to shear
and dissolve PWR spent fuel. In 2003, the final shutdown was announced and,
at present, the facilities are either under surveillance or subject to post-
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FIG. 1. UP2 400 reprocessing plant modules.
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operational cleanout operations. UP2 400 reprocessed 9360 t (of which 4887 t
were of GCRs).

It should be pointed out that spent fuel reprocessing facilities, as
compared to power reactors, have a number of important and unique features
that have to be considered during the decontamination and dismantling
programme such as:

— Distinct modules that can be isolated and decommissioned as individual
work sites. The construction of a reprocessing plant such as UP2 400 is
based on the assembly of processes in seven main distinct modules that
can be isolated, such as spent fuel unloading and storage in pools,
decladding or shearing units, dissolution, (U, Pu)/fission product
extraction, plutonium oxide precipitation and calcination, uranium purifi-
cation and concentration in uranyl nitrate, fission product concentration
and storage, medium and low active effluent treatment.

— A greater variety of potential radiological hazards: beta/gamma irradiation or o
contamination, depending on the process being carried out in the cell and
its history.

— A greater variety of risks has to be managed during decommissioning
because of the diversity of the past reprocessing operations (mechanical,
chemical, powder treatment) and the variety of material which has been
processed.
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1.2. Long term and costly operations

Reprocessing plants are enormous mechanical and chemical plants at the
back end of the fuel cycle at which operations are conducted to recover
uranium and plutonium. Inside the various buildings are numerous tanks,
piping and equipment that have contained highly radioactive material; most of
them are inside completely sealed concrete cells that are inaccessible. In
addition to the clean up and dismantling of the numerous cells of the plant, a
considerable amount of diverse legacy waste from the operation of the plant
itself has to be retrieved and conditioned. The overall project for the decom-
missioning operations in the production facilities and the legacy waste retrieval
and conditioning is forecast to extend over the next thirty years and will cost
several billion Euros.

1.3. Two major programmes in the decommissioning of a reprocessing plant

Typically, a decommissioning project of the first generation of reproc-
essing plants, such as UP1 or UP2 400 commissioned in the 1960s, is composed
of two main programmes, which are:

— Post operational cleanout (POCO) and the dismantling of the old
production facilities;
— Historical waste retrieval and conditioning.

The main objectives of the POCO phase are to decrease, to as low as
reasonably achievable, the levels of radioactive contamination and to reach end
conditions that will minimize the need for heavy duty remote operations during
the dismantling, reduce the volume of waste not compatible with surface
disposal (very low level and short lived low level and intermediate level
radioactive waste), and minimize personnel exposure and cost. The operations
during this phase consist mainly of decontamination by rinsing with various
conventional and specific reagents, enhanced where necessary, by mechanical
operations to remove ‘hot spots’ or by the dismantling of some equipment. The
effluents generated are processed and conditioned in the existing support
facilities, which are either the treatment effluent station or the vitrification
installation. Most of the liquid waste is concentrated by evaporation and then
vitrified. The solid waste generated during the POCO and dismantling phases are
treated and conditioned in existing workshops such as compaction, cementation,
melting and incineration units. Seven buildings of the UP2 400 reprocessing plant
are involved in these operations (see Fig. 1).
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In addition to the waste generated as a result of the cleanout and
dismantling of the seven buildings, the UP2 400 plant processed mainly GCR
and PWR spent fuels and generated a large variety of structural and process
waste which was not, in the past, conditioned on-line. The programme for the
retrieval and conditioning of this waste comprises the characterization,
retrieval, sorting, treatment and conditioning of the waste before it is sent for
disposal, or safe interim storage, in the case of long lived intermediate level and
high level waste. Table 1 indicates the nature and inventory of the historical
waste generated during the operation of UP2 400.

1.4. Immediate dismantling strategy

Spent fuel reprocessing facilities handle long lived radionuclides such as
plutonium-239 and caesium-137 and the comparatively small benefits derived
from allowing radioactive decay before decommissioning must be weighed
against the costs of long term care and maintenance. Therefore, the AREVA
NC strategy is immediate dismantling with the objective of making the facilities
suitable for conventional use or for use as regulated facilities, depending on the
intended use of the site. An advantage of immediate dismantling is that part of
the operating staff can continue to be employed and that their knowledge and
skills can be used for dismantling. Moreover, the infrastructure needed for the
dismantling of the facility is still available.

TABLE 1. NATURE AND INVENTORY OF HISTORICAL WASTE

Nature Inventory
PWR hulls and ends 880 t in pits under water
PWR hulls and ends 740 t (6300 drums) in pools
Sludge 9300 m® in pits
Liquid fission products 235 m? in tanks
Resins 362 m® in tanks
GCR structural waste (Mg, C) 680 t in pits

540 t in tanks
Solvents (tetrabutyl phosphate + dodecane) 592 m® in tanks
Technological alpha waste 2400 drums
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FIG. 2. Remote devices.

2. NEW SKILLS

New skills emerge with decommissioning operations, as discussed in the
following paragraphs.

2.1. Remote operations

A considerable variety of commercially available remotely operated
handling equipment is used in inspection, nuclear measurement, maintenance
and repair that can be used in decommissioning operations. The special
environment of the process cells encountered in a reprocessing plant make the
development of remotely operated handling equipment necessary. The use of
‘mock ups’ is often a necessary step for operator training. It has been observed
that integrated teams with multidisciplinary profiles including maintenance,
facility and decommissioning operators are efficient in the use of remote
devices.

A field of expertise has been developed for the dismantling of cells in a
hostile environment. As illustrated in Fig. 2, remote devices are composed of
four main parts, the arm, the tool, the carrier and the control system and each
subsystem has required development before reaching its full capacity. Common
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FIG. 3. CARTOGAM and ISOCS for in situ nuclear measurement systems.

availability rates for such systems are around 50% and still need to be
improved.

2.2. Investigations

Measurements of various types are often used during the various stages of
the decommissioning of a nuclear installation, from the characterization of the
initial state to the final monitoring surveillance. The implementation in the
project structure of a dedicated trained team for ‘in situ’ measurements and
their interpretation is essential. Two main nuclear devices are used (see Fig. 3):

— A real time portable gamma ray imaging system for the detection of
source location and radiation intensity. It allows the superposition of a
visible image over a gamma radiation map;

— An in situ counting system for qualitative and quantitative analysis of
gamma emitters.

Other complementary techniques to in situ measurements are based on
destructive analysis and involve laboratory measurements. These are usually
used for more in-depth investigations. This field of activity is new compared
with the routine analysis carried out during the operating life of the installation.
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3. CHANGE OF CULTURE, HUMAN RESOURCES
AND PROJECT ORGANIZATION

Beyond the technical challenges, AREVA NC’s personnel has a human
challenge to face in coping with the transition that will occur in moving from an
operating culture to a project management culture.

The decommissioning organization has to be set up well in advance of the
final shutdown of the facilities in order to establish precisely the initial state
and the overall decommissioning scenario and to prepare all the documen-
tation necessary for obtaining a decommissioning licence.

In this organization several cultures should co-exist, such as project
management, facility operator and cleanup services with the common objective
of controlling costs and maintaining a high level of safety.

Decommissioning operations have an impact on staffing. The staff to be
employed is, to some extent, dependent on the intended future of the site and
this can have an impact on staffing. Two main cases can be considered:

— The nuclear site is still operating with other services than decommis-
sioning and key resources are being shared among the different
programmes (plants in operation and under decommissioning). This is
the situation for the UP2 400 decommissioning project where two other
reprocessing plants (UP2 800 and UP3) are continuing in operation.

— Decommissioning is the only remaining activity. In this case the profile of
the personnel will evolve towards a multidisciplinary culture and require
training in new skills. The site will also have to face the social aspects of
the shutdown and decommissioning.

4.  WASTE MANAGEMENT

The dismantling of the reprocessing plants at Marcoule and La Hague
will lead to the production of several hundred thousand tonnes of potentially
contaminated waste. Most of it will be scrap metal and rubble. The
management of such large volumes is a key issue because it represents one of
the most substantial costs associated with these programmes.

The French regulations require that each category of waste is dealt with
from production to elimination according to a pre-assessed and controllable
process with waste management routes that are defined in advance. The safety
authority excludes the practise of measurement of any unconditional clearance
levels for use in managing waste from nuclear zones. In the Ministerial Order of
December 31, 1999 (Article 20), the nuclear operator is required to provide a
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detailed waste management plan for approval, called a “Waste Study’, in which
the zoning of the installation into nuclear and non-nuclear zones has to be
implemented. The waste generated from the nuclear zones must be managed
through regulated pathways and outlets, while the waste from non-nuclear
zones can be managed through conventional routes.

During the elaboration of the decommissioning scenario for a reproc-
essing plant, AREVA NC follows certain strategic rules, some of which are
described below:

— All waste compatible with existing surface disposal facilities (very low
level and low level waste) should be treated, conditioned and transferred
to these disposal facilities in order to minimize the onsite interim storage.

— The existing treatment and conditioning support facilities should be used
to the maximum extent by managing the waste flow, taking into account
acceptance criteria and facility capacity.

— One of the first important operations to be carried out in preparation for
dismantling is to established an optimized waste zoning of the site. This
will limit the generation of nuclear waste. Then, particular attention
should be given to the physical and radiological inventory of the
structures and equipment inside the nuclear zones. This permits the most
appropriate route for each waste type to be defined.

— During the life of the decommissioning project, a major objective is waste
minimization.

There are important principles to keep in mind when planning and
implementing waste minimization:

— Keep the generation of radioactive waste to a minimum. Emphasis should
be placed on the segregate the different types of material in order to
reduce the volume of radioactive waste.

— Minimize the amount of radioactive waste by applying appropriate
treatment technology (e.g., compaction, melting, incineration).

— Open possibilities for the recycle and reuse of valuable material.

5. CONCLUSIONS
The approach to decommissioning has to be prepared well in advance and

attention has to be focused, not only on technical, but also on human resource
aspects.

274



SESSION 4

The decommissioning team should include staff having all the required
skills and experience.

Feedback experience from similar operations has to be considered and
evaluated during the elaboration of the overall and, later, the detailed
decommissioning scenario.

DISCUSSION

P. BEELEY (United Kingdom — Chairperson): How important is
feedback for AREVA NC?

G. DECOBERT (France): It is very important. For example, through
OECD and OECD/NEA task groups we have obtained useful feedback
regarding the decommissioning of fission product tanks from people working in
Belgium and Germany.
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Abstract

The paper describes the decommissioning of an abandoned fertilizer plant in
Pireus, Greece. It addresses the particular problems encountered in the decontamina-
tion, clean up and disposal of the naturally occurring radioactive material (NORM) at
the plant and describes the management solutions eventually decided upon. It records
the way in which the public, local authorities and the scrap metal recycling industry
influenced the final targets for decontamination and for site clean up.

1. INTRODUCTION

In the area of the port of Piraeus, in Greece, a phosphate fertilizer plant
was in operation from 1960 until the beginning of 1999. Because of the location
and the high commercial value of the area, the construction of commercial
buildings and other facilities for public use in this area, was envisaged.
Therefore a plan for the decommissioning of the building and the surroundings
was developed.

The decommissioning work was undertaken by a specialized private
company. The Greek Atomic Energy Commission (GAEC) was the partner
responsible for the radiological aspects. More particularlyy, GAEC had the
responsibility for the radiological survey and the radiological management of
the facility. The owner’s demand was that the area should be released from any
regulatory control related to the presence of radioactive material. Therefore,
the contract between the owner and GAEC clearly specified that the region of
the phosphate fertilizer plant should be completely released from radiological
control and that the area should be ‘returned to normality’. In addition, GAEC
provided the radiation protection for the workers during the project.
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The main objectives of the decommissioning were:

— The dismantling and the categorization of the materials;

— The decontamination of the superficially contaminated materials;
— The minimization of the waste produced;

— The management of the contaminated materials;

— The assessment of the environmental impact.

The contaminated materials were categorized by GAEC according to
their physical form (scrap metals, plastic pipes, scales and residues, building
materials, etc) and according to their level of radioactive contamination. For
each type of material, different decontamination and disposal options were
proposed. In order to define the most appropriate technique, the legal
framework and the additional demands of the owner and of the involved local
authorities were taken into account. The criteria for choosing the most
appropriate approach were:

— The optimization of the decontamination;
— The minimization of the environmental dispersion of the contamination;
— The radiation protection of the workers

2. RADIATION PROTECTION CRITERIA
2.1. Legislative provisions

The legislation that implements the International Basic Safety Standards
[1] and the European Directive [2] is the Radiation Protection Regulations [3].
It sets out provisions for the radiation protection of workers, the public and the
environment. This legislation together with two EC documents [4, 5] has been
applied in this project.

In the European Union as a whole and in most countries, there is no
specific legislation covering the issues associated with naturally occurring
radioactive material (NORM). In addition, the approaches for exemption and
clearance are not considered in the same way in the various countries.

Because of the owner’s demand to return the area to a natural
background level, and in view of other special features of the project (e.g. the
‘radiophobia’ of local authorities and the population), the clean up criteria
which were applied for the decommissioning of the fertilizer plant were stricter
than the clearance levels proposed by the European Commission, which are
based on specific dose criteria.

278



SESSION 4

2.2. Practice followed
2.2.1. Scrap metals

The radiation protection criteria used for the recycling of the scrap metals
with no further restrictions were the following:

— The risk from the radioactive contamination had to be negligible;
— The decontamination activities had to be optimized in order to reduce the
contamination as far as reasonably practicable.

Additional parameters, such as the additional cost of decontamination
and the demand of the scrap metal recycling industries for ‘radioactivity free’
material, were also taken into account.

To fulfil the first criterion, a dose criterion of 10 uSv/a was used. This
criterion was not directly applicable due to ‘in situ’ measurements so it had to
be converted through dosimetric models to a specific activity, i.e. a specific
activity of ?’Ra of 300 Bg/kg. If the level was less than this value, the object
could be recycled. Even though the decontamination procedure could be
terminated when the first criterion was reached, it was continued until the
second criterion was achieved. This action was based on the practical
observation that the duration of the additional decontamination procedure and
the amount of waste produced were negligible compared to the total waste and
the work done as a whole. The second criterion was considered to be fulfilled if
the surface beta contamination level and the gamma dose rate near the decon-
taminated object were not distinguishable from background levels.

In most situations in which the first criterion was reached, the fulfillment
of the second was achieved very easily. The decontamination of the material
was continued until no more contamination was detected. The metallic devices
intended for recycling were decontaminated to such a degree that no surface or
bulk contamination was detected. This reflects a requirement of the Greek
steel factories as a condition for accepting scrap metal. In addition, these
factories apply a system of certification and inspection with portal detectors at
each foundry entrance.

If the contamination could not be reduced below the limits mentioned
above, the scrap metals were exported for recycling to a foreign country with an
appropriate infrastructure. The radiological criteria for their exportation were
imposed by the recycling company and were in compliance with the national
legislations of both countries.
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2.2.2. Phospho gypsum
For the management of phospho gypsum, three options were considered:

— The fertilizer plant during the last years of its operation, had a licence to
dispose of the produced phospho gypsum in an abandoned quarry, a few
kilometres away from the site. The licence expired when the plant shut
down. Environmental restoration is in progress at the disposal site and so
the attempts to renew the licence were not successful because of bureau-
cratic problems and the negative opinion of the local authorities. It is
noted that it would have been more logical and convenient to end the
licence of for disposal after the completion of the decommissioning of the
plant.

— Another option was to transfer the waste to the phospho gypsum disposal
sites of other operating fertilizer industries. However, it was found that
many bureaucratic problems existed in seeking to extend the existing
licence in order to permit the disposal of the waste from the decommis-
sioning project.

— The third option was to export the waste to a foreign country with the
appropriate infrastructure for recycling.

The third option was followed.
2.2.3. Radiation protection programme for the workers

Specific measures were imposed to keep the radiation doses to workers
below 1 mSv/a, even though the regulatory dose limit for occupationally
exposed workers is 20 mSv/a. Special protective equipment was used and strict
rules were followed. All workers were part of a monitoring programme that
included monitoring of the external radiation exposure (with thermolumi-
nescent dosimeters), monitoring for internal contamination (by whole body
counting) and the ‘in vitro’ analysis of biological samples (urine) by means of
a spectroscopy. Annual effective doses were kept below 1 mSv.

3. PRELIMINARY SURVEY OF THE AREA
A detailed radiological survey was performed of the abandoned fertilizer

production plant and the surrounding areas.
The instruments used for the ‘in situ’ investigations were the following:
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FIG. 1. The fertilizer phosphate production unit.

— Portable gamma spectroscopy unit (HPGe 20%, CANBERRA
Inspector);

— Portable gamma spectroscopy unit (Nal, Exploranium);

— Surface contamination monitor (CONTAMAT, ESM);

— Portable gamma radiation survey instruments (ESM, Victoreen);

— Portable large volume Nal detector (2 in x 2 in, ESM).

Based on a detailed radiological survey of the area, the fertilizer
production unit as well as some other related constructions (the phosphoric
acid production unit, three phosphoric acid tanks and an underground waste
channel) were characterized as controlled areas. The maximum measured
gamma dose rate was 60 uSv/h. Figure 1 shows a drawing of the fertilizer
production unit.

Samples such as scale, dust, sludge, rubber, etc., were collected from
several places. All samples were dried, homogenized and covered with epoxy
glue in order to prevent radon release from the sample containers. The samples
were measured in GAEC’s specialized and accredited (ISO17025) laboratory,
using three HPGe detectors.

Tables 1 and 2 present the minimum and maximum values of the
measured dose rates and specific activity values and surface contamination
levels of collected samples.

As aresult of the decommissioning of the controlled areas, large amounts
of materials such as metallic pieces (iron and stainless steel, brass and sand
blast waste), phospho gypsum, phosphate, building materials and plastic pipes,
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TABLE 1. RESULTS FROM GAMMA SPECTROSCOPIC MEASURE-
MENTS IN SAMPLES COLLECTED DURING THE FIRST PHASE OF
THE PROJECT (MINIMUM AND MAXIMUM VALUES)

Dose rate Ra-226 U-238 U-235 Th-228 Ra-228

Samples

P (uSv/h)  (Bg/kg)  (Bgkg) (Bg/kg) (Bgkg) (Bglkg)
Deposits from 3-40 2000-13000 280420 1320 64440 75-480
phosphoric acid tank I
Deposits from 2-10 5602800 270-440 13-20 16-100 13-126
phosphoric acid tank III
PG collection area 0.2-2 550-2500 240-400 12-19  29-68  30-80
Deposits on filter 0.4-40 965-6500 221-303 10-15  31-152 33-154
Deposits from the 0.38-60  800-1500 600-919 3043 50-74 55-72
basement floor of the
phosphoric acid

production unit

Surface scale from the 0.25-25 400-500  220-900 10-43 2045 1348
phosphoric acid
transport tubes

Deposits and scale from 2-60 100 000 199 <8 325 362
phosphoric acid stir

reservoir from the waste

treatment unit

Sludge from the small 0.38-60 35000 2600 122 104 93
cube

Samples from the 2-10 2500-3000 360 17 82 87
overflow of phosphoric

acid tank IIT

TABLE 2. SURFACE CONTAMINATION LEVELS (MINIMUM AND
MAXIMUM VALUES)

Ra-226 U-238 U-235  Th-228  Ra-228

Sample (Bg/m?)  (Bg/m?) (Bg/m?) (Bg/m®) (Bg/m?)

Rubber from the phosphoric 9000 1330 63 40 38
acid stir reservoir at the waste
treatment facility

Rubber from Tank I 3
(Total surface 170 m?) 4300-11 600 460 170 190-270  190-330
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with a total volume of 1600 m®, were produced. The management options for
these materials were strongly influenced by the Greek regulatory framework
on waste management. The main concern was to restore the area in a way that
the public would be reassured and the land value would not be decreased. The
value of ?°Ra concentration in soil samples from the surrounding area does not
exceed 100 Bq/kg and the typical radiation dose rate background is between
50 nSv/h and 120 nSv/h.

4.  WASTE PRODUCED

The waste produced from the decontamination procedure was divided
into three groups. The first group contained the bulk scale from the tanks, the
scale from the underground waste channel (mainly phospho gypsum) and all of
the mud removed from the area. The second group contained the scale from
sandblasting and some metallic objects (mainly stainless steel) that could not
be recycled in the steel industry. The third group included materials for which
the dose rate did not exceed the value of natural background dose rate (50—
120 nSv/h).

The analysis of the waste is presented in Table 3. The first group of waste,
of about 150 t with average specific activity 2500 Bq/kg >*°Ra, was exported for
recycling to a NORM treatment plant. The second group of waste of about 9 t,
with average specific activity 5000 Bq/kg *°Ra, was exported for recycling to a
melting plant for radioactively contaminated scrap. Finally, the third group of
about 550 t, consisting of materials that did not exceed the natural background
radiation dose rate of the area, was disposed of as ordinary municipal waste in
waste disposal facilities.

It is noted that the amount of the waste was greater than the amount that
would have been produced if the clearance levels had been applied [4].

TABLE 3. ANALYSIS OF WASTE MATERIALS

Average specific

onr\(:/l;StSe Ds;alfsttlsn activity 2°Ra Qua(rgmes Management
(Ba/kg)
Groupl  Material that simulates 2500 150 Exported for
phospho gypsum recycling
Group2  Contaminatedstainless 5000 5 9  Exported for
steel recycling
Sandblast scale 4
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TABLE 3. ANALYSIS OF WASTE MATERIALS (cont.)

Group3  Iron 150 330 550 Managed in
Greece as
municipal
type waste

Stainless steel 25
Brass 5
Debris, wood, plastics 190

5. FINAL SURVEY OF THE AREA

After the demolition of the buildings and the separation of the debris and
the iron bars, a final survey of the restored area was performed (Figs 2(a) and
2(b)). Some hot spots were detected and removed. The area was divided in
22 sectors of 2m? each. The dose rate survey of each sector was performed using
a Nal detector. The measured radiation dose rates in the area were at the level
of the natural background of the nearby areas.

During the final survey of the area, no residual surface contamination was
detected, only some sparsely distributed low level contaminated materials
immersed deeply in the soil were detected.

6. CONCLUSIONS

The decommissioning project at the abandoned fertilizer factory was the
first project of its kind performed in Greece. It involved legislative, technical
and political issues and for these reasons it was of special interest. Detailed
records and descriptions of the procedures followed are kept by the GAEC in
order to be able to transfer the experience and the knowledge gained.

From the legislative point of view, the radiological clearance levels were
determined based on the general directives and recommendations of the EC,
IAEA and on the Greek Radiation Protection Regulations. Specific clearance
levels were determined and applied for application to the different
management options. This project revealed the administrative difficulties in
managing, storing or disposing of NORM waste. For this reason, a new
challenge for Greece would be the investigation and authorization of new
practices involving use of NORM materials, as already applied in some other
countries (e.g., reuse for soil improvement, in structural manufacture, road
construction, etc.).
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FIG. 2. Results from the final dose rate survey of the area (a) before and (b) after the
surface decontamination.

The decontamination strategy was influenced not only by the radiation
protection criteria imposed during the decommissioning of the area, but also by
the opinion of the public, the local authorities and the owner, and by the
conditions required by metal recycling factories. For these reasons, the
decontamination of the materials was performed to levels well below the
clearance levels, and most of the materials, which were not exported, were
decontaminated until background levels were reached.

From the technical point of view, assessment procedures were applied in
order to determine compliance with specific clearance levels and to assess the
impact of different decommissioning and management options. Measurement
procedures were established and verified in order to determine the activities of
materials of different amounts, shapes and physical forms.
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DISCUSSION

H. EFRAIMSSON (Sweden): Was the scrap metal decontaminated down

to levels below the 10 uSv clearance level recommended by the European
Commission?

K. POTIRIADIS (Greece): Yes, it was. The Greek companies dealing in

scrap metal insisted that there be no activity measurable by portal detectors or
by other such means.
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PANEL DISCUSSION
Session 4

IMPLEMENTATION OF
DECOMMISSIONING ACTIVITIES

Chairperson: ~ P. BEELEY (United Kingdom)

Members: ~ A. BAEKER (Germany)
I. TRIPUTTI (Italy)
C. PIANI (South Africa)
F. LOCKHART (United States of America)

P. BEELEY (United Kingdom — Chairperson): I invite the panellists to
respond to the question ‘How to maintain knowledge and safety culture
during a changing project management environment — from operation to
decommissioning, during decommissioning and after the completion of
decommissioning?’

F. LOCKHART (United States of America — panellist): Regarding the
maintenance of safety culture, at Rocky Flats we found that, with the transition
from risks associated with ionizing radiation to industrial risks associated with,
for example, the movement of heavy equipment about the site, it was important
to focus both management and workers on the new risks. We also found that it
was important to strike a balance between the different types of new risks; for
example, through the use of anti-contamination clothing the number of cases of
skin contamination was reduced almost to zero (in a workforce of about 1000),
but there were many cases of heat stress.

In the changing risk environment, we had to modify the authorization
documentation setting the limits and spelling out the criteria for the
performance of tasks, and we had to ensure that the workforce complied with
the new rules precisely. All had to realize that there was no room for casualness
or informality.

An important lesson learned by us related to the key role played by the
foremen of the work crews in keeping the workers focused on safety. In the
light of that lesson, we made sure that the foremen received considerable
industrial safety training.

C. PIANI (South Africa — panellist): We are a research reactor operator
that has decommissioning plans in place but does not intend to decommission
yet. Against that background, I should like to present a managerial point of
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view regarding what it means to maintain knowledge and safety culture during
all phases in the lifetime of a research reactor or any other nuclear facility.

Irrespective of phase, the management must ensure that all members of
the staff have the ability to do their jobs efficiently and safely. Most of you,
when working around the house, will have been asked by a child whether it may
help. The willingness is there, but you know that the child does not have the
necessary ability. In my organization, we ensure that people have the necessary
ability by putting great emphasis on training. Nobody embarks on a job without
first being trained to do it, evaluated and authorized.

As regards the maintenance of knowledge about a facility that has been
shut down, it is obviously important to preserve the operating records, but at
least 80% of the information about the facility will be in people’s minds. In
order to avoid loss of corporate memory, some of the operating personnel
should be retained after shutdown, if possible.

As regards the maintenance of safety culture, we urge people to ‘think
safety’ irrespective of what job they are doing. The message is ‘If you think that
a certain operation is unsafe, don’t carry it out’! They should constantly be
thinking ‘Is what I am doing safe?’ If they have doubts, they should stop and
ask for advice. We encourage people to observe one another at work and, if
necessary, say ‘What you are doing is unsafe. Perhaps you should rethink
things’. It is a kind of peer review system that has proved to be very useful in
helping to maintain safety culture.

I. TRIPPUTI (Italy — panellist): During decommissioning, the radio-
logical risks are much lower than during plant operations. However, the risks
associated with human behaviour may increase, owing to a combination of
factors — people tend to pay more attention to radiological risks than to
industrial risks; because of a good safety record, people can be too complacent;
many years may have elapsed between the end of operations and the start of
decommissioning, with a consequent loss of knowledge and skills (young
people do not have sufficient knowledge of the plant); with the lower radio-
logical risks, senior people have become over-confident and less alert and tend
to bypass necessary procedures; contractors without even a minimum of
nuclear safety culture are participating in the decommissioning; and the ‘best’
people have moved to other parts of the organization or left the organization
altogether.

Often, the people involved in decommissioning are not regarded by their
employers as productive, and the investment in knowledge preservation and
the maintenance of safety culture is therefore inadequate. Also, when decom-
missioning is funded by the State, training and retraining costs are not
considered eligible for reimbursement.
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The need to maintain knowledge and safety culture is particularly
important in a changing environment like a decommissioning project, Conse-
quently, education and training must be maintained at the highest levels, and
you need to ask yourself every day whether you are doing the right thing in the
right way.

I have one suggestion - that each organization appoint a senior manager
with the primary task of monitoring its knowledge management processes and
safety culture levels.

A. BAEKER (Germany — panellist): At Greifswald, in the former
German Democratic Republic, we were faced with the task of decommis-
sioning five WWER-440s that had all been shut down at the same time. This
required the development of a technical strategy and a personnel strategy. We
first developed the technical strategy, covering everything from planning
through execution to waste management and site reuse. We then developed the
personnel strategy on the basis of the main features of the technical strategy.

From the point of view of maintaining knowledge and safety culture, the
lessons learned by us have been as follows: the personnel strategy is of key
importance; it should be developed before decommissioning starts; for reasons
of motivation, maximum possible use should be made of one’s own personnel
during the decommissioning (no main contractors - just a few subcontractors);
before the start of decommissioning, a project structure designed to ensure that
the project is carried out safely should be established; for reasons of personnel
motivation, the staff reductions should be socially acceptable (at Greifswald,
the reduction was from about 4000 to about 1100); special training in
dismantling and other decommissioning work should be provided; again, for
reasons of personnel motivation, the possibility of site reuse and the creation of
new jobs should be included in the provisions for site remediation; and, if
possible, the prospect should be offered to the staff of work on
decommissioning projects elsewhere.

As regards the last point, thanks to the know-how acquired at Greifswald
we have won contracts for three further decommissioning projects in Germany.

C. MILLER (United States of America): How does one induce former
operating staff to remain during decommissioning, especially if no future use of
the site is yet foreseen?

F. LOCKHART (United States of America — panellist): Former
operating staff need to be given reasonable jobs connected with the decommis-
sioning. At the same time, it should be made clear to them that those jobs will
not last indefinitely and they should be helped in preparing for the time when
the jobs expire.

At Rocky Flats, where there was a strong union presence, the decommis-
sioning contractor worked proactively with the union leadership in redesigning
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retirement benefit packages, arranging for retraining and supporting entrepre-
neurial initiatives such as the establishment of small businesses. A commitment
was made to the employees in question, and for a year after the end of decom-
missioning there was a ‘transition office’ helping with the drafting of resumés
and the search for new jobs.

C. PIANI (South Africa — panellist): At one point, my organization had
almost 9000 people working for it on virtually all aspects of the nuclear fuel
cycle. Following its international acceptance in the nuclear technology field,
South Africa no longer had to do certain things itself and many types of job
became unnecessary. Drastic staff cuts were made, and the present number of
staff is about 1500. A lot of assistance was provided to the people seeking new
jobs, and psychological counselling was offered to anyone traumatized by the
termination of an expected long career.

In my view, if a large nuclear facility had to be shut down in South Africa
now, thanks to the current Pebble Bed Modular Reactor project the situation
of the workforce would probably be less discouraging. That project is strongly
motivating many young people, and there is even a shortage of qualified
personnel.

I. TRIPPUTI (Italy — panellist): The most experienced members of the
operating staff of a nuclear facility are usually the older ones, and, as decom-
missioning tends to be a lengthy process, they will probably be too old to
participate in the process right through to its completion. What one therefore
needs, in my opinion, is a knowledge management system that provides for the
transfer of knowledge from those older members of the operating staff to
younger people. Younger members of the operating staff may be induced to
remain and participate in decommissioning by a plan offering them the
prospect of future work at the site after it has been released for reuse or by a
promise of employment elsewhere within the organization in due course. What
one must avoid is giving people the impression that they are being asked to ‘dig
their own graves’. If they get that impression, they will decommission as slowly
as they can.

A. BAEKER (Germany — panellist): At Greifswald, in order to retain
the most highly qualified people we had to ‘educate’ them so that they realized
that decommissioning is a ‘normal business’ requiring a great deal of
knowledge and skill. We succeeded, which should encourage those in Eastern
Europe who are facing challenges like the ones which we faced at Greifswald.

It is also important to offer prospects going beyond the end of the decom-
missioning exercise. At Greifswald, we are hoping to create about 1000 jobs
through industrial reuse.

P. BEELEY (United Kingdom — Chairperson): I was involved in a
decommissioning project ten years ago, where the reactor manager, who was
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nearing retirement, was made the decommissioning project manager, drawing
on his extensive knowledge of the facility and helping to train younger
colleagues.

We need to make it clear that decommissioning is a highly responsible
scientific and engineering activity involving many technologies and that one
can have an entire, satisfying career in decommissioning. That is the best way of
attracting people who are just leaving university. We should be thinking of
career management in the decommissioning field.

S. SAINT-PIERRE (World Nuclear Association): It is fairly easy to
motivate the operating staff of a shutdown facility and involve them in the
decommissioning if there are other facilities still in operation at the site. If
there are not, they may be motivated by the prospect of ‘new build’, unless the
new facilities are expected to be built elsewhere.

P. BEELEY (United Kingdom — Chairperson): We tried to convince
former operating staff members who were young enough that they could
become decommissioning experts and make a career in decommissioning. Of
course, for that approach to work it is necessary that the pay in the decommis-
sioning field be sufficient.

I. TRIPPUTI (Italy — panellist): In Italy, we no longer have any
operating nuclear power plants, and at present there is no prospect of ‘new
build’. Consequently, there is little to motivate former senior operators.
Salaries cannot be increased as there is no income from nuclear power plant
operations, and people over the age of about 55 have great difficulty in finding
new jobs. So, some former senior operators are staying on and helping with
decommissioning simply because they see no alternative. That is a difficult
issue, but we are trying to resolve it.

C. PIANI (South Africa — panellist): One lesson we have learned is that
you cannot base your hopes on your existing personnel. We have therefore
been encouraged by the interest shown by young people in the work being
done on the Pebble Bed Modular Reactor. After learning about that work,
many are contemplating a career in nuclear science and technology. My organ-
ization has hired some of them, although we realize that not all will remain
within the nuclear industry after their training.

H. RIOTTE (OECD/NEA): In order to give decommissioning a higher
profile, perhaps one could establish ‘nuclear decommissioning engineer’ as a
recognized profession.

F. LOCKHART (United States of America): I can see scientists,
engineers and safety professionals making a career in decommissioning, but not
‘hard hat workers” — decommissioning involves difficult, dangerous and dirty
work, and only very special individuals would choose to 