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FOREWORD
The transition period between plant operation and the implementation of
a decommissioning strategy is a critical one. During this period a number of
modifications — both technical and organizational — are needed to adapt the
plant to meet new objectives and requirements. It is essential that detailed
planning for decommissioning begin in good time during plant operation and
preparatory actions for the implementation of the decommissioning strategy be
initiated immediately after permanent shutdown. This ensures a gradual
transition and minimizes an uncontrolled loss of resources. In some cases,
however, this transition process could be better managed. There is significant
scope for improvement worldwide. The purpose of this report is to highlight
technical, management and organizational issues arising during the transition
period; to provide guidance to minimize delays and undue costs; to optimize
personnel and other resources; and to initiate preparatory activities for
decommissioning in a planned, timely and cost effective manner.
Published information and practical guidance on technical, management
and organizational aspects of the transition period are scarce in comparison to
what is available on operation or decommissioning. With the growing number
of nuclear facilities reaching the decommissioning stage, it is timely to gather
and consolidate the experience available globally in a dedicated report. The
targeted readership includes all parties involved in operation and
decommissioning of nuclear installations, e.g. decision makers, plant operating
organizations, decommissioning contractors and regulatory bodies.
A Technical Committee Meeting on the subject was held in Vienna from
4 to 8 March 2002. The meeting was attended by seventeen experts from eleven
Member States. The participants discussed and revised a preliminary report
written by consultants from Germany, Italy, the Netherlands, the United
Kingdom, the United States of America and the IAEA. After the meeting the
text was revised by the IAEA Secretariat with the assistance of consultants
from the United Kingdom and Germany. The IAEA officer responsible for this
publication was M. Laraia of the Division of Nuclear Fuel Cycle and Waste
Technology.

EDITORIAL NOTE
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 IAEA.
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1. INTRODUCTION
The transition period from installation operation to implementation of a
decommissioning strategy is an important one. During this period a number of
plans and modifications are made to adapt a facility to new objectives and
requirements. Transition activities take place between operation and
placement of the facility in a safe and stable condition preparatory to safe
enclosure and/or dismantling. Typically these activities include defuelling of
reactors, retirement of equipment and systems, radiological and waste characterization, operational waste treatment and removal of minor components.
Generally, removal or dismantling of major components and, where applicable,
safe enclosure (SE) are excluded. However, activities carried out during the
transition period will depend upon the type of facility and the regulatory
regime. The objective of the transition period is to plan and implement these
activities in a timely manner. A cultural change is also needed to reflect
different management and working practices. It is essential that planning for
the transition and decommissioning begin during operation and that activities
be implemented as soon as possible after permanent shutdown to ensure a
controlled transition and the best use of resources.
A key to the success of the transition period is the training and
preparation of facility personnel. This includes, in particular, utilizing operating
staff whose knowledge of the facility and its systems is invaluable during this
transition period. In addition, as shown in this publication, a number of
strategic and administrative issues need to be addressed before or immediately
after permanent shutdown of the plant to support planning for decommissioning and to reduce the burden of operational requirements. Figure 1
provides a possible scheme for decommissioning related activities, projects and
organizational aspects covering the period from operation to final dismantling
of a nuclear installation.
The subject of the transition period has been dealt with in part by
previous IAEA publications, e.g. Refs [1–4], but never addressed as a distinct
subject. Little publicly available literature exists on this subject.
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FIG. 1. Decommissioning related activities during the life cycle of an NPP.

2. OBJECTIVE AND SCOPE
The objective of this report is to provide practical advice and information
on important aspects of the operation to decommissioning transition with a
view to minimizing decommissioning delays and avoiding unnecessary costs
during final planning for decommissioning. The readership includes all parties
involved in operation and decommissioning of nuclear facilities, e.g. decision
makers, plant operating organizations, decommissioning contractors and
regulatory bodies. It is important that those responsible for plant life
management take account of the issues associated with the transition from
operation to implementation of a decommissioning strategy when considering
and planning for permanent shutdown (e.g. adjusting the requirements for the
retention of spare parts).
This report provides guidance for planned shutdown and excludes postincident/post-accident shutdown scenarios and abandoned or ‘historic’
facilities. Other cases of early termination (e.g. as a result of political decisions)
are not the primary focus of this publication. However, the activities and
processes described may be of assistance in such circumstances. Additionally,
early transition planning could provide a basis for any recovery from such a
situation. For these facilities, transition may require a significant effort to
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identify and evaluate existing conditions before identifying appropriate
activities and taking the requisite actions. In this case, the transition from
operation to decommissioning will assume aspects quite different from
a planned shutdown. A complementary publication dealing with management
of early termination of NPP operation has been published by the IAEA [5].
This report covers factors applicable to any nuclear installation, e.g.
power plants, research reactors, fuel cycle facilities. The guidance provided in
this report is generic in nature. Application will necessitate tailoring it to suit
the size and nature of a specific facility. For example, a small research reactor
will not require the same degree of planning or number of transitional activities
as a commercial NPP. Factors specific to various types of nuclear installation
are discussed. The focus is on preparatory activities for implementation of a
decommissioning strategy. In particular, this report aims to ensure that the
transition between operation and implementation of the decommissioning
strategy is managed safely, effectively and efficiently. It addresses strategic
issues such as planning, administration and implementation. Safety aspects
associated with the transition period such as changes to regulations, safety
systems or accident analysis, as well as licensing of the transition period, are
dealt with in another publication being prepared by the IAEA [6].

3. STRUCTURE
The main part of this publication describes key aspects of the transition
period. It emphasizes three topics:
(1)
(2)
(3)

The overall approach and organizational and structural issues (Sections
4–7),
Practical issues relating to planning, management and administration
(Sections 8–10),
Technical issues relating to implementation of the transition, including
the costs (Sections 11–12).

Section 4 highlights key planning issues and their benefits during early
preparation for decommissioning. Section 5 introduces the main goals in the
transition from operation to implementation of the decommissioning strategy
and gives examples of typical activities. Section 6 highlights issues which could
hinder timely decommissioning, i.e. unduly lengthen the transition period
leading to an increase in cost. Section 7 describes major changes during the
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transition period that have to be controlled by plant management. Section 8
describes the organizational and personnel changes during the transition
period in more detail. Section 9 turns to strategic issues which have to be
managed during the transition period (planning, retirement of systems,
technology and tool development, waste management, database development),
while Section 10 deals with management/administrative issues arising in
parallel (inventory of radioactive and hazardous materials, purchasing policy
and retention of spare parts, record keeping, training, and interaction with all
stakeholders in the transition and decommissioning process). Section 11 deals
with the practical implementation of the issues described in the two previous
sections, i.e. spent fuel removal, system cleanout and removal of items, implementation of waste management, decontamination, management of systems,
preparation of the facility and buildings for decommissioning. Section 12 gives
an overview of cost items which are relevant to the transition period. As a
supplement to Section 12, the appendix highlights standardized cost items for
decommissioning projects which are relevant to the transition period.
Annex I describes the approaches to and the experience of the transition
period in various countries. Annex II provides case studies of problems
encountered, solutions and lessons learned during the transition period.

4. PLANNING FOR DECOMMISSIONING
DURING THE LIFETIME OF A PLANT
Significant savings can be realized by initiating decommissioning
planning in a systematic fashion prior to permanent shutdown and well before
a decision to shut down is even made. References [7–9] recommend that a
decommissioning plan be produced at the time of the plant’s design and
construction (see Section 9.1 for more details). The planning should continue
while the plant is still operational and information and knowledge of the plant
are readily available. This should minimize the need to subsequently track
down workers and reconstruct previous events from their memories. It is,
however, recognized that for many older facilities such plans will not have been
produced at these early stages of their life cycles. A comprehensive, well
formulated planning programme would identify the scope of the decommissioning effort required and begin preparation of planning documents. It would
also identify and resolve waste management issues; make sound cost estimates
to allocate funds for decommissioning; and address the safety aspects, cost and
schedule of the decommissioning.
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Early planning [10] will ensure that:
(a)
(b)
(c)
(d)
(e)

(f)

(g)

(h)

(i)

Funds have been allocated during the plant’s lifetime.
Allocated funds can be spent promptly as needed for a smooth, timely
transition to decommissioning.
Time and money will be saved (e.g. due to shortened decommissioning
schedules).
Planning is carried out systematically, with less schedule pressure.
Necessary information is available while the plant is operational, records
are intact and their location known. Timely access to reliable information
can speed up decommissioning planning, reduce uncertainty and risks in
the planned work, and result in cost and schedule efficiencies.
Personnel resources (history and expertise) are still available while the
plant is operating. However, soon after the announcement of a shutdown,
some people will wish to leave. Those leaving might include older, more
knowledgeable personnel and younger personnel who would provide a
core workforce for later transition and decommissioning tasks. Members
of younger and older age groups may leave for different reasons:
(1) The older group may not wish to leave if they cannot see alternative
employment prospects. However, if early retirement packages are
offered and accepted by a large proportion of this group, valuable
experience and knowledge may be lost. The effects of such losses
may be mitigated by implementation of arrangements such as those
described in Ref. [11].
(2) The younger group may wish to leave to seek new opportunities
elsewhere. If they do, some of the effort necessary to plan and
implement the decommissioning may be lost. To avoid this, steps
should be taken to retain some of these people. This could be done
by maximizing the opportunities for them to gain appropriate
experience and by highlighting the opportunities for future work on
decommissioning.
Secure employment for a longer period of time could help overcome the
problem of morale where, after plant shutdown, employees are
effectively working themselves out of their jobs.
Problem areas such as waste generation, characterization and
management will be identified early and plans produced for minimizing
delays after shutdown.
While the plant is still operational there is time to plan for decommissioning to achieve the best results, while not adversely affecting
operations.
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(j)

The length of time between shutdown and the start of the decommissioning activities will be considerably reduced.

Early planning can also ease the impact of an unplanned, permanent
shutdown. Typically, some older nuclear units have experienced serious
technical problems requiring either expensive repairs, upgrades and replacements, or permanent shutdown. Unplanned, permanent shutdowns can have
severe economic consequences for the operating company and further
complicate the decommissioning effort as priorities have to be changed.
Orderly, systematic decommissioning planning is recommended during
operation to lessen these effects.
After the plant is shut down, decommissioning may quickly evolve into a
‘material out the door’ mentality to show progress and, as a result, the plan may
suffer a schedule squeeze. This may be mitigated by maximizing the number of
waste shipments off-site during the operating period, depending on the availability of suitable repositories. If the plant is shut down prematurely, having to
undertake decommissioning planning after shutdown may lead to a longer and
more expensive decommissioning process.
It should be recognized that assigning the task of planning for decommissioning to an operating organization may cause a conflict with its prime focus of
operating safely and economically, particularly where the plant to be decommissioned shares a site with operating plants. To overcome these difficulties, in
some countries separate organizational units are in charge of planning for
decommissioning. Table I lists possible consequences to the timescale, costs and
environmental impact of decommissioning if relevant documentation and/or
information is not available.

5. OBJECTIVES OF THE TRANSITION PERIOD
Planning for the transition should begin during the facility’s operating
period. Depending on national regulations, an operating licence may remain in
effect during all or part of the transition period. The goals during the transition
period are to put the facility in a clearly stable condition (e.g. SE), to eliminate
or mitigate hazards, and to transfer programme and financial responsibilities
from the operating to the decommissioning organization as appropriate. Timely
completion of the transitional activities can take advantage of a facility’s
operational capabilities before they are lost. Certain activities can be
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TABLE I. CONSEQUENCES OF NOT HAVING RELEVANT DOCUMENTATION/INFORMATION FOR THE TRANSITION PERIOD [11]
Design, construction, and modifications data
Consequences

Data
Site and facility
characterization,
geological and
background
radiological data

More time, resources and equipment required;
Future litigation due to inadequate data;
Significant interaction with the regulatory body on the
potential environmental, health and safety issues.

Complete as built
drawings, a technical
description of the facility,
including design
calculations

Time/money spent on reconstructing the record
and calculations;
Direct effect on decommissioning strategy — impact on
scheduling;
Cannot move to decommissioning without this data being
available or reconstructed.

Procurement record and
information on the
composition of materials
used during construction
and through the lifetime
of the plant

Adequate theoretical assessment of neutron activation of
materials is more difficult — waste cost estimates become
difficult, leading to considerably more sampling at the facility;
Can affect the decommissioning strategy regarding waste
management;
Causes difficulty in estimating potential dose uptake. This will
lead to conservative decommissioning strategies which will
effect decommissioning work packages.

Data

Operating, shutdown and post-shutdown data
Consequences

Environmental releases
(over the lifetime of the
facility)

Lack of assurance on off-site and on-site contamination;
Potential for cleanup operations that are not the facility’s
responsibility;
Potential difficulty in releasing land for other uses.

Abnormal occurrence
reports

The need to deal with unknowns, can give rise to unexpected
operator risk, cause lack of confidence by the regulatory body,
the public or the workforce in the management of the
decommissioning;
Unexpected waste arisings and workforce dose/chemical
exposure;
Time, costs, resources — can impact the ability to release land.

Records of termination
of pipes/cables/vessels

Unexpected hazards arise;
Interfere with the development of work programmes —
contingency required;
Additional wastes generated, e.g. vessels of liquids, cells of
material.

Note: All these issues can affect contract bids. Inadequate contingency planning could lead
to increased safety hazards, worker dose implications and financial shortfall.
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completed more efficiently and cost effectively at this time than if they are
postponed.
Activities during a facility’s transition period continue to incorporate
integrated safety management at all levels to provide protection for workers,
the public, the environment as well as the plant. An important objective
through transition and eventually decommissioning is to maintain an integrated
and smooth process with links to the previous operational phases through
reduced surveillance and maintenance.
The decommissioning of a nuclear facility can be supported by the
completion of selected activities during the transition period. The transition
from the operating to the decommissioning organization can take a considerable amount of time, even years. It is important that progress made during
the transition supports the decommissioning strategy. Transition planning is a
necessary part of overall decommissioning planning and management.
Key objectives during facility transition are to [12]:
(a)
(b)

(c)

(d)

(e)

(f)
(g)
(h)
(i)

Develop the transition and decommissioning plans, including the specification of end points1 establishing and defining the required conditions;
Make an expeditious start to activities aimed at eliminating or mitigating
hazards, beginning with those that clearly should be carried out regardless
of the subsequent decommissioning strategy;
Complete the necessary activities to meet the transition end points, with
priority being given to the specified end points for mitigation and removal
of hazards and materials;
Maximize the utilization and effectiveness of current operating
knowledge, personnel and operating systems or programmes to reduce
hazards at the facility, with emphasis on processes and systems for which
the skills and knowledge required are unique;
Establish effective relationships among all involved parties, in particular
among the operating and decommissioning organization, contractors and
authorities;
Mitigate the social impacts of organizational changes;
Reduce the cost of surveillance and maintenance and other transition
activities;
Identify the treatment, storage, transport and disposal requirements for
all materials and wastes;
Review the budget and funding for specific decommissioning projects;

1

‘End points’ are the detailed specifications for the physical condition and
configuration to be achieved at the end of a specific phase in the facility’s life cycle.
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(j)

Initiate the ongoing process of culture change and implement new work
methods and philosophies.

The degree to which these objectives can be achieved at a facility will vary
greatly depending on its function, current condition, configuration and status.
High priority is to be given to actions to eliminate or mitigate hazards such as
flushing of process systems, removal of waste and defuelling. For other
activities, a transition end point development process will ensure that the
appropriate activities are identified and completed. Typical transition activities
are [12]:
(1)
(2)
(3)
(4)
(5)
(6)

(7)
(8)

(9)

(10)
(11)
(12)

(13)

Sale, further use, recycling or dismantling of usable fissile/fertile
materials.
Removal of spent fuel and other fissile/fertile material from the plant.
Removal of spent fuel and other fissile/fertile material from the site (if
applicable).
Stabilization, treatment and/or removal of potentially unstable materials
or wastes.
Reduction or elimination of the potential for fire or explosions from
violent chemical reactions or nuclear criticality.
Completion of cleanout operations of systems, lines and other equipment
not needed in the future that have the potential for significant radioactive
and chemical material inventory.
Neutralization and disposal of hazardous chemicals and oil in storage.
Review, using the safety assessment, of changes in the configuration and
status of systems and structures as a result of transition activities, e.g.
reducing redundancies in systems and structures.
Revision of operating requirements and controls as appropriate to
changed conditions; this should also include the number of personnel
required to maintain the appropriate safety standards.
Installation and/or verification of sufficient barriers to prevent the spread
of contamination.
Verification of appropriate safeguards and security.
Checking and updating of relevant facility drawings and other documents
to reflect changes that have been made during the operational period
and/or the transition period.
Training and awareness of facility staff for their future work and roles.

Further detail and comment on end point development and specification
are given in Annex I–14, along with references for further guidance. A primary
objective during the transition from facility operations through to SE or
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immediate dismantling is to focus on actions that cost effectively support this
process. Experience has shown that a number of general tasks are appropriate
during the transition period. These address non-radiological hazards, radiation
fields, contamination, waste, isolation and containment, monitoring and
control, refurbishment and installation, as well as documenting and labelling of
components.
Most, if not all of these apply to facilities that are currently operating, as
well as to facilities that have ceased operations and are essentially locked and/
or abandoned. The challenge is to identify those transition actions that are
appropriate to a particular nuclear facility prior to implementing the decommissioning strategy.

6. ISSUES HINDERING TIMELY DECOMMISSIONING
Experience has shown that the start of a number of past decommissioning
projects suffered undue delays and other hindrances resulting in insufficient
progress and extra costs. Factors contributing to such delays include:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

The unavailability of funds when needed;
Sudden, unplanned, permanent shutdown of a plant (e.g. for political,
regulatory or economic reasons);
Lack of a decommissioning strategy or the inability to decide on one,
resulting in a ‘no action’ situation;
Lack of infrastructure (such as waste storage facilities or disposal sites) or
developed techniques;
Lack of regulations covering decommissioning;
Loss or demotivation of key personnel and an inability of personnel to
adapt to cultural changes;
Little or no planning for decommissioning during plant operation.
The following examples highlight a few critical areas in detail.

(1)
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A typical issue in the decommissioning of nuclear facilities is the insufficient or non-existent provision of decommissioning funds during plant
operation. Except for small, low hazard facilities, e.g. small accelerators
or medical laboratories that can be readily dismantled using routine
means, a lack of funds severely impacts timeliness, cost effectiveness and
ultimately the safety of decommissioning. If nuclear facilities are owned

(2)

(3)

(4)

(5)

(6)

by the State or State bodies, ad hoc funds are sought from the State
budget, often conflicting with priorities in other national sectors. In
addition, allocating decommissioning funds in this way may be subject to
parliamentary scrutiny and media debate, leading to a perception of low
priority and ultimately to undue delays.
Another issue can be uncertainty in the timing and the reasons for
permanent shutdown and decommissioning. A long period with no firm
decisions on a permanent shutdown and decommissioning strategy could
frustrate plant staff and may result in the loss of qualified staff and
collective memory. Difficulties in making prompt, clear decisions are
often due to intensive lobbying against permanent shutdown for reasons
such as expected loss of salaries, fear of staff relocation, or cessation of
research, radioisotope production and other programmes. A scarcity of
funds to operate the facility or the lack of productive goals (e.g. for
research reactors) can also lead to uncertainty.
A related issue is ‘taking no action’ following the decision to permanently
shut down a nuclear facility. Unfortunately, this is common practice,
especially for many small facilities that can, by their nature, safely remain
in a shut down condition for extended periods. No action is often the
result of an incorrect perception that the risks associated with the shut
down facility are trivial and can be disregarded. Eventually, this may end
with plant abandonment. A policy of doing nothing is generally not
acceptable to regulatory bodies and is not recommended by the IAEA.
A fourth relevant issue is the lack of development or availability of
decommissioning techniques and waste and material management
technologies. In several countries, decommissioning tends to be a ‘first of
a kind’ project with little or no planning or availability of resources. In
some countries the importation of techniques and other resources has
proved beneficial, but this requires that recipients know how to
incorporate these into their decommissioning strategy.
A fifth issue related to a lack of resources and infrastructures is that of
decommissioning regulations. In some countries, these are either nonexistent or are derived from regulations originally developed for the
construction or operation of nuclear installations. Inadequate regulations
often result in a convoluted approach, unclear responsibilities and
ultimately in undue delays, e.g. regulations for the clearance of sites or
materials may not exist or may be inappropriate.
A sixth issue is often the uncertain allocation of roles and responsibilities,
as it is well known that decommissioning requires a cultural change. For
example, research staff may have difficulties in adjusting to an industrial
demolition project. The transition to decommissioning inevitably requires
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organizational changes, new lines of reporting and communication, and
often the use of contractors. The operating staff who are familiar with
routine day-to-day management must now work with and/or manage
projects using substantial outside resources. A related problem is the lack
of qualified staff due to both the loss of facility staff and a general decline
in the nuclear sector.
Issues hindering the timely start of decommissioning were more common
at a time when most projects were unique and have become less common now
as increasing experience has been gained. An unduly delayed start results in
unnecessary expenses, e.g. due to the requirements of the operating licence to
maintain full staffing, and equipment maintenance requirements which might
otherwise be downgraded in a decommissioning scenario.
Early planning is needed to further minimize the effects of these issues.
This implies that high level decommissioning plans are available well before the
plant’s permanent shutdown. This then leaves sufficient time for the operating
organization to optimize the detailed decommissioning plans.

7. MAJOR CHANGES DURING
THE TRANSITION PERIOD
The period between the announcement of the shutdown of an NPP and
the start of decommissioning can present significant challenges to plant
management. They need to prepare for new technical and organizational
problems in a climate where there could be pressure to reduce costs and, specifically, the number of staff.
The move towards decommissioning can be regarded as a process of
major organizational change which will mostly take place during the transition
period. In some projects, attention has largely focused on the technical aspects
of decommissioning, with relatively little attention being given to organizational and other personnel issues, in particular an associated significant
reduction in numbers of staff. These changes need to be carried out in
accordance with rigorous and comprehensive change management arrangements. Table II includes major ‘cultural’ changes in moving from operation to
decommissioning.
Increased levels of uncertainty can threaten staff morale and
commitment, and the decision to shut down may itself be preceded by periods
of rumour and uncertainty. In an industry where job security has often been
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TABLE II. COMPARISON OF THE OPERATING AND
DECOMMISSIONING REGIMES [4]
Operations

Decommissioning

Reliance on permanent structures for
the operating life of the facility

Introduction of temporary structures to
assist dismantling

Safety management systems based on
an operating nuclear facility

Safety management systems based on
decommissioning tasks

Production oriented management
objectives (except perhaps in research
facilities)

Project completion oriented management
objectives

Routine training and refresher training

Retraining of staff for new activities and
skills or use of specialized contractors

Permanent employment with routine
objectives

Visible end of employment — refocus of
the staff’s work objectives

Established and developed operating
regulations

Change of regulatory focus

Predominant nuclear and radiological risk

Reduction of nuclear risk, changed nature
of radiological risk, significantly increased
industrial risk

Focus on functioning of systems

Focus on management of material and
radioactivity inventory (e.g. for waste
minimization)

Repetitive activities

One-off activities

Working environment well known

Working environment unknowns possible

Routine lines of communication

New lines of communication

Low radiation/contamination levels
relatively unimportant

Low radiation/contamination levels
important for material clearance

Access to high radiation/contamination
areas unlikely or for a short time

Access to high radiation/contamination
areas for extended periods

Routine amounts of material shipped
off-site

Larger amounts of materials shipped
off-site

Relatively stable isotopic composition

Isotopic composition changing with time
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taken for granted, this can be unsettling for plant personnel. The plant
management may also need to put an early plan in place to deal with the
potential social and economic impacts of a plant shutdown. The psychological
distress experienced by the workers during the decommissioning of a NPP is
described in Refs [13, 14]. References [15, 16] detail the social, economic and
environmental considerations in moving from operation to decommissioning at
the Trawsfynydd nuclear power plant in the United Kingdom. These references
also describe a public consultation process and the efforts made to ensure that
the local population was well informed and understood the issues involved.
During the transition, plant management may use contractors to make up
for any shortfalls resulting from the loss of experienced staff, and also to bring
in the specialized skills required throughout this period. However, it is vital
that the licensee retain enough suitably qualified and experienced personnel to
understand and work toward the plant’s safety, and to be an ‘intelligent
customer’ of these contractors. This is especially important during the
transition period if the numbers of permanent staff are declining.
Older plants may not have a comprehensive set of drawings and
procedures. Many historical aspects of plant design and operation which need
to be accessed during the transition period are known only to individuals and
are not recorded in documents. These people are therefore important during
the transition period when their knowledge and experience may be required.
This experience should ideally be documented in a form that is available for use
by other personnel. Reference [17] is a comprehensive study of the challenges
to culture, morale and skills during the transition from operation to
decommissioning.

8. ORGANIZATION AND PERSONNEL
The decommissioning of a large nuclear facility with the activities
involved in the transition is a major project. The best project management
practices, tools and techniques, as well as quality assurance processes, are vital.
The organizational aspects of the preparation for implementation of the
decommissioning strategy are dealt with in the following sections. Further
guidance can be found in Ref. [4].
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8.1. PREPARATION FOR THE TRANSITION PERIOD
It is important to establish a project team to plan for the transition and
decommissioning well in advance of the final planned shutdown. This team
does not need to be large or employed full time and could also be a unit
separate from the operating organization. Its technical and safety expertise
should include knowledge of system reconfiguration or retirement, spent fuel
and waste management, plant history, licensing and other decommissioning
aspects. Standard project expertise such as cost estimation, time and work
scheduling are also important.
This team may report to senior management but not be responsible for
the day-to-day operations of the plant. It will be responsible for updating the
decommissioning plan based on the agreed decommissioning strategy. Typical
objectives of the project team could include:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)
(k)
(l)

Project development (time, cost and quality),
Cost estimate verifications,
Project risk evaluation,
Plant system reconfiguration and retirement,
Spent fuel management options,
Waste management plans,
Preparation of safety documentation,
Interaction with stakeholders,
Staffing plans,
Specification of transition end points,
Management of records,
Implementation of the change management strategy.

Establishment of accurate decommissioning costs and risks provides
important information for allocating and managing the decommissioning fund.
The cost of a small project team could be considered as an investment to
achieve a better managed decommissioning project.
A senior transition/decommissioning project manager who has the
required skills, qualifications, experience and delegated authority should be
appointed before a planned shutdown. This manager, in consultation with the
management of the operating organization, sets up the decommissioning
project management team which will develop details of the transition and
decommissioning. This team will expand and contract as required during the
project.
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8.2. ORGANIZATION AND MANAGEMENT DURING
THE TRANSITION PERIOD
During the transition period many operational hazards are removed in
preparation for SE and/or immediate dismantling. This may include removal of
the spent fuel, draining of systems, post-operational cleanout (POCO)2 and
removal of waste generated during operation (see Section 11). The
management structure will at all times reflect the circumstances and continuing
responsibility of the licensee for the licensed site.
At the start of the transition period, the organization will inevitably be
that which ended the operational phase. Even in cases where a new operating
organization takes over for decommissioning, it is likely that most of the
operating staff will be retained and their roles will change to reflect the
activities during the transition period, as depicted in Fig. 1. It is essential that
the organizational changes and plant modifications be well defined prior to
shutdown. It is important that these changes address roles, responsibilities and
reporting lines. Figure 2 shows a typical functional3 organization as it might be
Owner/licensee

Site manager
• Management of change strategy

Plant
operations

Operational
services

Engineering
services

• Operation
• Maintenance
• Health physics
& chemistry
• Quality assurance

• Personnel
• Procurement
• Security
• Information
• Administration
• Quality Assurance

• Systems shutdown
• Plant reconfiguration
• New equipment
• Quality assurance

Transition/decommissioning
projects
• Implementation of
change management
• Planning
• Co-ordination
• Control
• Environmental impact
assessment
• Quality assurance

Transition/decommissioning
implementation

FIG. 2. Example of a functional organization during the transition period.

2

This terminology is in general use in the UK.
“Functional” means that it indicates types of activities, but not necessarily lines
of reporting.
3
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modified for transition and decommissioning projects and tasks. In addition to
the facility personnel, contractors will be assigned to some jobs, particularly
during dismantling. Figure 3 shows the staff reorganization during the
transition period at the Trino NPP in Italy.

8.3. THE IMPACT OF THE TRANSITION AND DECOMMISSIONING
ON HUMAN RESOURCES
There will inevitably be constraints on the approach to staffing during
decommissioning. In some facilities staff numbers are likely to be held close to
operating levels (e.g. in reactor plants until the fuel has been removed). In
other plants the change will depend on the need to stabilize or remove existing
hazards. The number of operating personnel needed will eventually fall as
shown in Fig. 4. Figure 4 (a) illustrates the general trend in staffing levels as the
facility is shut down, during the post-operation transition, when the facility is
placed in a condition of SE, and during final dismantling. The reduction in
operating staff as systems are retired and licensing conditions are reduced is
somewhat compensated for by additional staff being required for preparation
of the SE and final dismantling. Figure 4 (b) illustrates the trend for a facility
proceeding to dismantling soon after shutdown. In this situation, a significant
increase in staffing levels is needed for the decommissioning activities. A
number of basic points need to be addressed and decisions made concerning
the following [4]:
(a)
(b)
(c)
(d)
(e)

The required organization,
A staff reduction profile,
The use of operating staff to undertake decommissioning project tasks,
Sharing of key resources among plants,
Policies for choosing which work will be contracted.

The staff reduction profile will depend on the numbers, qualifications and
experience of the personnel needed for the actual work to be carried out.
Having established such a profile, commitments can then be made to staff
regarding the length of their remaining employment and the implementation of
staff reduction measures can be monitored. During the reorganization at Trino
(see Section 8.2), the main changes were:
(1)

The number of personnel in the operations department was reduced to
the minimum level on shift required by law when irradiated fuel is still in
the pool;
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Plant
superintendent
Quality
advisor
Operation
department manager

Maintenance
department manager

Assistant
manager

Assistant
manager

Supervisor *

Electrical
unit

Instrument
unit

Health physics
specialist
Reactor
Chemical and H.P.
department manager department manager

Mechanical
unit

Structural
unit

Environmental
unit

Assistant
manager

Assistant
manager

Chemical
unit

Health physics
unit

Assistant
supervisor*

H.P. monitors*

Reactor
operator*
Turbine
operator*

*

on shift
reduced or combined

Auxiliary
operator* (4)

no longer required

Reception
staff* (2)

Site manager

Quality
advisor

Operation
department
manager

Supervisor*

Health physics
specialist

Maintenance
department
manager

Electrical and
instrument unit

Mechanical and
structural unit

Chemical and H.P.
department
manager

Chemical and
environmental unit

Reactor
operator*
Auxiliary
operator*
Reception
staff*

Support staff
for
decommissioning
activities

Health physics
unit
H.P. monitors
(4)

*

on shift
established and increased
after CIPE resolution

FIG. 3. Organization of the Trino NPP (a) before and (b) after restructuring during the
transition period.

18

era

Dism
a

Op

ntlin

g

Number of staff

Fuel out
of plant

Shutdown

tion

preparation
Care and
maintenance
Time
Transition

Safe enclosure

Dismantling

Shutdown

tion
era

Op

Dism
antli

ng

Number of staff

Fuel out
of plant

n

io

rat

a
rep

P

Time
Transition

Dismantling
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transition to immediate dismantling (not to scale).
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(2)

(3)

(4)

The maintenance department and the chemistry and health physics
department were reorganized to create combined sections which
contributed to the production of decommissioning documents;
The health physics personnel were taken off shift and focused, during
normal hours, on pre-decommissioning activities such as radiological
characterization and waste treatment;
The professional staff in the technical area were focused on preparation
of the documents needed for decommissioning.

Retaining a large number of operating staff will inevitably mean that they
undertake decommissioning tasks. They will require retraining in new skills and
reorientation of their attitudes towards decommissioning, e.g. system isolation,
dismantling, draining and flushing, waste characterization, dismantling and size
reduction techniques, etc.
Early planning with regard to the timing of final shutdown and the
selected decommissioning strategy plays a major role in facilitating the
management of personnel relocation and the retention of key staff. However,
the use of outside contractors to perform the majority of the decommissioning
activities may lead to resentment and demotivation among the existing plant
staff.
In order to focus on the completion of tasks it is helpful if arrangements
are in place to warrant subsequent relocation of staff to other plants, projects or
similar organizations, or out-placement to other job markets. One way of
approaching this would be to form teams of skilled, experienced personnel who
could provide services to other similar plants as effectively as contractors [4].
It is important to provide appropriate incentives to the remaining staff
(and contractors) to work effectively and in a manner that safely maintains the
decommissioning programme’s schedule, quality and budget. These incentives
may differ from situation to situation and, while seeking to encourage a safe
adherence to the decommissioning programme, should encourage staff to strive
toward completion of the work and mitigate concerns about future
employment.

9. STRATEGIC ISSUES
This section describes selected strategic issues for which pre-shutdown
planning should be conducted so as to arrive at decisions on courses of action
upon shutdown. This includes overall planning for the transition and
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implementation of the decommissioning strategy, cost reduction, waste
management issues, and development of techniques and tools required for
decontamination and dismantling. An example of the activities required for a
specific transition to decommissioning project is given in Ref. [18], which
includes licensing, engineering, implementation, staffing levels and overall
organization.

9.1. OVERALL PLANNING FOR THE TRANSITION PERIOD
Section 8 recommends establishing a team that:
(a)
(b)

Updates the decommissioning documentation, including the decommissioning plan as required by IAEA Safety Guides [7–9];
Develops plans for the transition from operation through shutdown and
decommissioning. This is entirely consistent with the following
paragraphs extracted from Ref. [7], which calls for the decommissioning
plan to be a ‘living document’ throughout the plant’s life cycle:
“5.6. An initial plan for decommissioning should be prepared and
submitted by the operating organization in support of the licence
application for the construction of a new reactor. A generic study
showing the feasibility of decommissioning may suffice for this plan,
particularly in standardized installations. Depending on applicable
regulations, the plan should address the costs and the means of
financing the decommissioning work.
5.8. During the operation of a reactor, the decommissioning plan should
be reviewed, updated and made more comprehensive with respect
to technological developments in decommissioning, incidents that
may have occurred, including abnormal events, amendments in
regulations and government policy, and, where applicable, cost
estimates and financial provisions. The decommissioning plan
should evolve with respect to safety considerations, based on
operational experience and on information reflecting improved
technology. All significant systems and structural changes during
plant operation should be reflected in the process of ongoing
planning for decommissioning.
5.9. When the timing of the final shutdown of a nuclear reactor is
known, the operating organization should initiate detailed studies
and finalize proposals for decommissioning. Following this, the
operating organization should submit an application containing the
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final decommissioning plan for review and approval by the
regulatory body. The decommissioning plan may require
amendments or further refinements as decommissioning proceeds,
and may require further regulatory approval.”
The activities carried out during the transition period have two main
objectives:
(1)

(2)

The efficient operational conversion of the facility from its original
mission to one in which operations, surveillance and maintenance are
reduced, consistent with the lower safety risk, the systematic reduction in
hazard and the need to cost effectively prepare for either SE or
immediate dismantling.
The preparation of a detailed decommissioning plan, which requires the
most current information available regarding the condition of systems,
structures, components and materials. For example, a full radiological
characterization is required to provide data for updating the decommissioning plan and the waste management strategy (Sections 10.1 and 11.5).

Such activities are normally initiated well before shutdown, including
selection of a decommissioning strategy which might, however, be finalized
only after shutdown. Regardless of how far the decommissioning strategy has
advanced, transition activities serve to achieve a safer and more economical
configuration, e.g. by reducing the inventory of radiological material, dealing
with spent fuel, removing hazardous chemicals, focusing surveillance and
maintenance on plant features needed to control contamination and other
hazards.

9.2. COST REDUCTION BY RETIREMENT OF SYSTEMS
OR RECONFIGURATION
During the transition period, activities are planned and carried out which
lead to simplified operation, reduced surveillance and maintenance requirements and lower operating costs. This can be achieved by identifying those
plant systems which will become redundant after final shutdown. Further
consideration should be given to systems that are needed after shutdown but
which are costly to operate and maintain, e.g. the capacity of the ventilation
system needed to control contamination in shut down facilities can be greatly
reduced. Cost reductions will also take place as a result of changes to technical
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specifications as the licence is amended. Implementation aspects are addressed
in detail in Section 11.6.
Cost savings can be achieved from reductions in:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

Labour,
Power and fuel consumption,
Consumables,
Surveillance and maintenance,
Regulatory and technical requirements including inspections,
Training,
Recycling of material and components,
Nuclear insurance.

Figure 5 shows the trend in power consumption for the Trino NPP in Italy.
Once NPPs are shut down, nuclear materials continue to be kept under strict
supervision and only the movement of fuel elements off-site is foreseen.
Security costs and nuclear liability insurance can be reduced when NPPs are
shut down and fuel elements are moved off-site.
Similarly, systematic hazard reduction in other types of nuclear facility
may lead to a reduction in liability [19]. However, insurance liabilities for
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FIG. 5. The electricity consumption trend for the Trino NPP after shutdown (DHR:
decay heat removal; CCW: component cooling water; RCS: reactor control system).
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conventional industrial risks may increase due to extensive dismantling of the
inactive plant and a greater potential for environmental contamination from
hazardous materials, e.g. asbestos, oil, PCBs.

9.3. DEVELOPMENT OF TECHNIQUES AND TOOLS
Decontamination and dismantling techniques and tools for nuclear
facilities are widely available, as has been demonstrated by the successful
completion of a large number of decommissioning projects. Most decommissioning tasks, especially concerning reactors, can be accomplished using
existing techniques for which expertise is already available. However, there
may be tasks that will require the development of new techniques or the
adaptation of existing techniques, in particular for the decommissioning of
facilities with special design features, experimental and prototype facilities or
those with an unusual operating history (e.g. after incidents, extensive reconstruction, etc.).
While planning for decommissioning and, in particular, the transition
period, it is important to identify whether all the planned tasks can be
completed using existing techniques and tools, or if the development of new or
the adaptation of existing methods and techniques is needed. It is desirable that
this development or adaptation be started during the transition period (in
laboratory, mock-up, pilot or full scale) in order to have the decontamination
and dismantling techniques available when work commences. The development activities will depend on the chosen decommissioning strategy and
selection of the best methods for decontamination, size reduction, dismantling,
demolition, waste packaging, etc. On the basis of test results and demonstrations, decommissioning plans can be optimized and finalized. One example of
extensive full scale mock-up training for dismantling purposes is described in
Ref. [20]. Another example (Fig. 6) shows the mock-up test of the manipulator
(called DENAR) in preparation for remote decontamination at the A-1
reactor decommissioning project in Bohuniče, Slovakia.
A related topic is sampling, characterization and location of contaminated materials and areas where decontamination is required in support of
decommissioning. It may also be necessary to test decontamination techniques
on selected areas of the plant and its components. Similarly it may be possible
to measure activated samples from a reactor to validate computer estimates
with actual measurements in order to optimize size reduction, waste shipping
and disposal. The transition period provides the opportunity for any additional
sample collection and plant characterization (see Sections 10.1 and 11.5).
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9.4. WASTE MANAGEMENT
Activities during the transition period have the potential to increase both
the volume and the variety of wastes generated. Planning should ensure that
there is sufficient capacity for the treatment of these wastes, their storage or
transport and disposal. The issues that may need to be considered include:
(a)
(b)

(c)
(d)
(e)

The wastes that will arise during the transition period;
Wastes held in interim storage at the facility which need to be recovered
for treatment, conditioning and disposal (e.g. sludges, ion exchange resins,
spent radiation sources, scrap components);
Long term storage requirements;
Wastes from decontamination and cleanup operations (e.g. additional
resins from chemical decontamination, demolition wastes, etc.);
Availability of disposal routes, including transportation;

FIG. 6. Mock-up test of the manipulator at the A-1 reactor decommissioning project in
Bohuniče, Slovakia.
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(f)
(g)
(h)
(i)
(j)
(k)

Materials and equipment left over from experimental and research
programmes;
Waste retrieval and conditioning methods;
Waste characterization programmes and techniques;
Waste minimization programmes and techniques;
Clearance levels;
Regulatory authorizations.

As an example, Fig. 7 shows a drum monitoring station for clearance
purposes installed for the A-1 reactor decommissioning project in Slovakia.
In addition to radioactive wastes, it is possible that significant amounts of
hazardous material and unwanted chemicals will also require packaging and
disposal. It would benefit the planning and implementation of the transition
and decommissioning activities if, during the operational period, as much waste
as possible were removed from the facility for disposal. Spent fuel management
is dealt with in detail in Section 11.1.

FIG. 7. Drum monitoring at the A-1 reactor, Slovakia.
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10. MANAGEMENT/ADMINISTRATIVE ISSUES
This section highlights selected management and administrative issues
that need to be considered during the transition period such as an inventory of
hazardous material (including the radiological inventory), the purchasing and
spares policy (with a focus on cost reduction), record keeping and interaction
with all relevant stakeholders in the decommissioning process. These tasks may
take on a high priority when the transition period is being planned.

10.1. TAKING A COMPREHENSIVE INVENTORY OF RADIOACTIVE
AND HAZARDOUS MATERIALS
The objective of the characterization of radiologically and chemically
hazardous materials is to provide a reliable database on the quantity, types,
distribution, and physical and chemical states of these materials. This should
include contaminated land. Characterization includes reviewing existing data
and calculations, taking in situ measurements, sampling, analysis and
undertaking of further calculations as needed. This provides a significant input
to the decommissioning planning process and the development of successful
implementation plans. Information should be updated on a regular basis to
account for waste disposal, material removal, radioactive decay, etc. It is crucial
that the database remain available during SE and dismantling (see
Section 10.3). This information will aid decisions for partial or full decontamination, provision of shielding, partial removal of equipment, waste classification, etc. Further information can be found in Ref. [21].

10.2. REVIEW OF PURCHASING POLICY AND SPARES
Expenditures can be greatly reduced if the purchasing and spare parts
policy is carefully reassessed. Many purchasing contracts for components,
consumables and services are subject to high quality standards related to the
requirements of operating plants in the nuclear industry. Also, retirement of
systems leads to a reduction in the need for spare parts.
Purchasing contracts can be re-evaluated for their applicability and justification in the forthcoming decommissioning phase. Many components and
consumables do not necessarily have to meet the same quality standards as
required during the operational life of the plant. On the other hand
components already in stock and meeting these standards could be used in
other plants and sold as such. It should be emphasised, however, that to

27

demonstrate that these components meet the standards, the full documentation
must be in place and the component must be in demonstrably good condition,
e.g. kept under suitable storage conditions. The potential also exists for reuse of
refurbished components if required quality standards can be achieved. The
policy on stocking of components and consumables should be reviewed as well.
Component stock size requirements can be reduced in many cases (e.g. where
short delivery times are no longer required) and completely lifted in others.
Unused fuel assemblies in NPPs will also be removed from the plant
during the transition period. In a few cases this fuel can be sold to be used in
other (equivalent) plants, but in many cases the fuel design will be plant specific
and therefore of no use to other power plants. In some countries it is possible to
return the fuel to the manufacturer where it can be reprocessed. Similar considerations apply to uncontaminated chemicals, oil, etc. Another example is the
selling of spare control rods after dismantling (see Annex I–6).

10.3. RECORDS TO SUPPORT DECOMMISSIONING
Prior to shutdown and during the transition period, collection of
information and records that will be needed to support decommissioning plays
an important role. Several challenges related to record related decisions are
briefly described here.
(a)

(b)
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When to assemble the collection of records and the database: The late
creation of a full set of essential decommissioning records may cause difficulties due to reduced availability of time, resources and personnel. As a
minimum, it is important that which records will be needed and their
location be identified prior to shutdown. This should be supported by a
suitable records management system.
Future retrievability: Record keeping in a deferred dismantling scenario
poses long term issues with respect to both degradation and retrievability.
In this case, reliance will be completely dependent on records assembled
several decades earlier. In particular, any records stored in electronic
formats and media need to take into account future changes to systems.
Paper or film records are subject to ageing. Record storage systems will
have to meet national requirements.
(1) How will they be maintained: Questions that need to be addressed
include:
(i) Which organization will be responsible for keeping records?
(ii) Will there be both central and local copies?

(c)

(iii) Who will have access before they are needed for decommissioning?
(iv) What type of database will be used?
(v) What are the quality assurance requirements?
(2) Which records are to be retained: Selection criteria will depend on
future needs. A key factor is whether the decommissioning strategy is
to be immediate or deferred dismantling. Immediate dismantling is
less problematic because the location of much of the information
needed will be known and readily available. Selection criteria are
based on:
(i) Technical and safety support (radiological and industrial) for
decommissioning activities,
(ii) Technical and safety support for surveillance and maintenance
during SE,
(iii) Compliance requirements for statutory and regulatory instruments, including dose and health records,
(iv) Historic or social interest,
(v) Defence against litigation.
Types of record: Application of the above criteria may still require further
focus on specific needs, such as inaccessible areas. Certain areas may not
have been accessible during normal operations, but workers may need to
access these during decommissioning operations. Knowledge of the
radiological conditions in these areas, e.g. around the reactor or within
the biological shield, will help to minimize occupational exposure during
decommissioning. It is also important that the full spectrum of the
material characterization and information on the structural condition at
shutdown and the end of the transition period are known and recorded.
Most of the currently available characterization techniques are suitable
for direct electronic recording (Figs 8, 9).

Detailed information on how to develop and maintain a set of records for
decommissioning purposes is provided in Ref. [11].

10.4. INTERACTION WITH STAKEHOLDERS
The licensee and the project team can best perform their duties by early
interaction with those stakeholders4 who have an involvement or interest in the

4

A stakeholder is a person or group who can affect or is affected by an action.
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FIG. 8. ALADIN, France: a gamma camera to identify hot spots (red in the photo).

FIG. 9. Mobile automated characterization system (MACS) (CP-5 decommissioning
project, Argonne National Laboratory, USA): graphic result of floor survey; yellow and
red areas indicate contamination (Argonne National Laboratory).
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transition and decommissioning process. Such interactions may occur at all
levels within the licensee’s organization. Stakeholders typically include:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)
(k)

Regulatory authorities: Nuclear safety, transportation, environmental
and radiation protection;
Local, regional and national governments;
The general public: individuals, communities, pressure groups and media;
Employees;
Shareholders;
Labour unions;
Contractors;
Waste management organizations;
The nuclear industry;
National standards groups and professional societies;
International organizations.

The degree of influence of and the priority given to these stakeholders
will depend on the individual facilities and local circumstances. Stakeholders
provide technical, social, economic, environmental, regulatory and legislative
input into the process. Their involvement can provide a valuable review
function and constructive input to the project team. It is important that these
interactions be initiated as early as possible and developed through the
transition period. Examples of activities that may be appropriate include:
(1)
(2)
(3)
(4)
(5)
(6)

Regular meetings with labour unions/employee representatives,
Production of project summary literature for public distribution,
Presentations to the stakeholders,
Public meetings/consultations,
Media interviews and press conferences,
Presentation of papers at local and international conferences.

It is necessary to be aware of issues such as local sensitivities, security
arrangements, possible reuse of the site, the potential for official public
inquiries and the need to meet all regulatory requirements. The importance
attached to different issues varies significantly with the cultural values and
background of individual countries and decision making groups. It is also
affected by the social and economic status of the country, groups and
individuals, educational levels, demographics, individual and group life
experience, etc. These can all affect the relative acceptability of various
proposals.

31

In some countries, organizations engaged in decommissioning have
endeavoured to reach a consensus among the various interested parties by
providing information concerning the contaminated sites, the associated
hazards and the proposed methods of dealing with those hazards. This
information may be enhanced by general education on radiation and contamination so that the decisions can be more readily understood. This is particularly
relevant during the transition period when decommissioning issues come to the
attention of the public. Experience suggests that the quality and particularly
the acceptability of the subsequent decisions are improved by this process [22].
Public acceptance of major changes can be important for their successful
implementation. This process can be assisted by public input while strategic
options are being considered, as well as by public consultation, depending on
the country’s legal system. Strategic options that are likely to lead to public
acceptance are sometimes preferred as they also build up public trust and
confidence.
There may also be concern about the impact on local employment. If the
site is in operation when the closure decision is made there will usually be
issues related to changes to the local employment base. These changes could be
caused by a changing mission (i.e. from operation to decommissioning) and the
potential future release of the site/facility for new purposes. Resolution of this
issue is dependent on local customs and conditions. A case where extensive
public consultation resulted in modification of the decommissioning strategy is
comprehensively discussed in Ref. [16].

10.5. TRAINING TO SUPPORT THE TRANSITION
The extent of training of personnel to support the transition will depend
upon the activities undertaken. If no dismantling or new activities (e.g. POCO)
are to be undertaken, training will be specific to the changing conditions of the
facility and the differences between normal operations and permanent
shutdown. However, training may be required for the dismantling of a nonactive plant and the introduction of novel techniques for dealing with wastes.
Dismantling of non-active plants can be used to train personnel for the future
dismantling of active plants. Training material for personnel assigned to a
specific facility should be based on the following considerations:
(a)
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Facilities currently in operation that are going to be held in a shut down
condition: much of the knowledge that was required for past outages,
maintenance, refuelling, modernization and modification will be needed;

(b)

(c)

Facilities which are to be shut down in preparation for SE or dismantling
may require the development of skills in such areas as preliminary plant
cleanout, waste conditioning and dismantling activities;
Facilities that have been out of operation for an extended period and that
require inspection to determine whether additional preparatory work is
needed prior to decommissioning: training in this situation will require
gaining familiarization with the extant conditions.
Some training subject areas for the transition are:

(1)

(2)

(3)

(4)

(5)

Management: Emphasize project as opposed to production/operational
management principles. This will involve training in technical, cost and
schedule preparations. Training should ensure that management
personnel are familiar with the concepts of:
(i) Determining the criteria and conditions governing staff reductions,
(ii) Amending the safety assessment,
(iii) Cost estimation and budgeting,
(iv) Complementing the operating organization, e.g. by use of contractors,
(v) Change management, e.g. arrangements to deal with staff reductions,
etc.
Safety analysis: Training should focus on safety issues for a facility that is
no longer in operation. It should also address how the safety conditions
could be changed and how the requirements for technical specifications,
surveillance and maintenance could be reduced.
Plant engineering: Training of personnel responsible for operation of
systems and equipment should focus on:
(i) Shutdown and isolation of systems,
(ii) Determination of the required level of surveillance and maintenance
as a result of changes in the safety case. The latter should emphasize
both cessation of activities or reduction in their frequency, recording
any system changes and tagging and identifying systems.
Inspection of orphaned facilities: Where facilities have either been
abandoned or shut down for an extended period of time, the training of
inspectors should highlight structural assessment (building and plant),
roof integrity evaluation and identification of radioactive, chemical,
electrical, and other physical hazards.
Cost estimation: As reflected in the appendix, many of the cost line items
for transition are not normally considered during operation. Those
responsible for budgeting should become aware of the differences as well
as models used for estimating such costs.
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(6)
(7)

Waste management: New waste characterization, waste retrieval and
conditioning techniques may be developed, for which training is required.
Technical and manual work: Training should emphasize implementation
of many of the above subjects (for example permanently isolating
systems, changes in surveillance and maintenance, new techniques).

11. IMPLEMENTATION ISSUES
This section deals with actual operations that are normally carried out
during the transition period. These include spent fuel removal, draining and
drying of circuits and systems, preservation of equipment, waste removal, waste
management, removal of components and system management (e.g. reduction
or modification of ventilation systems). The removal of combustible materials,
radioactive materials and hazardous chemicals will reduce the potential source
term for any potential accident and reduce the hazards. It is important to
ensure that the above activities are carried out using trained personnel, with
appropriate approved procedures and all engineered safety features in place.

11.1. REMOVAL OF SPENT FUEL
Experience has shown that the removal of spent fuel is a very important
step in the decommissioning of reactors. The preferred solution is the early
removal of the spent fuel to a storage facility, to a reprocessing plant or to a
disposal facility. Benefits of early defuelling include decreased radiological
hazards, timely implementation of dismantling, downgrading of the operating
licence, shutdown of some systems (e.g. cooling water, surveillance), and
reduced safeguards requirements. In addition, as long as fuel remains in the
fuel storage pools, continuous manning of the unit with shift workers may be
required, albeit with a reduced number. If consideration is given to adopting
shorter refuelling cycles towards the end of the plant’s life, the period required
for cooling the fuel in the fuel storage pool is reduced. Thus the pool can be
emptied earlier than would otherwise be the case, reducing costs.
As long as all infrastructure and provisions are in place, defuelling can be
done as during plant operation. However, if removal of the fuel is delayed for
a very long time, loss of qualified staff and necessary equipment could become
a problem. In some research and prototype reactors, defuelling is not a routine
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operation and requires special planning during the transition period. For
example, depending on the reactor type:
(a)
(b)
(c)

No fuel storage pond may be available,
Lifting equipment may not be capable of carrying fuel transport
containers,
Space may not be available for loading fuel elements into transport
containers.

Developments worldwide have resulted in a situation where removal of
spent fuel to off-site facilities may become a serious problem. For example,
many NPPs and research reactors have been provided with fuel by a supplier
from another country. Reactor operating organizations may have planned to
return the spent fuel to the supplier which, however, in many cases will have
become impracticable. As this situation was unforeseen, only a few of these
reactor operating organizations have their own off-site spent fuel storage
facilities. In other cases, plans for a national fuel disposal facility have been
seriously delayed [23, 24].
Therefore it is important for transition planning to consider what is to be
done with the spent fuel. It may be necessary to consider constructing a spent
fuel storage facility if no other alternative exists. This may have to be
considered on a local, national or regional level. Currently, some Member
States consider the use of a spent fuel storage installation that is remote from
the reactor and which uses dry or wet storage technology (e.g. casks, modules
and vaults) to be a successful method of storing spent fuel after sufficient time
has elapsed for decay heat reduction (Fig. 10).
In addition to the removal of nuclear fuel it is very desirable to eliminate
the possibility of criticality during the transition period. If the spent fuel and
other nuclear materials cannot be moved outside the nuclear installation,
decommissioning cannot be fully completed.

11.2. SYSTEM CLEANOUT OPERATION
It is essential that process and auxiliary fluids from redundant systems be
removed and disposed of while personnel are available who are trained and
qualified to operate that equipment. After removal, the systems should be
flushed until residual contamination is below predetermined criteria and dried
as appropriate. The criteria should be based on (a) regulations, (b) an
assessment with respect to future decommissioning worker safety, or
(c) limiting degradation (e.g. caused by corrosion) while in SE.
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An example (SGHWR, UK) of draining and flushing auxiliary systems
connected to the primary circuit followed by treatment of the resulting liquid
waste by the installed waste treatment systems is given in Ref. [25].
Experienced personnel are also needed to deal with radioactively or
chemically contaminated solids. This is particularly important when the
handling equipment is immediately available. Important examples are
materials remaining in hot cells that have working manipulators, materials in
storage that require such hot cells for handling, items that are in ponds for
shielding reasons, and alpha emitting items that require glovebox handling.
Again, it is important that the knowledge of current plant workers (with regard
to operating the equipment and/or being familiar with the characteristics of the
material) be used to the maximum. It is also important that such operations are
not unduly postponed even when handling equipment is not immediately
available or not working. In such cases, devising alternate removal means
during the transition period is a priority.
Organic fluids or hazardous chemicals used during operation, e.g.
lubricants, hydraulic oil, acids, etc. are removed and disposed of during the

FIG. 10. CANSTORTM concrete module for interim dry storage of CANDU type spent
fuel, Gentilly-2 NPP, Canada.
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transition period. Radioactively contaminated organic and flammable fluids, as
well as non-radioactive hazardous fluids (e.g. PCB transformer oil) or solids
(e.g. asbestos) will require special disposal procedures.

11.3. TREATMENT, CONDITIONING, STORAGE AND/OR DISPOSAL
OF WASTE DURING THE TRANSITION PERIOD
Most wastes generated during the transition period are similar in nature
to those produced during plant operation and maintenance [26]. At the end of
the operational life of a facility, effort is generally directed at the removal or
reduction of any hazard in all areas of the plant to provide a ‘passive’ safe
environment during SE. The amount of work to be undertaken will depend on
the operations that were carried out within the facility and the nature of the
hazardous inventory associated with the process, that is radiological, toxic or
non-hazardous.
Such removal or reduction is important for the transition period although
historically this has frequently been delayed until the start of dismantling.
However, it should be emphasized that if POCO is deferred until the
dismantling phase the associated risks remain and are transferred to the future.
Methods for assessing the overall requirements for cleanout, both in terms of
the need for and extent of such operations, are given in Ref. [27]. Ultimately, if
significant costs or personnel exposure are involved, the decision making
process will be based on the overall net benefit.
At final plant shutdown, all waste remaining from past activities is
commonly removed from the plant for treatment, conditioning, packaging and
storage or disposal. As an example, Fig. 11 shows the installation of a
cementation plant for liquid waste in preparation for the decommissioning of
the Salaspils Research Reactor, Latvia. Waste management includes not only
process fluids (Section 11.2) and sludges but also solid waste (e.g. trash,
insulation, loose tools) from controlled areas. The latter can comprise a
significant number of items, e.g. in research facilities experimental equipment
has often remained in the building years after its use (Fig. 12). Special attention
should be paid to long neglected areas.

11.4. DECONTAMINATION OR FIXING OF CONTAMINATION
Decontamination after the end of operation will help to reduce occupational exposure during future decommissioning activities. Decontamination
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FIG. 11. Installation of the cementation plant in preparation for decommissioning of the
Salaspils IRT reactor, Latvia.

FIG. 12. The reactor block and experimental test apparatus of the IRT reactor, Georgia.
At the end of operation, a research reactor’s hall is typically full of experimental devices
which are removed in preparation for decommissioning.
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may be necessary in the circuits, tanks and containers to remove the activity
from inner surfaces, as well as on the surfaces of components and buildings to
reduce the potential for airborne contamination. Fixing activity on accessible
surfaces may be a viable alternative to its removal. However, implications for
eventual dismantling and handling of such material require special consideration and specific recording.
11.4.1. Deciding on the need for and the extent of decontamination
In general, decontamination that is carried out during the transition
period is primarily aimed at dose reduction and is not intended for material
clearance. Aggressive decontamination methods can often be applied where
the systems are no longer needed for operation.
The decision whether to decontaminate a nuclear facility (or parts of it)
will in general depend on the type of plant, the radionuclide vector/inventory
and other constraints such as:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)

The decommissioning strategy selected;
The time available;
The availability of funds;
Individual and collective doses to workers;
Liquid and airborne discharges and their radiological impact on the
general public and the environment;
Industrial safety requirements;
Available waste management and disposal options;
Workforce availability, including contractors;
Reuse of the buildings for other purposes.

Within established constraints, the optimal decision will in general be
based on a multiattribute analysis or an extended cost–benefit analysis [28, 29].
The extensiveness of the decontamination will depend on the decommissioning strategy selected. In a delayed dismantling scenario, natural decay will
reduce radiation and contamination levels in plant systems and components as
well as on surfaces and may render some decontamination superfluous. When
the need remains after a long SE time, the effect of physicochemical
mechanisms during SE may make decontamination less effective, e.g. due to
corrosion layers on metals and deeper migration into concrete surfaces.
If SE is planned, decontamination will be considered primarily for the
areas that will be accessed during the transition period. An alternative in some
cases may be to fix contamination in place to reduce airborne resuspension and
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facilitate access. However, it is important that surface coatings do not overly
complicate future decontamination and measurement.
11.4.2. System decontamination
System decontamination may be performed on radioactive systems in
order to reduce the general activity level within the systems in preparation for
work during the transition period. System decontamination should be carried
out while qualified personnel with knowledge of the relevant systems are still
available.
Various decontamination methods are possible and it is important that
the method and decontamination chemicals be chosen with a view towards
available waste treatment installations and minimization of secondary waste.
For example, a solution with a suitable composition and temperature for
dissolution of the activity containing oxide layer on the surfaces of a system can
be circulated in the system to transport the dissolved activity to a filter or ion
exchange resin which is subsequently disposed of. After decontamination has
been completed, the systems are flushed and dried.
Experience with system decontamination has been favourable for both
typical BWR and PWR oxides [30]. In addition, more efficient methods with
easier to handle final products are constantly being developed.

11.5. CHARACTERIZATION AND INVENTORY OF RADIOACTIVE
AND HAZARDOUS MATERIALS
The characterization and establishment of an inventory of radioactive
and hazardous materials within the facility involves surveys of existing data,
calculations, in situ measurements and/or sampling and analysis. A database
can then be established which will provide significant input into the decommissioning planning process and the development of successful implementation
plans. With this database, management may assess and decide on various
options and their consequences such as:
(a)

(b)
(c)
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Operating techniques: decontamination processes, dismantling procedures (hands-on, semi-remote or fully remote) and the required
equipment;
Radiological and industrial protection of the workers, the public and the
environment;
Waste management, waste classification and disposal options;

(d)
(e)

Discharge authorization;
Cost profiles.

At the beginning of the transition period, sufficient information should be
collected to assess the radiological status of the facility and the nature and
extent of any other hazardous materials present. Data collected during this
initial characterization period would generally be based on information
available at the time of final shutdown, including historical operating records.
A survey of the extent of contaminated land should be made early in the
transition period.
As work progresses during the transition period, the objectives of characterization move towards developing more detailed data concerning the
physical, chemical and radiological conditions of the facility, including contaminated land. This will include activation calculations, taking and analyzing of
samples, as well as in situ measurements of dose rates (Figs 8, 9) and contamination to fill the gaps in the available information.
Information gathered during these phases serves as the technical basis for
work and project decisions, including cost estimates, exposure estimates, risk
evaluation, waste management, scheduling and workforce requirements,
particularly with respect to radiological exposures. Since characterization
requires time, money and dose commitment, it should be optimized to meet the
above objectives. Further guidance can be found in Ref. [21]. As this
information should be updated on a regular basis, it is important that the
database remain active during the entire decommissioning period.

11.6. CONSIDERATION OF SYSTEMS
Decisions on which systems must remain functional should be made
during the planning of the transition and are based on:
(a)
(b)
(c)
(d)

An evaluation to ensure that safety requirements will continue to be met,
Support of human entry or occupancy for surveillance and maintenance,
Possible use during future phases of decommissioning (see Section 9.2.),
Restrictions posed by the current operating licence.
Some considerations may require cost–benefit analysis of:

(1)
(2)
(3)

Energy consumption, surveillance and maintenance requirements;
Replacement of complex systems with simpler ones;
The possible need to achieve a safer state;
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(4)
(5)
(6)

A diminished need for redundancy;
Operational and structural reliability over the anticipated duration of
transition and SE;
Demolition of buildings that contain systems or components which must
be moved elsewhere.

During planning of the transition period, decisions regarding systems and
major equipment within a facility may need to consider the following options:
(i)

Operable as is: Systems that must remain operable and do not require
modification (for example, lighting where surveillance and maintenance
is to be done).
(ii) Modified: Some systems will need to remain operable but, as a result of
the above assessments, modifications are required. For example, building
ventilation is needed to maintain control of remaining contaminated
areas but its design capacity is excessive, or redundancy of systems and
components is no longer required because the consequences of
temporary failure are acceptable until repairs can be made.
(iii) Preserved for future use: A limited number of systems and equipment
may be preserved for the future. For example, installed manipulators and
cranes can be of use during dismantling, or radioactive waste treatment
systems may be valuable for processing decontamination solutions.
Decisions of this type will depend on the length of time until such use is
expected as some ageing will occur even in systems that are not in
operation. Future refurbishment may be needed to bring these preserved
systems and equipment to satisfactory levels of operability.
(iv) New: In some cases system functions will be needed, but use of the
installed system may not be feasible because it may be overly complex, be
over capacity, have high levels of contamination, or entail difficulty of
access for operation or maintenance. In such cases, total replacement with
new systems and/or equipment is the prudent course of action. Installation of a new ventilation system is a typical example [31]. Others
include replacement of instrumentation because of obsolescence or the
need for monitoring from a different or a remote location, and the installation of limited lighting for infrequent inspections where isolation of
other unused circuits is not practical. A third example is a new electrical
distribution system to repower that equipment necessary to support the
decommissioning work. The design and installation of such a system in
preparation for the decommissioning of the Big Rock NPP in the USA is
described in Ref. [32].
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(v)

Retired: In many cases, a large number of systems will no longer be
needed. In such situations, they are generally left in place and suitably
isolated using standard safety practices, especially where there is internal
radiological or hazardous chemical contamination or, in the case of
electrical systems, the potential for short circuits or high voltage shocks.
In some cases, complete removal of a system may be chosen, for example
when the assets can be used at other facilities, or systems such as installed
ventilation may be isolated where it is beneficial to use temporary or
portable equipment when needed.

Once the decisions on systems have been made, the end point specifications and requirements for system surveillance and maintenance during the
transition period and SE can be determined.

11.7. PREPARATION OF A FACILITY’S ROOMS AND BUILDINGS
DURING TRANSITION
During the transition period, access to rooms and buildings in a facility
needs to be defined in at least three ways: routine access, no access and
completely isolated.
(a)

(b)
(c)

Routine access: Human access for surveillance and/or maintenance can
be as frequent as daily or as infrequent as, say, every three months.
Industrial safety standards can be provided by either temporary, portable
or permanent means. Ventilation, lighting and other safety measures are
made available, although they are not necessarily in operation when the
area is unoccupied. Walkthrough routes for periodic surveillance of
unoccupied buildings are reviewed for industrial hazards and appropriate
protection put in place (e.g. guardrails, warning signs, selected electrical
isolators). Contamination and radiation zones will be tightly controlled
and delineated to prevent the migration of contamination. Services
normally found in continuously occupied facilities (e.g. toilets, drinking
water) need not be provided.
No access anticipated: Access will not be required, or if so the need will
be so infrequent that special entry procedures can be established.
Isolated: Entry will not be required until demolition begins.

Decisions as to the type of access needed to specific rooms and buildings
are closely tied to an evaluation of the surveillance and maintenance requirements. When the surveillance and maintenance routines are determined and
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the access requirements are decided on, the results will be important inputs to
creating the transition end point specifications. This process may include
significant modifications to building access and other infrastructure in preparation for decommissioning. A detailed example is given in Ref. [33].

11.8. PROTECTION FROM EXTERNAL OR INTERNAL EVENTS
A number of external or internal events may affect a facility. For
example, a fire prevention strategy is intended to eliminate fire hazards to the
greatest possible extent. Some likely problem areas may include oils and grease
in systems and components which, although emptied and flushed, may still
contain residual material. Maintenance of good housekeeping standards and
emergency access routes are key features in the implementation of such a
strategy.
Flood protection may be a concern after shutdown, depending on the
geographical location and the climate, geology and hydrology of the area. Some
areas may require sealing or the maintenance of active collection, detection
and pumping systems.

11.9. REMOVAL OF MINOR COMPONENTS
Generally, no major dismantling of radioactive parts of a plant takes place
during the transition period, depending on the licensing regime. For example,
under US regulations, major dismantling activities are defined as any activity
that results in permanent removal of major radioactive components,
permanently modifies the structure of the containment, or results in
dismantling for shipment of components which contain greater than class C
waste, i.e. waste unsuitable for routine near surface disposal. Major radioactive
components defined by these regulations could include the reactor vessel and
internals, steam generators, pressurizers, large bore reactor coolant system
piping and other large components that are radioactive to a comparable degree
[34].
Examples of decommissioning activities which are considered minor are:
(a)
(b)

44

Normal maintenance and repair;
Removal of certain, relatively small radioactive components such as
control rod drive mechanisms, pumps, piping and valves;

(c)

(d)

Removal of components (other than those defined above as major
components) similar to those normally removed for maintenance and
repair during plant operations;
Removal of non-radioactive components and structures not required for
safety. This can entail significant amounts of work and include major nonradioactive components such as cooling towers, transformers and control
panels. Figure 13 gives an example of such activities at the Würgassen
NPP, Germany.

During the transition period, removal of readily movable equipment
which is no longer needed can be considered. These items are either:
(1)
(2)
(3)
(4)

Packaged and disposed of;
Packaged after compaction and disposed of;
Decontaminated (e.g. by steam blaster or high pressure water jet);
Directly released without treatment.

FIG. 13. Dismantling of cooling towers during the transition period at the Würgassen
NPP, Germany.
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12. COST OF TRANSITION ACTIVITIES
The costs of transition activities can be significant and a lack of timely
funds during the transition period will severely impair the progress of the work.
This section describes a number of activities to be carried out during the
transition period. Decommissioning costs, including the costs of transition
activities, are categorized in a proposed standardized list [35]. The list, with a
focus on the transition period, is shown in the appendix and includes the
following groups:
(a)
(b)

(c)
(d)
(e)
(f)
(g)
(h)

Pre-decommissioning actions, e.g. decommissioning planning;
Facility shutdown activities, e.g. removal of the spent fuel, system reconfiguration and retirement, decontamination and immobilization of
residual contamination;
(Limited) procurement of equipment and materials;
(Limited) dismantling activities and characterization of radioactive
inventory;
Waste processing, storage and disposal (including hazardous waste);
Site security, surveillance and maintenance;
Transition project management;
Other costs, including asset recovery.

The prime costs of the transition period activities are related to labour
and fuel removal activities, but also include the purchase of equipment and
consumables, contract work, etc. The costs are plant specific and dependent on
whichever other activities are being pursued on the site. They are also
dependent on the schedule chosen for shutdown of the plant and the start of
decommissioning.
Input data for decommissioning cost estimates are available from international organizations [36] as well as commercially, for example the parametric
cost estimating database of the United Kingdom Atomic Energy Authority
(UKAEA) outlined in Annex I–13. Some of these systems have been
developed for specific types of facility and should be used with caution for
other types. However, their continued use and collaborative data sharing will
improve their applicability across the range of nuclear facilities.
The costs for specific activities within the transition period should be
clearly allocated to the operational or decommissioning base costs to establish
an unambiguous boundary. Evaluating decommissioning cost according to a
standardized list of cost items [35], including the costs of transition activities,
would facilitate the comparison of costs for various decommissioning projects
and the assessment of cost differences.
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13. CONCLUSIONS
It is very desirable to take timely action to place a nuclear facility in a
safe, stable and known condition as soon as possible after final shutdown. It is
important that stabilization and other activities for facilities, systems and
materials be planned and initiated prior to the end of operations. Carrying out
these activities during the final stages of a facility’s operational phase and
during the transition period will be beneficial in that the operational capabilities of the facility and the knowledge of personnel will be utilized before they
are lost. Actions taken at this time will pave the way to efficient and cost
effective decommissioning by eliminating, reducing or mitigating hazards,
minimizing uncertainty and maintaining steady progress.
The main conclusions of this report are that:
(a)
(b)
(c)

(d)

(e)

(f)
(g)

Early planning is the key to a smooth transition from operation to decommissioning and will avoid a no action scenario.
Planning for transition requires timely allocation of dedicated human,
technical and financial resources.
Timely implementation of transition activities will reduce expenditures
and hazards, simplify waste and material management and help to keep
the workforce motivated.
Significant cultural and organizational changes will occur during the
transition from operation to decommissioning and need appropriate
consideration and management.
The availability of relevant data and records is essential for smooth
progress into and implementation of decommissioning. A database
containing all relevant data needs to be established and maintained. This
database should be kept up to date throughout the lifetime of the facility.
Implementation of transition will require comparable management focus
and workforce attention to detail as during normal operation.
Good communication and involvement of all relevant stakeholders is
essential for a successful transition from operation to decommissioning.

47

Appendix
STANDARDIZED COST ITEMS
FOR DECOMMISSIONING PROJECTS [35]5
01

PRE-DECOMMISSIONING ACTIONS

01.0100 Decommissioning planning
01.0200 Authorization
01.0300 Radiological surveys for planning and licensing
01.0400 Hazardous material surveys and analysis
01.0500 Prime contracting selection
02

FACILITY SHUTDOWN ACTIVITIES

02.0100 Plant shutdown and inspection
02.0200 Removal of fuel and/or nuclear materials
02.0300 Drainage and drying or blowdown of all systems not in operation
02.0400 Sampling for radiological inventory characterization after plant
shutdown, defuelling and drainage and drying or blowdown of systems
02.0500 Removal of system fluids (water, oils, etc.)
02.0600 Removal of special system fluids (D2O, sodium, etc.)
02.0700 Decontamination of systems for dose reduction
02.0800 Removal of waste from decontamination
02.0900 Removal of combustible material
02.1000 Removal of spent resins

5

Actions relevant to the transition phase appear in italics; actions partly or
possibly relevant to it are in normal typeface, and actions not relevant to transition
appear in bold italics.
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02.1100 Removal of other waste from facility operations
02.1200 Isolation of power equipment
02.1300 Asset recovery: resale/transfer of facility equipment and components as
well as surplus inventory to other licensed (contaminated) and
unlicensed (non-contaminated) facilities
03

PROCUREMENT OF GENERAL EQUIPMENT AND MATERIAL

03.0100 General site dismantling equipment
03.0200 General equipment for personnel/tooling decontamination
03.0300 General radiation protection and health physics equipment
03.0400 General security and maintenance equipment for long term storage
04

DISMANTLING ACTIVITIES

04.0100 Decontamination of areas and equipment in buildings to facilitate
dismantling
04.0200 Drainage of spent fuel pool and decontamination of linings
04.0300 Preparation for dormancy
04.0400 Dismantling and transfer of contaminated equipment and material to
the containment structure for long term storage
04.0500 Sampling for radiological inventory characterization in the installations after zoning and in view of dormancy
04.0600 Site reconfiguration, isolating and securing structures
04.0700 Facility (controlled area) hardening, isolation or entombment
04.0800 Radiological inventory characterization for decommissioning and
decontamination
04.0900 Preparation of temporary waste storage area
04.1000 Removal of fuel handling equipment
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04.1100 Design, procurement and testing of special tooling/equipment for
remote dismantling
04.1200 Dismantling operations on reactor vessel and internals
04.1300 Removal of primary and auxiliary systems
04.1400 Removal of biological/thermal shield
04.1500 Removal of other material/equipment from the containment
structure and all other facilities, or removal of entire contaminated
facilities
04.1600 Removal and disposal of asbestos
04.1700 Removal of pool linings
04.1800 Building decontamination
04.1900 Environmental cleanup
04.2000 Final radioactivity survey
04.2100 Characterization of radioactive materials
04.2200 Decontamination for recycling and reuse
04.2300 Personnel training
04.2400 Asset recovery: Sale/transfer of metal or materials, and salvaged
equipment or components for recycling or reuse
05

WASTE PROCESSING, STORAGE AND DISPOSAL

05.0100 Waste processing, storage and disposal safety analysis
05.0200 Waste transport feasibility studies
05.0300 Special permits, packaging and transport requirements
05.0400 Processing of system fluids (water, oils, etc.) from facility operations
05.0500 Processing of special system fluids (D2O, sodium, etc.) from facility
operations
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05.0600 Processing of waste from decontamination during facility operations
05.0700 Processing of combustible material from facility operations
05.0800 Processing of spent resins from facility operations
05.0900 Processing of other nuclear and hazardous materials from facility
operations
05.1000 Storage of waste from facility operations
05.1100 Disposal of waste from facility operations
05.1200 Processing of decommissioning waste
05.1300 Packaging of decommissioning waste
05.1400 Transport of decommissioning waste
05.1500 Storage of decommissioning waste
05.1600 Disposal of decommissioning waste
06

SITE SECURITY, SURVEILLANCE AND MAINTENANCE

06.0100 Site security operation and surveillance
06.0200 Inspection and maintenance of buildings and systems in operation
06.0300 Site upkeep
06.0400 Energy and water
06.0500 Periodic radiation and environmental survey
07

SITE RESTORATION, CLEANUP AND LANDSCAPING

07.0100 Demolition or restoration of buildings
07.0200 Final cleanup and landscaping
07.0300 Independent compliance verification with cleanup and/or site reuse
standards
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07.0400 Perpetual funding/surveillance for limited or restricted release of
property
08

PROJECT MANAGEMENT, ENGINEERING AND SITE SUPPORT

08.0100 Mobilization and preparatory work
08.0200 Project management and engineering services
08.0300 Public relations
08.0400 Support services
08.0500 Health and safety
08.0600 Demobilization
09

RESEARCH AND DEVELOPMENT

09.0100 Research and development of decontamination, radiation
measurement and dismantling processes, tools and equipment
09.0200 Simulation of complicated work on model
10

FUEL AND NUCLEAR MATERIAL

10.0100 Transfer of fuel or nuclear material from the facility or from temporary
storage to intermediate storage
10.0200 Intermediate storage
10.0300 Dismantling/disposal of the temporary storage facility
10.0400 Preparation of transfer of fuel or nuclear material from intermediate
storage to final disposition
10.0500 Dismantling/disposal of intermediate storage facility
11

OTHER COSTS

11.0100 Owner costs
11.0200 General, overall (not specific) consulting costs
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11.0300 General, overall (not specific) regulatory fees, inspections, certifications, reviews, etc.
11.0400 Taxes
11.0500 Insurance
11.0600 Overheads and general administration
11.0700 Contingency
11.0800 Interest on borrowed money
11.0900 Asset recovery: Resale/transfer of general equipment and material.

54

REFERENCES
[1]

[2]

[3]
[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]
[14]

INTERNATIONAL ATOMIC ENERGY AGENCY, Decommissioning Techniques for Research Reactors, Technical Reports Series No. 373, IAEA, Vienna
(1994).
INTERNATIONAL ATOMIC ENERGY AGENCY, State-of-the-Art Technology for Decontamination and Dismantling of Nuclear Facilities, Technical
Reports Series No. 395, IAEA, Vienna (1999).
INTERNATIONAL ATOMIC ENERGY AGENCY, The Decommissioning of
WWER Type Nuclear Power Plants, IAEA-TECDOC-1133, Vienna (2000).
INTERNATIONAL ATOMIC ENERGY AGENCY, Organization and Management for Decommissioning of Large Nuclear Facilities, Technical Reports Series
No. 399, IAEA, Vienna (2000).
INTERNATIONAL ATOMIC ENERGY AGENCY, Managing the Early Termination of Operation of Nuclear Power Plants, Safety Reports Series No. 31,
IAEA, Vienna (2003).
INTERNATIONAL ATOMIC ENERGY AGENCY, Safety Considerations in
the Transition from Operation to Decommissioning of Nuclear Facilities
(in press).
INTERNATIONAL ATOMIC ENERGY AGENCY, Decommissioning of
Nuclear Power Plants and Research Reactors, Safety Standards Series No. WS-G2.1, IAEA, Vienna (1999).
INTERNATIONAL ATOMIC ENERGY AGENCY, Decommissioning of
Nuclear Fuel Cycle Facilities, Safety Standards Series No. WS-G-2.4, IAEA,
Vienna (2001).
INTERNATIONAL ATOMIC ENERGY AGENCY, Decommissioning of
Medical, Industrial and Research Facilities, Safety Standards Series No. WS-G2.2, IAEA, Vienna (1999).
KIRKLAND, M.C., “Decommissioning is inevitable: planning sooner rather than
later can have big payoffs for nuclear power plants and utilities”, WM’01 (Proc.
Conf. Tucson, 2001), WM Symposia, Inc., Tucson, AZ (2001).
INTERNATIONAL ATOMIC ENERGY AGENCY, Record Keeping for the
Decommissioning of Nuclear Facilities: Guidelines and Experience, Technical
Reports Series No. 411, IAEA, Vienna (2002).
SZILAGYI, A., BRIN, G., “Operations to disposition: The final steps of a
facility’s operational phase”, WM’00 (Proc. Conf. Tucson, 2000), WM Symposia,
Inc., Tucson, AZ (2000).
SCHULTZ, J.W., Overcoming the grief of plant closure, Nucl. Eng. Int. (August
1994) 22—23.
LUNDBY, J.E., Decommissioning of a Uranium Reprocessing Pilot Plant, Final
Report of the Nordic Nuclear Safety Research Project KAN-2.2, Rep. TemaNord
1994:594, May 1994, Nordic Council of Ministers, Copenhagen (1994).

55

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]
[24]
[25]

[26]

[27]
[28]

56

SPOONER, K., “Decommissioning of a UK nuclear power station in a national
park — An owners perspective”, WM’01 (Proc. Conf. Tucson, 2001),
WM Symposia, Inc., Tucson, AZ (2001).
KAY, J.M., ELLIS, E.T., WILLIAMS, T.W., “The Closure of Trawsfynydd power
station — Effects on staff and the local community and identifying a strategy for
decommissioning”, Nuclear Decommissioning (Proc. Int. Conf. London, 1995),
Mechanical Engineering Publications Ltd, London (1995) 295–304.
OECD NUCLEAR ENERGY AGENCY, Report on the SCNI Workshop on
Nuclear Power Plant Transition from Operation into Decommissioning: Human
Factors and Organisation Considerations, Rep. NEA/CSNI/R(99)17, OECD,
Paris (2000).
KACZMARSKY, M.M., ODELL, W.H., “The successful transition from plant
operations to decommissioning of Maine Yankee”, WM’00 (Proc. Conf. Tucson,
2000), WM Symposia, Inc., Tucson, AZ (2000).
McGARVEY, D.S., “Shutting down style: Managing nuclear decommissioning
transition risks”, The Best of D&D… Creative, Comprehensive and CostEfficient (Proc. Top. Mtg. Chicago, 1996), American Nuclear Society, La Grange
Park, IL (1996).
STRATMANN, W., BAECHLER, M., “Review of some aspects of radiological
interest during the establishment of the safe enclosure of the THTR 300 plant”,
Technologies for Gas Cooled Reactor Decommissioning, Fuel Storage and Waste
Disposal (Proc. Technical Committee Mtg Jülich, 1997), IAEA-TECDOC-1043,
Vienna (1998).
INTERNATIONAL ATOMIC ENERGY AGENCY, Radiological Characterization of Shut Down Nuclear Reactors for Decommissioning Purposes, Technical
Reports Series No. 389, IAEA, Vienna (1998).
INTERNATIONAL ATOMIC ENERGY AGENCY, Factors for Formulating
Strategies for Environmental Restoration, IAEA-TECDOC-1032, Vienna (1998).
U of Illinois reactor in SAFSTOR because fuel has nowhere to go, Decommissioning & Decontamination Monitor (July 21 1999) 4–7.
HILDEBRAND, J.E., Planning ahead: Preparing for the early retirement and
decommissioning of Oyster Creek, Radwaste Magazine (Nov/Dec 1998) 31–34.
BARENTS, M.S., ANDREWS, P.J., “Progress with stage 1 decommissioning of
the steam generating heavy water reactor (SGHWR)”, WM’95 (Proc. Conf.
Tucson, 2000), WM Symposia, Inc., Tucson, AZ (1995).
BUCK, S., YOUNG, M.P., COLQUHOUN, A., “Decommissioning impacts on
waste management”, Decommissioning ’91 (Proc. Symp. Tucson, 1991),
WM Symposia, Inc., Tucson, AZ (1991) 163–170.
GANGAHAR, M., PHILLIPS, A., To POCO or not to POCO, that is the
question, Nucl. Energy 38 6 (1999) 339–341.
GORDELIER, S.C., PASSANT, F.H., “Decommissioning of Nuclear Electric’s
gas-cooled reactors: The development of a new strategy”, Decommissioning
Policies for Nuclear Facilities (Proc. Int. Sem. Paris, 1991), OECD, Paris (1992)
337–351.

[29]

[30]
[31]
[32]

[33]

[34]

[35]

[36]

NUCLEAR REGULATORY COMMISSION, Identification and Evaluation of
Facilitation Techniques for Decommissioning Light Water Power Reactors, Rep.
NUREG/CR-3587, USNRC, Washington, DC (1986).
INTERNATIONAL ATOMIC ENERGY AGENCY, Decontamination of Water
Cooled Reactors, Technical Reports Series No. 365, IAEA, Vienna (1994).
CAMPBELL, J.B., “Decommissioning of the B203 plant at BNFL Sellafield”,
WM’98 (Proc. Symp. Tucson, 1998), WM Symposia, Inc., Tucson, AZ (1998).
KOUTSOUKOS, A., et al., “Design and installation of a decommissioning power
system at the Big Rock nuclear plant” (Proc. 1999 American Power Conf.
Chicago, 1999), PennWell Corp. (1999).
HOUGH, N.J., “Decommissioning of the uranium processing ‘amber area’ at
Dounreay, Scotland” (Proc. Int. Decommissioning Symp. Knoxville, 2000),
USDOE, Washington, DC (2000).
NUCLEAR REGULATORY COMMISSION, Staff Responses to Frequently
Asked Questions Concerning Decommissioning of Nuclear Power Reactors, Rep.
NUREG-1628, US Govt Printing Office, Washington, DC (1998).
OECD NUCLEAR ENERGY AGENCY, INTERNATIONAL ATOMIC
ENERGY AGENCY, EUROPEAN COMMISSION, Nuclear Decommissioning
— A Proposed Standardised List of Items for Costing Purposes, Interim Technical
Document, OECD, Paris (1999).
EUROPEAN COMMISSION, EC DB NET, European Commission Data Base
Network, www.sckcen.be/eccdecommissioning/about/database/initdb.htm.

57

Annex I
THE TRANSITION FROM OPERATION TO DECOMMISSIONING OF
NUCLEAR FACILITIES — NATIONAL EXPERIENCE
The examples provided below of organization and management schemes
for the transition from operation to decommissioning range from national
policies and programmes to detailed technical and organizational aspects at
individual facilities. It is felt that both approaches are useful to provide
practical guidance on how transition projects are planned and managed in
various Member States. The examples given are not necessarily best practices
nor do they necessarily reflect the views of the IAEA; rather, they reflect a
wide variety of national legislations and policies, social and economic
conditions, nuclear programmes and traditions. Although the information
presented is not intended to be exhaustive, the reader is encouraged to
evaluate the applicability of these schemes to a specific transition project.

I–1. THE TRANSITION PERIOD IN THE CZECH REPUBLIC
I–1.1. Introduction
This section describes the decommissioning of nuclear installations in the
Czech Republic, with emphasis on the period of transition from operation to
decommissioning. Except for one zero power reactor, no nuclear installation
has been decommissioned in the Czech Republic. The operating organizations
in the Czech Republic are now preparing for the future decommissioning of
their nuclear installations in accordance with relatively new legislation on the
peaceful utilization of nuclear energy and ionizing radiation.
I–1.2. Overview of installations
There are two NPPs and three nuclear research reactors in the Czech
Republic. One research reactor has already been decommissioned. There are
also other non-reactor nuclear installations in the Czech Republic, e.g. an
irradiation facility, research laboratories, etc. The nuclear installations are
described in Tables I–I and I–II.
Only those installations of significance from the point of view of decommissioning are mentioned. The process of decommissioning installations such
as irradiation facilities is very simple and does not pose a significant problem.
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TABLE I–I. INSTALLATIONS WITH NUCLEAR REACTORS
IN THE CZECH REUPBLIC
Nuclear
installation

Type of
reactor

Operating
organization

Dukovany
NPP

4 WWER
440/213

ČEZ a.s.

Temelín
NPP

2 WWER
1000/320

ČEZ a.s.

Unit 1: 2001
Unit 2: 2002

2041–2042

In operation

Research
reactor
LVR-15

Tank reactor
10 MW(th)

NRI Řež

VVR-S: 1957
LVR-15: 1989

2018

In operation

Research
reactor
LR-0

Zero power
reactor

NRI Řež

TR-0: 1972
LR-0: 1982

2010

In operation

Training
reactor
VR-1

Zero power CTU Prague
reactor

1990

2020 or later

In operation

Research
reactor
ŠR-0

Zero power
reactor

1970

1989

Decommissioned
(1997)

TABLE I–II.

ŠKODA
Nuclear
Machinery

Year of
startup

Year of
shutdown

Unit 1: 1985 2025–2027
Units 2, 3: 1986
Unit 4: 1987

Status
In operation

OTHER INSTALLATIONS
Operating
organization

Year of
startup

Year of
shutdown

Status

Research facilities
(Hot cell facility, etc.)

NRI Řež

1958–1965

2005–2025

In operation

High level waste
storage facility

NRI Řež

1995

2045

In operation

Installation

I–1.3. Licensing requirements related to transition
The main legislation applicable to the transition phase is Law No. 18/1997
Digest. on the peaceful utilization of nuclear energy and ionizing radiation (the
Atomic Law), and Law No. 13/2002 Digest. which amended the Atomic Law.
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The Atomic Law sets out the basic regulations relating to the decommissioning
arrangements of nuclear installations. Decree No. 196/1999 Coll. issued on 21
August 1999 by the State Office for Nuclear Safety (SONS) specifically
regulates the decommissioning of nuclear installations or workplaces with
significant and very significant ionizing radiation sources.
This regulation details the method and extent of the assurance of
radiation protection at decommissioning installations and workplaces with
significant1 or very significant ionizing radiation sources.2 It establishes the
decommissioning method and stipulates the extent and the format of the
required documentation. The regulation also includes requirements to make
financial provision for the decommissioning of nuclear installations. Decommissioning of nuclear installations will be up to the operating organizations,
whose legal responsibility is to create a financial reserve for this purpose.
Decommissioning, according to Czech legislation, means those activities aimed
at releasing nuclear installations (or workplaces with ionizing radiation
sources) for use for other purposes following the end of operations, or
exempting them from the requirements of the Atomic Law.
The Atomic Law identifies the need for a specific licence to cover decommissioning work. The issue of a licence for individual stages of decommissioning of a nuclear installation or workplace with a significant or very
significant ionizing radiation source requires specific documents to be
produced. These include the documents listed in item G of the Appendix to the
Atomic Law, which are paraphrased below:
(1)
(2)
(3)
(4)
(5)

(6)
(7)

Evidence of financial provision for decommissioning of the facility;
A description of the impact of operation of a nuclear installation on the
local area;
A description of technical methods and arrangements for decommissioning;
A decommissioning schedule/programme;
Methodologies for dismantling, decontamination, conditioning,
transport, storage and disposal of parts of the installation contaminated
by radionuclides;
The assumed radionuclide inventory and predicted discharges into the
environment and radioactive waste volumes generated;
Radioactive waste management methods, including disposal;
1

A significant source is one which, if involved in a radiation incident, could lead
to acute health effects. However, there is no danger of a radiation accident associated
with the source.
2
Very significant sources are those which might precipitate a radiation accident.
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(8)

Arrangements for radioactive waste management (including forecast
limiting cases) for the decommissioning process (requires SONS
approval);
(9) Safety analysis;
(10) Arrangements for the measurement and assessment of radiation doses to
personnel and the workplace, and environmental contamination by radionuclides and ionizing radiation (requires SONS approval);
(11) An on-site emergency plan (requires SONS approval);
(12) Evidence of physical protection/security of the decommissioned installation.
I–1.4. Decommissioning strategy/options taken into account
The Czech Republic has no separate decommissioning authority; decommissioning licences are issued by SONS. A case-by-case system is used for
decommissioning with the decay period also being dependant on the nature of
the installation. Decommissioning of nuclear installations to green field status
is not obligatory.
Article 3 of Decree No. 196/1999 Coll. establishes strategic options for the
decommissioning of nuclear installations or workplaces with ionizing radiation
sources, based on:
(a)

(b)
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The linkages between decommissioning activities and the ability to
separate clear stages. These include:
(1) Continuous decommissioning, where the decommissioning activities
are carried out in one stage immediately after the end of operation,
(2) Gradual/staged decommissioning, where decommissioning is done in
several defined and distinct stages.
The scope of essential decontamination, dismantling and demolition
work, of environmental monitoring and the possible reuse of land
influence which of the following options can be adopted:
(1) Direct decommissioning, when from a radiation protection
perspective it is not necessary to carry out decontamination,
dismantling and demolition work. In such circumstances, neither
ionizing radiation sources nor equipment contaminated by the
ionizing radiation sources remain at the site, or other ionizing
radiation sources are switched off and isolated to preclude restart.
(2) In situ decontamination and disposal is acceptable when it is practical
to carry out sufficient decontamination of equipment without
dismantling.
(3) Integrated decommissioning and dismantling where it is necessary to
dismantle equipment prior to decontamination and final disposal.

(4) Physical containment of the decontaminated facility undergoing
decommissioning. In this situation, equipment is left in place,
confined by protective barriers to prevent radionuclide leakage into
the environment until these have decayed to a level stipulated by
special regulations.
I–1.5. Description of the transition period
The transition period from operation to decommissioning is not defined
by the regulations, nor is the term ‘transition’ used in the field of decommissioning. However, some activities could be regarded as transitional, e.g.
(a)
(b)
(c)
(d)
(e)

Defuelling,
Management of spent fuel,
Drainage of systems,
Pre-dismantling decontamination,
Preparation for SE or care and surveillance.

Section I–1.6 gives detailed information about decommissioning of the
installations.
The following is paraphrased from Art. 5 of Decree No. 196/1999 Coll.:
(1)

(2)

(3)

The end of operation of a nuclear installation (or a workplace) significantly affects the radiological protection requirements; consequently,
subsequent work remains under the control of SONS. The end of
operation shall be reflected in changes to documentation, mainly in the
determination of the decommissioning strategy, the demarcation of the
controlled zone, the definition of the monitoring programme and
emergency plans.
Except in the case of premature termination of operation forced by an
accident, the operational period of a nuclear reactor ends with the
removal of the fuel from the reactor. In the case of a workplace with
sealed ionizing radiation sources the operational period ends with the
removal of the radiation sources.
The transfer of the workplace to another legal body (licensee) does not
legally constitute the end of operation of that workplace.
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I–1.6. Description of the transition period of nuclear installations
in the Czech Republic
I–1.6.1. Nuclear power plants
The Dukovany NPP was constructed between 1974 and 1985, with a
break between 1976 and 1978 due to a change in the type of reactor being built
(type V213 instead of V230). The first unit went into operation in 1985, the
second and third in 1986 and the last in 1987. The first reactor of the Temelín
NPP is now in commercial operation. The second is in trial operation.
Two basic options are considered with respect to the decommissioning of
Czech NPPs:
(1)

(2)
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Immediate decommissioning after the termination of operation. The
decommissioning activities are carried out immediately after the end of
operation. Defuelling is done immediately and the spent fuel is
transferred to the at-reactor pool. The duration of the cooling period
depends on the spent fuel parameters. The fuel is then transported to the
spent fuel storage facility. After defuelling, the primary circuit is decontaminated. Dismantling of non-contaminated equipment and buildings is
started immediately. Pre-dismantling decontamination, dismantling and
post-dismantling decontamination of equipment for handling radioactive
wastes are carried out in contaminated buildings. Following the final
decontamination of the buildings, demolition is started.
Deferred decommissioning. The decommissioning activities are
postponed.
(i) Safe enclosure: Immediately after defuelling, the primary circuit is
decontaminated and dismantling of non-contaminated equipment
and buildings is started. The following activities are carried out simultaneously throughout the NPP except on the nuclear island: predismantling decontamination, dismantling of equipment, postdismantling decontamination and related processing of generated
radioactive waste, final decontamination and demolition of active
buildings. The nuclear island is the only remaining area of the NPPs.
After the period of (SE) the remaining buildings and systems will be
decommissioned.
(ii) Storage with surveillance: Immediately after defuelling, the primary
circuit is decontaminated. No other decontamination or dismantling
operations are carried out. The buildings are maintained to provide
physical containment. The NPP buildings are closed and kept under
surveillance (physical protection, checking and maintenance of

containment barriers, etc.) for a period of about 50 years, after which
decommissioning is started.
Safe enclosure is the preferred option for the decommissioning of Czech
NPPs. In the case of the Dukovany and Temelín NPPs, this option is being
pursued with the planned condition for SE being:
(a)

(b)

Dukovany NPP: The reactors (vessels with internals) will remain in the
biological shield and the reactor buildings will be adapted for about
50 years of SE. Four buildings will remain on the site.
Temelín NPP: The reactors will remain in their containment buildings.
Two buildings will remain on the site for about 50 years.

I–1.6.2. Research and training reactors
LVR-15 research reactor
The LVR-15 is a light water moderated and cooled tank nuclear reactor
with forced cooling. The reactor was operated at a maximum power of 2 MW
from 1957 until 1969 when the power was increased to 4 MW. Following a
change in fuel type in 1974 it operated at a maximum power of 6 MW. In 1988
the reactor was reconstructed and recommenced operations in 1989 at a
maximum power of 10 MW. The reconstruction comprised replacement of the
reactor vessel, primary circuit, reactor control system and ventilation system.
Because of the design of the reactor, the reactor system and equipment
are all contaminated. Immediate dismantling has been selected as the
appropriate decommissioning strategy. There are, however, some steps that
could be considered parts of the transition process:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)

Planning of the decommissioning;
Defuelling and removal of the beryllium reflector and reactor internals;
Dismantling of parts below the reactor lid;
Dismantling of research loops, probes, irradiation channels and rabbit
systems;
Dismantling of the upper reactor lid;
Draining of systems;
Surveying and mapping of radiological conditions;
Processing of radioactive wastes;
Preliminary decontamination (if needed).
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The spent fuel and beryllium reflector will be stored in the at-reactor
pool, then in a remote pool and finally it will be transferred to the storage pool
in the high level waste and spent fuel storage facility (Fig. I–1). The final
disposal method for the fuel (reprocessing or disposal in a future deep
geological repository) has not yet been decided on.
The above mentioned actions will require about two years. Then proper
decommissioning will start and take about three years. Decommissioning will
not include the demolition of the reactor building, which will be used for other
purposes.
LR-0 research reactor
LR-0 is an experimental light water zero power reactor used to establish
the core neutron physics characteristics and shielding requirements of the
WWER type reactor. The TR-0 reactor was commissioned in 1972 as a heavy
water zero power reactor. It was used for research in support of the ILS-150
reactor installed at the A-1 NPP (Slovakia). The TR-0 reactor was operated
until 1979. From 1979 to 1982 it was reconstructed as the LR-0 light water

FIG. I–1. Storage facility for spent fuel and high level waste (HLW) with container for
transporting LVR-15 spent fuel.
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reactor. The LR-0 reactor began operation in 1982. Its maximum power is 5 kW
(Fig. I–2).
A strategy of immediate dismantling has been selected. Decommissioning is expected to be relatively simple because the reactor design makes
contamination of the reactor equipment unlikely. The reactor will be
dismantled immediately. The following steps can be considered to be part of a
transition period:
(1)
(2)
(3)
(4)
(5)
(6)

Planning of decommissioning,
Defuelling (the slightly irradiated fuel will either be used for fabrication
of new fuel or be disposed of in a future deep geological repository),
Draining of systems,
Surveying and mapping of radiological conditions,
Processing of potential radioactive wastes,
Decontamination (if needed).

Decommissioning does not include demolition of the reactor building,
which will be utilized for other purposes. The above mentioned activities will

FIG. I–2. The LR-0 research reactor hall.
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take about two years. Decommissioning will then begin and is expected to take
about two years.
VR-1 training reactor
The VR-1 training reactor is a pool type light water reactor which uses
enriched uranium fuel. Its rated power is 1000 W (thermal). The decommissioning process for the reactor will be similar to the decommissioning of the
LR-0 research reactor. The decommissioning does not include demolition of
the reactor building, which will be utilized for other purposes.
ŠR-0 reactor
The ŠR-0 research reactor was a pool type light water reactor that used
enriched uranium fuel. In 1989 the ŠR-0 reactor was not operational. Refurbishment of the reactor vessel and the shielding was planned. However, in 1990
it was decided to decommission the reactor instead. The ŠR-0 reactor was
completely decommissioned between 1992 and 1996. In 1997, its operating
licence lapsed.
I–1.6.3. Other installations
Some installations and facilities operated by NRI Řež will be decommissioned in the future (e.g. a hot and semi-hot cell facility, radiochemical and
nuclear material laboratories, a high level waste and spent fuel storage facility).
The selected strategy for these facilities is also one of immediate dismantling. The following steps can be considered parts of the transition period:
—
—
—
—
—
—
—
—

Planning of decommissioning,
Characterization of materials and contamination,
Removal of radioactive and/or nuclear materials,
Dismantling of unusable equipment,
Draining of systems,
Surveying and mapping of radiological conditions,
Processing of radioactive wastes,
Preliminary decontamination.

Decommissioning does not include the demolition of buildings, which will
be utilized for other purposes.
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I–1.7. Issues in planning for decommissioning
In the past it was not necessary for operating organizations of nuclear
installations to prepare a preliminary decommissioning plan as is now required
by legislation. Now the decommissioning planning is an important part not only
of the operation, but also of the planning and construction of a nuclear
installation.
When the preliminary decommissioning plans of the operational nuclear
facilities were prepared, some required data were either unavailable or
unknown. This mainly related to research facilities which had been built many
years previously. There was a lack of data available to assess the amounts of
material arising from decommissioning (including information regarding the
composition of materials, the level of contamination, etc.). Thus it was
necessary to collect the necessary data (by measurement of actual dimensions,
from the operational history or even from the construction data), perform
measurements and carry out the calculations. Of course, the continuous
collection of data will be used to prepare and update the final decommissioning
plans.
I–1.8. Conclusions
No nuclear facility (except a zero power reactor) has been decommissioned in the Czech Republic. The operating organizations of the other facilities
are now preparing for the decommissioning of their nuclear installations.
The transition period from operation to decommissioning of nuclear
installations is not defined by the regulations and the term ‘transition’ is not
formally used in this context. However, some activities can be regarded as
transition activities such as defuelling, management of spent fuel, decontamination, drainage of systems and preparation for SE or storage with surveillance.
Nevertheless these activities, which constitute the interface between the
end of operation and the start of decommissioning activities, are very
important and have a great impact on the safe and successful implementation
of the decommissioning programme.
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I–2. TRANSITION ACTIVITIES AT THE DR-2 RESEARCH REACTOR,
DENMARK
I–2.1. Introduction to the DR-2 research reactor
The DR-2 research reactor was a 5 MW thermal light water moderated
and cooled tank type reactor with MTR type fuel elements. The reactor started
operation at full power on 26 August 1959. Until 31 October 1963 it operated
with three shifts per day, five days per week. From 1 November 1963 until its
final shutdown on 31 October 1975 its operation was reduced to one shift per
day, five days per week. The total integrated power during its operation was
5488 MW(th)·d.
The reason for the shutdown of DR-2 in 1975 was that it was felt that the
DR-3 research reactor at Risø, a 10 MW(th) heavy water moderated and
cooled reactor, could cover all Danish needs for neutron beam experiments
and reactor irradiation. However, since there was some doubt as to whether
this was correct, it was decided that the reactor should be shut down in such a
way that it could be restarted easily. It was also decided that the reactor should
be kept in SE and that its dismantling should be postponed until the other
nuclear facilities at Risø, in particular the DR-3, were to be dismantled.
I–2.2. The initial transition activities
After final shutdown of DR-2 its core was dismantled and placed on the
storage rack in the reactor tank. Two months later the fuel elements were
moved to the fuel storage pool of the DR-3 from where they were sent to the
USA. The beryllium reflector elements were left in the grid plate. The shimsafety rods were placed on the storage rack in their guide tubes, while the
regulation rod was left hanging in its extension rod in the tank.
After removal of the fuel, the primary circuit, including the DR-2 tank
and the holdup tank, was drained, as was the secondary circuit. It was discussed
whether the primary system should be dried, but it was decided that this was
not necessary. To provide the necessary radiation shield at the top of the
reactor tank once the water in the tank had been removed, a steel plate was
placed on top of the reactor carrying a 5 cm thick layer of lead bricks.
In 1978/1979 it was decided to abandon the restart option for DR-2 and to
use the reactor hall for chemical engineering experiments. Since this meant that
the reactor hall had to be transformed into a clean area a number of additional
measures were taken. The control rod drive mechanisms at the reactor top
were removed and the thickness of the lead brick shield was increased to 10 cm.
In addition, a 40 cm thick concrete shield plate was placed on top of the reactor
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and sealed to the concrete block. All beam and irradiation tubes were, where
needed, provided with additional shielding and steel plates were welded over
the tube openings. Other openings to the reactor were sealed with a plastic
material. The interior of the primary circuit and the tank were connected to the
outside atmosphere through a filter. The staircase to the top of the reactor was
removed and so were most railings. The secondary circuit was dismantled.
For the next 20 years the reactor was left in SE with little need for maintenance. Regular inspections and yearly radiation surveys were carried out. They
indicated that the activity of the tank was decaying with a half-life of seven to
eight years. Measurements of the γ spectrum revealed that, as expected, 60Co
was the dominant activity, but 152Eu could also be detected.
I–2.3. The DR-2 project
The DR-2 project was started in October 1997. The aim of the project
was:
(a)
(b)

To determine the remaining activity levels in DR-2,
To plan the final dismantling of DR-2.

An important reason for starting the project at that time was that staff at
Risø with knowledge of DR-2 would soon be retiring and it was considered
important that their knowledge be used while it was still available. The project
planned to open the various parts of the reactor and to assess the remaining
activity level, the radionuclides involved and where the activity was placed.
However, before the reactor could be opened a number of activities had to be
carried out. The reactor hall had been used for chemical engineering
experiments between 1976 and 1996 and much equipment from these had been
left and had to be removed before work could start. The walls and floor had to
be cleaned and repainted, the staircase to the top of the reactor had to be reinstated, the reactor hall crane had to be re-licensed, etc.
To permit handling and measurement of radioactive components stored
in the reactor, two facilities were built in the reactor hall. One, made from
concrete blocks, was for the storage of radioactive components taken from the
reactor. The other was a measuring facility, again made from concrete blocks
and lead bricks, in which long components placed on a flat vehicle could be
moved past a lead collimator where the activation distribution along the
component could be measured.
In addition, since the status of the reactor had to be changed (from a
sealed to an open facility) new safety documentation for the reactor had to be
prepared, submitted to and approved by the nuclear and radiation safety
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authorities. The new documentation included a safety assessment of the project
activities. To obtain the necessary information on the reactor the DR-2 archive,
in particular drawings, had to be brought up to date. Permission to carry out the
project came from the authorities in December 1999 but due to a leak in the
DR-3 tank the opening of the reactor tank was postponed until May 1999.
I–2.4. Opening of the reactor tank
The initial task was the removal of the concrete shield plate (Fig. I–3) and
the two layers of lead bricks. Then, through a hole in the steel plate, samples
were taken of the air from the reactor tank and measured for activity and
beryllium. No significant contamination was found. Next smear tests were
carried out at the tank wall and at the surface of the reflector elements and they
were tested for activity and beryllium. Again the levels detected were close to
background. During these measurements the personnel on the reactor top
carried respiratory protection. Based on the measurements performed this was
not considered necessary during the subsequent work except when the

FIG. I–3. Twenty-five years after shutdown the concrete lid is lifted from the top of the
DR-2 reactor, Denmark.
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beryllium reflector elements were being removed from the reactor. The steel
lid was taken away and the removal of components in the reactor tank could
begin.
Initially it had been the plan to take movable components out of the
reactor, measure their activity and put them back into the reactor. However,
since this procedure would have to be repeated during the later dismantling
process, it was decided to cut up the active components — when this could be
done — and store them in waste drums which were, when filled up, transferred
to the Risø waste treatment plant. Non-radioactive components were stored in
plastic bags in the basement of the DR-2 building. Special stainless steel
containers were made for the storage of the beryllium reflector elements.
The measurements involved determination of the total activity of the
components by use of a γ spectrometer which also identified the radionuclides
involved (the activity distribution along the components was also measured).
The components taken out of the reactor tank were:
(a)
(b)

Shim-safety rods, guide tubes and grid plate plugs from the storage rack;
Reflector elements and ‘water holes’ from the grid plate (Fig. I–4);

FIG. I–4. The last movable part, a beryllium reflector element, is lifted out of the reactor
tank of the DR-2 reactor, Denmark.
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(c)

The regulating rod, magnet rods for the safety rod and various other rods
hanging from the top of the tank.

The activities of the more active components are given in Table I–III. It is
seen from the table that the total activity of the movable components of the
reactor tank was approximately 38 GBq or about 1 Ci, and that the activity is
dominated by that of the regulating rod.
The dominant radionuclide was 60Co. Only in the case of the Be reflector
elements did the measurements indicate that 5–10% of the activity was 137Cs.
When the lids were removed the maximum radiation level at the top of
the reactor tank was 450 µSv/h. After all the components mentioned in
Table I–III had been removed the radiation level was reduced to 75 µSv/h.
After the removal of all movable components from the reactor tank the
radiation field in the tank was surveyed. This was done by use of thermoluminescent dosimeters. Close to the core region the radiation level was 25–50 mSv/h.
It was noted that the radiation level was higher on the side of the thermal
column than on the other side of the core. This is presumably due to the activity
of the thermal column graphite (see Section I–2.6). It had not been possible to
consider it separately but the grid plate with its stainless steel bolts and guide
pins made a significant contribution to the radiation level close to the core
region.
The compenents were removed without difficulty. Only one of the water
hole plugs stuck and a hoist had to be used for its removal. There was no
indication of corrosion.

TABLE I–III. ACTIVITY OF COMPONENTS REMOVED
FROM THE DR-2 TANK
Components
4 safety rods (Al + B4C + SS + Pb)
5 guide tubes (SS)

415
3279

1 safety rod and guide tube

919

3 grid plate plugs with SS screws

129

12 Be reflector elements (Be + SS)

10 000

1 regulation rod (SS)

23 000

Water holes, etc.
Total
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Total activity (MBq)

69
37 800

I–2.5. Opening of the hold-up tank room
The hold-up tank room is situated directly under the reactor and was
closed by a wall of concrete blocks. Some of these blocks were removed to
permit access to the room. Five stainless steel boxes with components from the
decommissioning of Risø’s hot cell facility had previously been stored in the
room. These were transferred to the waste management plant. There were also
two heavy radioactive components, possibly a beam hole shutter and a magnet,
which had undoubtedly been used in connection with reactor experiments. The
shutter was moved to the reactor hall’s storage facility while the magnet
remained in the hold-up tank room. A number of loose non-radioactive
components were also removed. After cleanup of the hold-up tank room the
concrete block wall was re-established.
I–2.6. Opening of the igloo in front of the thermal column
The igloo in front of the thermal column had been used for storage of a
number of reactor components such as ion chambers, old beam plugs, the tank
television camera, vertical irradiation tubes, graphite stringers and other
components. Their storage had been ad hoc in nature. Most of these items were
activated to varying degrees. When one of the concrete blocks in front of the
igloo was removed the radiation level was measured at 25–35 µSv/h at the
opening (Fig. I–5).
The radioactive components that could be were cut, loaded into drums
and sent to the waste treatment plant. An exception was the graphite stringers
which were wrapped in plastic sheeting for later transport to the waste
treatment plant. They may have to be annealed before final disposal.
Components that were too heavy to be cut were stored in the storage facility in
the reactor hall. Non-radioactive components were stored in plastic bags in the
basement. After the igloo had been emptied, the radiation level at the entrance
had been reduced to less than 1 µSv/h.
Next the other concrete block in front of the igloo was moved and the
motor driven shield door was rolled out. This provided free access to the outer
surface of the thermal column. A number of graphite stringers, both outer and
inner, were taken out of the column, measured and reinserted. It was a surprise
that the stringers contained 152Eu, 154Eu and 60Co activity, of which the 152Eu
activity was dominant. It has been estimated that the total activity of the
graphite amounts to about 5 GBq. Also unexpectedly the activity of the
stringers generally decayed out through the column exponentially. Most of
both the inner and the outer stringers showed maximum activity around their
middles. This seems to indicate that the europium in the graphite stringers is
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FIG. I–5. The igloo in front of the thermal column just after one of the concrete blocks in
front of the igloo was removed (DR-2 reactor, Denmark).
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not evenly distributed. Measurements of the activity of a thermocouple taken
from the thermal column gave the expected exponential decay pattern. When
both stringers were out, lead samples were drilled out of the lead plate at the
inner end of the thermal column and their activity was measured.
I–2.7. Opening of beam, irradiation and instrument tubes
Two beam plugs were taken out and their activity measured. The
removable inner beam hole liner was also taken out of one and measured.
While the liner was out the radiation level through the concrete shield was
measured. To reduce the radiation from inside the tank, a container with lead
bricks was lowered into the tank from the top to close the hole. The through
tube, which had been used as a fast pneumatic facility, was also opened and the
pneumatic tubing taken out and cut up. After the measurements the liner and
the beam plugs were reinserted. An approximate estimate of the total activity
of the eight beam tubes suggested an activity of the order of one GBq.
Some difficulties were experienced in extracting the beam plugs and the
liners. The liner extraction was successful in only one of the two cases. An
attempt to extract the largest beam tube was abandoned. However, it is
believed that all the plugs and liners can be extracted by use of sufficient force
when the need to reinsert the beam plugs and liners no longer exists. Two
irradiation or S tubes were also taken out, measured and reinserted. Based on
the activity measurements the total activity of the six S tubes is of the order of
0.1 GBq. The instrument tubes were opened and the radiation level through
the tubes was measured.
I–2.8. Drilling of cored holes through the concrete shielding
Two holes were drilled through the concrete shield, the lead shield
around the reactor tank and the reactor tank wall. The cores were extracted
and measured (Fig. I–6). The results showed only the inner 50–60 cm of the
concrete shield to have activity above the background level.
The concrete shield of the DR-2 is provided with a number of vertical
tubes at different distances from the tank wall. These tubes were used to
measure the activation of the concrete shield. Such measurements have been
made using TL dosimeters.
I–2.9. Planning the final dismantling of DR-2
In September 2000 it was decided to decommission all the nuclear
facilities at Risø. Therefore, planning for the final dismantling of DR-2 will be
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FIG. I–6. The borehole core resulting from drilling through the concrete shield of the DR2 reactor, Denmark.
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part of the overall Risø decommissioning programme and not part of a specific
DR-2 project.
I–2.10. Conclusions
The DR-2 project is about to be terminated. It has been carried out with
few difficulties according to the original plan. There have been a few surprises,
but none that have caused significant difficulties. In general the difficulties
have turned out to be less severe than expected. From a dose point of view it
has been a significant advantage that the DR-2 has been in SE for more than
25 years.

I–3. TRANSITION TO DECOMMISSIONING: THE AT1 CASE,
FRANCE
I–3.1. Introduction
France’s nuclear decommissioning activities involve both the civilian and
defence sectors. France has four major civilian operating organizations:
(1)
(2)
(3)
(4)

Electricité de France (EDF),
Compagnie Générale des Matières Nucléaires (Cogéma),
Commissariat à l’Énergie Atomique (CEA),
Agence Nationale pour les Déchets Radioactifs (ANDRA).

Nuclear energy supplies France with nearly 80% of its electricity.
Presently EDF has 58 operating NPPs (PWRs). The six older gas cooled,
graphite moderated NPPs have been shut down, as has Superphénix, a fast
breeder reactor. Cogéma operates fuel cycle plants, including chemical reprocessing facilities, uranium production facilities and gaseous diffusion plants.
Most of the nuclear R&D installations in France belong to the CEA. Many
have already been dismantled or are presently being dismantled. Others
(research reactors, laboratories, pilot plant) are awaiting decommissioning.
ANDRA was established in 1991 to take charge of the development and
operation of waste disposal centres for low level waste (LLW), medium level
waste (MLW), HLW and very low level waste (VLLW)). The first depository
for waste containing short lived radionuclides, the CM Centre de la Manche,
closed in 1994 after 25 years of operation and disposal of more than 530 000 m3
of waste. The Aube centre (CA) came into operation in 1991 and has a capacity
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of 1 000 000 m3. ANDRA plans to open a disposal facility for VLLW (from 0 to
a few hundreds of Bq/g) close to the Aube centre in the near future.
I–3.2. National policy
I–3.2.1. Regulation
The basic nuclear installations (BNI) associated solely with the nuclear
deterrent programme are regulated by a body under the authority of the CEA’s
high commissioner. The operating organization has to comply with the sixth
decree of 11 December 1963 which sets out the requirements for decommissioning of BNIs. This decree established the Nuclear Safety Authority
(DGSNR) (new name for DSIN). The sixth article, issued on 19 January 1990,
modified the procedure for decommissioning BNIs. Before this article there
were no requirements applying specifically to decommissioning. The applicable
procedures were the general ones relating to major modifications of installations. An administrative note (9 November 1990) was issued to explain the new
procedure in detail.
In regulatory terms, the decommissioning of nuclear facilities now
requires three major phases. The first phase leads to the end of operation of the
facility. Work is carried out in accordance with existing operating procedures.
This phase includes the removal of all fuel, fertile and fissile materials, all waste
produced during the operational phase and still present on the site, and some
decontamination and drainage activities. The operating organization must
inform the DGSNR of its intent to commence these operations six months
prior to starting them and submit a safety case for the work. The DGSNR
formally acknowledges the end of this phase following receipt of a completion
report and after a thorough site inspection.
The second phase leads to shutdown of the facility. This phase, which can
be started while the previous one is ongoing, consists of dismantling any
equipment outside the nuclear island which is no longer required for surveillance and safety. The containment is also reinforced. At the end of this phase a
complete inventory of the remaining radioactivity is produced. These
operations require formal authorization from the government. This is only
given after thorough examination of the necessary documents (safety analysis
report, proposed general operating rules, decommissioning plan, etc.) by the
DGSNR. The first two phases constitute the transition from operation to
decommissioning. The third phase consists of dismantling the facility. This
phase can be started as soon as the previous one is completed or it can be
delayed. Authorization and assessment by the safety experts are needed prior
to commencement.
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The licensee’s nuclear responsibilities for the site ends when all the
radioactive materials are removed and this has been confirmed by the DGSNR
on the basis of a completion report and a thorough site inspection. The
procedure and associated arrangements are currently being reviewed by the
DGSNR following the experience gained in recent years.
I–3.2.2. Strategy
When a BNI ceases operation some decontamination and modification
activities are carried out prior to decommissioning, which is then followed by
dismantling. This work will result, from the administrative standpoint, in the
creation of a new BNI, in the reclassification of the BNI as an installation
requiring licensing or registration solely on the grounds of environmental
protection, or simply in a return to the public sector. The actual classification
will depend on the remaining radioactivity levels within the facility.
Experience gained during previous dismantling operations, mainly of
small installations (pilot installations, research reactors) led, in 1990, to
regulations setting out the requirements for licence termination for BNIs.
Currently, the operating organization is required to carefully consider the final
condition of the installation and to organize the decommissioning and
dismantling in several stages. The purpose of these measures is to ensure that
the installation will remain in a satisfactory safety condition at all times, even
after it has ceased to operate, and taking into account the nature of the
dismantling operations.
The DGSNR considers the dismantling operations currently proceeding
as test cases, providing an opportunity for the operating organizations to define
and implement, on the one hand, a dismantling strategy and, on the other hand,
a management policy for the large amounts of radioactive waste which will be
generated. If carried through to their conclusion they would also constitute
examples demonstrating the technical and financial feasibility of an entire
dismantling process.
As specified in the sixth article of the above mentioned decree of
11 December 1963, when an operating organization decides to close down its
installation for any reason it must inform the Director of the DGSNR by
sending him:
(a)

(b)

A document justifying the configuration in which the installation will be
left after final shutdown and indicating the various stages of subsequent
dismantling;
A safety analysis covering the final shutdown procedures and indicating
subsequent plant safety provisions;
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(c)
(d)

The general surveillance and maintenance arrangements to ensure a satisfactory safety condition;
An updated on-site emergency plan for the installation.

The current environmental protection regulations also require the
operating organization to submit an environmental impact analysis pertaining
to the proposals. The implementation of these various requirements is subject
to approval by decree, signed by the government after consultation with the
Interministerial Commission for Basic Nuclear Installations. In some cases,
operations such as the unloading and removal of nuclear material, the disposal
of fluids, decontamination and drainage operations can be performed under
the operational authorization. This requires that previously imposed requirements, the safety analysis report and general operating rules currently in force,
subject to certain modifications if necessary, can all be complied with. Where
this is not possible such operations come under the provisions of a decommissioning decree.
From the regulatory standpoint, after the end of the operational phase
two successive sets of activities have to be carried out:
(1)

(2)

Final shutdown work, which covers all of the transition phase authorized
by the decree. This work mainly entails the dismantling of equipment not
on the nuclear island and not required for surveillance and safety, the
preservation or reinforcement of the containment barriers and taking of a
radioactivity inventory. In most cases, the transition phase is then
complete;
Dismantling work on the nuclear part of the plant. This work can start as
soon as the final shutdown operations are completed or can be delayed to
benefit from radioactive decay in activated or contaminated materials.
These operations can lead to partial or total dismantling, depending on
the ultimate condition selected.

Frequently, as soon as the nature of the installation — although it is still a
BNI — is changed by the dismantling operations it is considered to be a new
nuclear installation. Consequently, a new authorization is required involving
the procedure previously described, including a public inquiry. In most cases
such plants become storage facilities for their own internal equipment.
If dismantling work reaches the stage where the total radioactivity of the
remaining radioactive substances is below the minimum level necessitating
classification as a BNI, the plant can be removed from the list of BNIs, i.e.
‘declassified’. Depending on the residual radioactivity level it could come
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under the provisions of the law which requires installations to be registered or
licensed on environmental protection grounds.
The DGSNR will soon issue an updated directive concerning the various
technical and administrative aspects of BNI decommissioning and dismantling.
This document will notably take into account experience acquired in such
operations since January 1990 when the previously mentioned decree of
11 December 1963 on nuclear installations was supplemented.
Restrictions on the use of buildings or land pertaining to a BNI being
released from nuclear status will be considered in this revised directive. It now
appears that, on the principle of applying caution, some restrictions such as
radioactivity measurement during earth moving or unusual operations shall be
imposed on future landowners.
If the safety criteria are completed, utilities are free to choose their
decommissioning strategy and the techniques to be used. The decommissioning
strategy chosen in the late 1980s by EDF consists of delaying the total
dismantling 50 years to benefit from the 60Co decay. The first and second
phases are completed immediately after final shutdown and the third phase is
further divided into two subphases. The first subphase is started at the end of
phase two. The second subphase is delayed 50 years. In the interim, the installation is used to store the equipment left in place and is kept under surveillance
(SE concept). After this period, the installation is fully dismantled. At the end
of the dismantling operation, if there are no longer any radioactive materials on
the site, it can be released for other purposes and is no longer a nuclear site.
Experience has shown that interim situations tend to become the norm.
However, it is necessary to balance the benefits and drawbacks of delaying the
shutdown and dismantling phases. In this respect in 1996 the DGSNR
requested that the CEA and EDF produce a joint study assessing the
possibility of shortening the planned 50 year delay at the EL4 HWGCR located
in Brittany. The CEA and EDF proposed, as a result of their review, to proceed
to total decommissioning immediately after the end of operations.
In April 2001 EDF took the decision to proceed with immediate decommissioning of all the GCRs, the first PWR (CHOOZ A), EL4 and Superphénix.
The aims of this new strategy are:
(i)
(ii)
(iii)
(iv)

To show the feasibility of total dismantling on an industrial scale,
To show the capability of managing all the generated material and wastes,
To take the opportunity of gaining internal decommissioning expertise,
To be able to take charge of the future decommissioning of the PWRs.
CEA’s decommissioning strategy for its R&D installations is to:
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(a)
(b)

(c)

Start decontamination and decommissioning studies before the shutdown
decision is taken;
Carry out operations as soon as possible after shutdown, while using the
operating staff to:
— Benefit from experienced operating staff,
— Deal with cleaning and cleansing problems,
— Minimize operating costs,
— Optimize the safety classification;
Spread or postpone partial or total DECOM (demolishing of civil works)
within the constraints of available financing and waste shipments to
existing depositories.

I–3.3. The AT1 case
The AT1 pilot facility on the Cogéma site at La Hague near Cherbourg
was built to reprocess spent fuel elements from fast breeder reactors (Rapsodie
and Phénix). It was operated for ten years, from 1969 to 1979, during which
time it produced 1094 kg of uranium and plutonium at a rate of 2 kg per day.
Initially the facility implemented only three extraction cycles; a fourth
uranium/plutonium extraction cycle was added in 1972 together with an
additional fission product storage unit in the extension wing. After final
shutdown in 1979 the process lines were rinsed for nearly three years, during
which 600 kg of plutonium and 1700 kg of uranium were recovered. All the
process lines were systematically decontaminated between July 1979 and
December 1981. This transition period was carried out in five main stages:
(1)
(2)
(3)

(4)

(5)
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Rinsing and cleaning of equipment, circuits and tanks, to recover fissile
materials.
Decontamination of the fission product tanks.
Dismantling of in-cell equipment: where possible equipment was
removed, after remote decontamination, in concrete containers and
shielded transport casks.
Treatment of contaminated solvent: 1800 litres of spent solvent,
containing up to 66 mg/L of plutonium and 480 mg/L of U, were treated to
reduce the plutonium level to 1 mg/L and beta gamma contamination to
less than 200 MBq/L. Decontaminated solvent was then transferred to
Marcoule to be vitrified.
Transfer of fission product bearing solutions. Two tanks, containing 7 m3
and 13 m3, respectively, were emptied to the central fission product
storage unit where the solution was vitrified.

The CEA’s decommissioning unit for nuclear facilities (DDCO) took
over the AT1 decommissioning programme in 1982. It was to carry out the total
decommissioning of the installation with the exception of the civil engineering.
This involved the following operations:
(a)
(b)

Dismantling and removal of all contaminated process lines and
equipment,
Decontamination of the process cells to the lowest possible residual level
to allow the building to be reused without requiring continuous radiological monitoring.

The process functions carried out in the AT1 facility are shown in Fig. I–7.
Fuel elements in lead transport casks entered cell 901 from which they
were transferred to cell 902. Here they were cut up with hydraulic shears and
placed in baskets. The baskets were then lowered from cell 902 into the
dissolver in cell 903. Following dissolution, the hot nitric acid solution from the
dissolver was clarified and sent to the three extraction cycles in cells 904 and
905. After extraction of the fission products, the fissionable materials were
routed to the end of the process to separate the uranium and plutonium,
concentrate them and convert them into uranyl nitrate and plutonium oxide.
The equipment required for these processes was located in the alpha cells and
unshielded gloveboxes (cells 950–952 of the extension wing, and cell 906).
Other cells were used for fission product storage (cells 908 and 909 in the main
building and cell 920 in the extension wing), liquid waste storage (cell 907), offgas treatment (filtration cell) and gloveboxes for analysis sampling.
I–3.4. Implementation
Rinsing, cleaning and decontamination of all the circuits and tanks took
30 months after shutdown. During the transition phase, AT1 was operated as
during the operational phase:
(a)
(b)

During the rinsing phase, five shifts worked for 8 h each;
During the decontamination phase, three 8 h shifts were worked
(excluding Saturday and Sunday).

Thirty people were employed in the operation (including management)
and were supported by 20 people carrying out laboratory analyses. Dose intake
was the same as during operation. During this period, when AT1 was operated
normally, it was necessary to make small investments such as in high pressure
pumps and shielded gloveboxes (treatment of contaminated solvent). It was
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also necessary to create a new facility to allow the transfer of the liquid fission
product solution. All rinsing and cleaning were done with progressive addition
of hydrofluoric acid and were conducted through the normal AT1 process and
circuits. This allowed the alpha contaminated waste volumes to be minimized.
The residual surface alpha contamination was between 5 and 70 MBq/m2. The
decontamination factor was between 3500 and 250. This was achieved by using
a rinsing volume five times higher than the total volume of the equipment and
circuits. More than 600 g of plutonium and 1700 g of uranium, double the
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estimated quantities, were recovered through the rinsing operation. The rinsing
operations also reduced beta gamma levels by a factor of 2 to 7. Decontamination was done using acid and basic chemicals (oxidation/reduction) through
the process line and gave good results. Fission product storage tanks were
decontaminated and refilled to allow further contact dismantling.
I–3.5. Conclusions
(a)

(b)
(c)

(d)

The work in mechanical cells (901–903, filtration) shows that it is possible
to reach an activity level consistent with dismantling if the equipment and
systems have been designed with dismantling in mind.
Treatment of spent solvent is possible but special attention has to be given
to precipitate products and other residues.
Decontamination of the concrete structures in cells 903 and 905 was made
more difficult because of the use, during the transition phase, of high
pressure steam and water. These processes push contamination into the
concrete and facilitate contamination migration in the structure.
During the transition phase, it is essential to obtain as much information
about the facility’s operational lifetime and records as possible. Former
operating staff and the decommissioning team have to work together to
avoid removal of equipment that might be used in the future and to avoid
using processes which could force contamination into the concrete
structure.

I–4. TRANSITION TO DECOMMISSIONING: THE UP1 CASE, FRANCE
I–4.1. Introduction
A major decommissioning project is under way at the UP1 reprocessing
plant at Marcoule, southern France. This section provides an overview of the
site and the plant itself, before discussing the organization of the project, its
financing and objectives. In conclusion a more detailed update of the final
shutdown programme that began in January 1998 is included.
I–4.2. Forty years of production at Cogéma/Marcoule
In 1952, the CEA selected Marcoule, located along the Rhône River
100 kilometres from the Mediterranean, as the first industrial site for
developing its defence related nuclear activities. Marcoule has diversified its
activities considerably in the last half century.
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The site covers 280 hectares (nearly 700 acres) in a zone measuring about
1700 meters by 1600 meters and hosts a wide range of nuclear activities
employing a total of about 6700 people. The site includes:
—
—
—
—
—
—
—
—

Several reactors,
A MOX fuel fabrication plant,
Numerous laboratories,
A low level waste incineration and melting facility,
A reprocessing plant,
Solid waste processing and interim storage facilities,
Liquid waste treatment facilities,
A fission product vitrification facility.

The last four facilities lie within the scope of the CODEM joint venture.
The UP1 plant was commissioned in 1958 to reprocess spent fuel from the
reactors used to produce plutonium for French defence. In 1976, with the
creation of Cogéma, which took over the industrial operation of the site, UP1
began reprocessing spent fuel from commercial natural uranium fuelled gas
cooled power reactors. These reactors were gradually phased out of production
and after reprocessing 18 600 metric tons of spent nuclear fuel the UP1 plant
itself was shut down at the end of 1997. The programme of decommissioning
the facilities and disposing of the radioactive waste was initiated at the
beginning of 1998. During its forty year service life, the UP1 plant was operated
for the CEA (including the Ministry of Defence), for EDF and for Cogéma on
behalf of its own clients.
I–4.3. Creation and mission of CODEM
In 1995 the French Ministries of Defence and Industry instructed three
entities, CEA, EDF and Cogéma, to set up a ‘customer structure’ to manage
the decommissioning operations following the shutdown of UP1. A joint
venture known as CODEM was created on 1 July 1996, with 45% owned by
CEA (including 40% on behalf of the Ministry of Defence), 45% by EDF and
10% by Cogéma on behalf of all the other clients served by the plant.
CODEM is the decision making, supervisory and funding entity for the
decommissioning operations. Its three primary objectives are to maintain
compliance with nuclear and environmental safety requirements, to ensure cost
control, and to make the best possible use of the available resources.
Cogéma, which had the human and technical resources necessary to
implement the programme, was named the prime contractor. Cogéma carries
out the engineering studies, performs or subcontracts the work and operates
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the necessary facilities while assuming the responsibility of being the nuclear
operating organization for the site.
The decommissioning operations cover three major programmes:
(1)
(2)
(3)

Final shutdown which consists of rinsing and decontaminating the UP1
plant and its supporting facilities,
Retrieval and repackaging of waste currently in on-site storage,
Dismantling and surveillance of the facilities.

I–4.4. Organization and financing of CODEM
Figure I–8 shows the industrial organization of the project and its
financing structure. CODEM is funded by its three members, 45% by the CEA,
45% by EDF and 10% by Cogéma.
As has already been stated, CODEM is the decision making, financial
and supervisory entity for the decommissioning operations. In this, CODEM is
supported by the customer assistance structure and carries out specific research
and development work on its own behalf.
Implementation of the programme is assigned by CODEM to Cogéma as
the prime contractor and the industrial and nuclear operating organization.
Cogéma is therefore responsible to the safety authority. In its prime contracting
role, Cogéma uses a number of subcontractors. Cogéma relies on ANDRA and
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FIG. I–8. Organization and financing of CODEM.
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SOCODEI for waste removal and disposal, and engages subcontractors for
specific tasks.
The relationship between the client, CODEM and the service provider,
Cogéma, was defined in an agreement signed on 12 February 1998. The work
was subdivided contractually into lots between CODEM and Cogéma under
the terms of ten operating contracts, fifteen equipment and works contracts, a
waste storage contract, and a design and management contract. The financial
responsibilities for each contract are specified based on UP1 production data.
Accordingly, each of the members of the joint venture is assigned financial
liability on the basis of the services received and the waste materials produced
during the plant’s operational phase. Cogéma in turn awards design and task
management contracts to a group of firms including SGN, EDF and Technicatome. Subcontracts for equipment and service providers are proposed for
tender by Cogéma under CODEM supervision.
CODEM’s managerial role is based on a comprehensive operating
scenario that defines the programme’s schedule and overall cost. The scenario
is revised annually and is based on a general waste survey with the operational
reference consisting of the fundamental documents with which CODEM and
Cogéma must ensure compliance.
As shown in Fig. I–9, work began on 1 January 1998. The final shutdown
programme predominates in the early years, from 1998 to 2002, after which it is
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FIG. I–9. The CODEM operating scenario.
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superseded by the surveillance and dismantling programme of the production
facilities from 2001 to 2011. The final shutdown and dismantling programmes
for the supporting facilities is implemented beginning in 2016.
The waste retrieval and repackaging programme also began with a few
limited operations in January 1998 and will become increasingly important over
the next decade. Its scope will shrink after 2016 until major work resumes in
2030 and is scheduled for completion by 2040. The total cost of the decommissioning project is € 5.6 billion, including 12.5% for the final shutdown
operations, 40.5% for dismantling and 47% for waste retrieval and repackaging, including a 15% project margin.
I–4.5. Description of the programme
The scope of the CODEM operations at Marcoule covers the UP1
reprocessing plant, the vitrification facility, and the liquid and solid waste
treatment units. The decommissioning operations are subdivided into three
main programmes.
I–4.5.1. Final shutdown of the UP1 plant and related facilities
The final shutdown operations include decontamination, firstly through
rinsing with various reagents, then through hands-on decontamination by the
operating organizations. During this phase, the UP1 reprocessing plant is in a
state very similar to its operating configuration. The main objectives of the
equipment decontamination phase are to:
(a)
(b)
(c)
(d)
(e)
(f)

Place the facilities in a safe condition;
Reduce the residual activity level in order to limit the committed occupational dose during the dismantling phase;
Reduce the need for heavy remote handling operations;
Diminish the source term;
Optimize subsequent waste management;
Reduce surveillance requirements.

I–4.5.2. Retrieval and reconditioning of on-site waste
This programme addresses the issues of recovery, characterization,
sorting, processing if necessary, repackaging and providing interim on-site
storage or transfer to a disposal site of a wide variety of waste generated during
40 years of operation of the UP1 plant. The principal waste forms include spent
fuel structural waste, vitrified fission product canisters, bituminized waste
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drums from the liquid waste treatment station, water treatment process waste,
and scrapped equipment produced during plant operation and maintenance.
The objectives of the programme are to transfer the waste to the ANDRA
disposal site as soon as possible in order to minimize interim storage requirements and to provide safe interim storage of the waste and residue pending
removal.
I–4.5.3. Dismantling and surveillance of plant facilities
This programme covers all the actions intended to reduce the surveillance
requirements by limiting the residual activity containment systems as much as
possible. It involves not only the reprocessing plant but also the supporting
facilities (liquid waste treatment, solid waste conditioning and interim storage),
as well as the equipment and facilities built for CODEM operations. The
objectives of the programme are to decommission the facilities by dismantling
processing equipment and treating residual hot spots to the level of an ‘installation on the environmental protection list’, eliminating radiologically
restricted access zones and setting up suitable surveillance provisions.
I–4.6. Final shutdown of the UP1 reprocessing plant
This phase concerns the spent fuel reception, interim storage and
decladding facilities (cooling pools, mechanical disassembly cells), as well as
the chemical processing facilities in UP1 designed to separate the actinides and
fission products and recover the uranium and plutonium.
Over 500 rooms and cells are involved, including 120 gloveboxes, with
1250 t of equipment to be removed from the building, 550 m3 of tanks to rinse
and 3500 m3 of pools to be drained. The total floor area of the buildings is
18 000 m2.
In anticipation of final shutdown operations at the beginning of 1998,
feasibility studies were undertaken in 1992. Equipment data were compiled
from mid-1993 to mid-1994 for preliminary design work in 1994 and 1995.
During the same period, research and development work was carried out on
decontamination products. Selected reagents were tested at the end of 1998 in
a representative tank at the Marcoule pilot reprocessing facility. The
development phase lasted from 1996 to mid-1997 and the preparatory work
carried out during the second half of 1997 allowed the actual decontamination
operations to begin in January 1998 for a five year period.
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I–4.6.1. Liquid and solid waste from the final shutdown operations
The waste generated during the final shutdown of UP1 is processed and
conditioned in the existing facilities, liquid waste in the liquid waste treatment
station and the Marcoule vitrification facility, and solid waste in the equipment
decontamination unit and the solid waste conditioning facility. These units will
continue to operate at normal rates throughout the final shutdown phase. The
waste produced during the final shutdown decontamination phase is processed
and conditioned separately for each waste category:
(a)
(b)

(c)

Waste suitable for surface disposal is conditioned on-line and transferred
to the ANDRA disposal site in northeastern France.
Waste containing appreciable amounts of plutonium is treated in the
same way as during the operating period of the plant. The most highly
radioactive waste, which represents only a small volume, is placed in
interim storage with the existing waste awaiting treatment under the
retrieval and repackaging programme.
Some waste with very low contamination levels is suitable for incineration or melting.

I–4.6.2. Processes and techniques
I–4.6.2.1. Rinsing
The processing equipment is rinsed with a variety of reagents. These
include conventional reagents such as nitric acid and sodium hydroxide, as well
as the specific reagents potassium permanganate in sodium hydroxide, tartaric
acid, hydrofluoric acid or cerium (IV) in nitric acid. Rinsing is repeated until
the residual plutonium content is less than 1 g and 37 GBq/m3 with the most
effective reagent.
All the liquid waste streams are neutralized, acidified and monitored.
Tartaric acid is decomposed by boiling in the presence of manganese;
potassium permanganate and cerium (IV) are neutralized with hydrogen
peroxide; the fluorine ions are complexed with aluminium.
Most of the resulting liquid waste is concentrated by evaporation (with
concentration factors ranging from 10 to 20) and transferred to the vitrification
facility where it is blended with the high level fission product solutions
produced by reprocessing. It is then calcined and vitrified. Blending minimizes
the number of glass canisters required while ensuring compliance with the
specified chemical element concentrations and maintaining the nuclear glass
containment quality. The remaining liquid waste is processed in the liquid
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waste treatment station by evaporation and co-precipitation, and the resulting
sludge is encapsulated in bitumen.
I–4.6.2.2. Solid waste treatment
All the solid waste is initially placed in standard waste packages:
(a)
(b)

118 L steel drums, concrete lined 223 L drums or 2800 L stainless steel
bins;
Stainless steel transport containers for waste to be decontaminated and/
or cut up in the equipment decontamination facility before being placed
in 2800 L bins.

Type A low level waste destined for the ANDRA surface disposal site is
grouted with cement inside 223 L drums or in 4 or 5 m3 steel or fibre cement
containers. Type B waste intended for the recently completed on-site multipurpose interim storage facility is conditioned in 218 L stainless steel drums
placed inside 380 L stainless steel overpacks with intermediate radiological
shielding. Type C vitrified waste is solidified in 150 L stainless steel canisters
and placed in interim storage at the vitrification facility.
The activity of each package is measured by counting based on typical
radionuclide spectra. The spectral characteristics are subject to change as the
decontamination operations progress and are systematically reassessed by
sampling and destructive measurements.
I–4.6.2.3. Nuclear measurements
The effectiveness of the rinsing and mechanical decontamination
operations is assessed by conventional non-destructive methods such as dose
rate measurements by gamma detectors or by passive neutron counting. More
sophisticated methods are also used:
(a)
(b)
(c)
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Active neutron scanning to determine the quantity of residual plutonium
in processing equipment such as the dissolvers,
Gamma cameras to identify the most highly active zones,
In situ object characterization system (ISOCS) measurements to
determine the quantity of residual plutonium in the equipment on the
plutonium line and the gamma emission spectra.

I–4.6.2.4. Remote operation and robotics
Remote operating techniques are implemented using commercially
available equipment qualified by the CEA and specialized firms, including
Brokk carriers and arms, SAMM dexterous arms, and telescoping masts. Five
remotely operated devices are used:
(a)
(b)
(c)

Three ground units with Brokk carriers, including one with a SAMM arm;
An underwater unit to clean spent fuel pools consisting of a carriage, a
telescoping mast and a SAMM arm;
An aerial unit with a SAMM arm on a telescoping mast suspended from a
rail-mounted carriage.

I–4.7. Conclusions
The UP1 decommissioning programme has now been going on for more
than four years and is progressing well. Priority is given to ensuring optimum
safety conditions and minimizing personnel dose exposure. These objectives
are achieved by the designation of a single, responsible operating organization
with long standing safety experience.
The organization set up for this programme is designed to separate the
interests of the client, CODEM, from those of the service providers in order to
ensure cost effective and technically viable solutions. The organization is
funded under a multi-year financing plan.
The technical tasks have been fully identified, and generally correspond
to known operations that have been carried out in the past. The necessary
technology is generally available, including chemical engineering, mechanical
equipment and robotics, and has already been implemented in a nuclear
environment.
The final disposal routes for the solid waste removed from the site will be
fully defined as soon as the relevant statutory requirements are published.
These arrangements will cover very low level waste as well as medium and high
level waste under the terms of the 1991 radwaste management law.
Arrangements have been put in place to benefit from the experience
gained on this project, which is the largest of its kind carried out to date in
France. The data obtained from this programme will provide a sound basis for
the economic and technical assessments required for future decommissioning
programmes.
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I–5. THE TRANSITION PERIOD IN GERMAN NUCLEAR REACTORS
I–5.1. Introduction: Overview of installations
The following summarizes the status of German nuclear installations at
the end of the year 2001:
(a)

(b)

(c)

Nineteen commercial NPPs were in operation and contributed up to a
third of overall electricity production in Germany. In addition, some
research reactors and a few fuel cycle installations were in operation.
Sixteen NPPs and prototype reactors, 11 larger research reactors,
18 smaller research reactors and critical assemblies as well as 6 fuel cycle
facilities were permanently shut down.
Two of the 16 power reactors, 18 research reactors and critical assemblies
and one of the fuel cycle facilities have already been decommissioned.
The sites of these two power reactors (KKN Niederaichbach and HDR
Grosswelzheim) were cleared and restored to green field condition. Two
of the power reactors and three research reactors are in SE. At the other
installations dismantling is in progress with the aim of reaching green
field conditions in most cases.

I–5.2. Licensing requirements
The German Atomic Energy Act (Atomgesetz, AtG) is the basis for
regulation of any nuclear activity. Requirements for radiation protection
measures are laid down in the Radiation Protection Ordinance (Strahlenschutzverordnung, StrlSchV) and licensing procedures are defined in the
Nuclear Licensing Procedure Ordinance (Atomrechtliche Verfahrensverordnung, AtVfV).
According to the Atomic Energy Act, the competent regulatory authority
for licensing and supervision lies with the federal state (Land) in which the
nuclear installation is located. The Federal Ministry for the Environment,
Nature Conservation and Nuclear Safety (Bundesministerium für Umwelt,
Naturschutz und Reaktorsicherheit, BMU) has a supervisory function and may
give directives to the state authorities. The subordinate ordinances to the
Atomic Energy Act, especially the StrlSchV and the AtVfV, apply to the
construction and operation of NPPs, as well as to decommissioning. Because
the regulatory framework, as well as guides and safety standards, are mainly
oriented towards construction and operation they have to be applied in the
same way for the transition and decommissioning phases. In order to give
guidance on the currently applicable regulatory framework regarding decom-
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missioning the Guide to the Decommissioning of Facilities as defined in
Section 7 of the Atomic Energy Act was issued in June 1996 and is currently
being revised. The submission of a preliminary decommissioning plan (feasibility study, estimation of waste, etc.) is a precondition for granting an
operating licence. The decommissioning plan must be revised every five years.
Section 7 of the Atomic Energy Act is the basis for construction,
operation and decommissioning of nuclear installations. A separate licence is
required for each step in a plant’s life: construction, operation, decommissioning, SE and dismantling. Section 7 para. 3 of the AtG states: “The decommissioning of an installation as defined in para. 1 as well as the SE of a finally
decommissioned installation or parts thereof shall require a licence”. Among
many other things, a licence defines the scope of the operations and procedures
it permits. The prerequisites for obtaining a decommissioning licence are
essentially the same as for construction and operation of NPPs and have to be
applied as appropriate:
(a)
(b)
(c)
(d)
(e)
(f)

Reliability and professional qualification of responsible personnel;
Required qualification and knowledge of all other personnel;
Precautions against damage resulting from decommissioning activities,
reflecting the current status of science and technology;
Financial provisions (insurance) for liability;
Physical protection from third party actions;
Environmental considerations.

It should be noted that public involvement is part of the licensing
procedure for awarding decommissioning licences but is not required for
amendment of existing operating licences.
I–5.3. Decommissioning strategy
Under the Atomic Energy Act the choice of decommissioning strategy
and when to apply for a decommissioning licence is left to the licensee.
Generally, the strategies of immediate or deferred dismantling are both
considered viable in Germany and both have been chosen in the past.
Decisions for deferred dismantling were taken mainly for financial reasons.
Nevertheless, some decommissioning activities are necessary immediately after
reactor shutdown to ensure appropriate conditions for SE. The majority of the
licensees decided in favour of immediate dismantling of the entire plant
including the setting up of plans for future restoration of the site.
Usually the entire decommissioning process will be divided into several
project phases with application for and granting of individual licences. It has
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been proven advantageous for both the licensee and the regulatory body to
initially apply for a licence covering deregulation of operational procedures, in
particular a reduction of the requirements for control room staff, suspension of
regular testing and inspection of operational safety equipment, etc.
The goal of decommissioning is to clear (release) the site with no restrictions because of radiological hazards, with the remaining buildings either being
used for other purposes or completely restored to green field status, allowing
the site to be used for other purposes as defined in the land development plan.
Decommissioning can also be considered complete if the remaining plant
structures are used as a nuclear facility under a new licence.
I–5.4. The post-operational phase (transition period)
The transition period from final shutdown to the start of dismantling
(decommissioning) is termed the ‘post-operational phase’ in Germany. This
indicates that this phase in a plant’s life is still governed by the operating
licence. In the post-operational phase, which may last up to around 3 years for
a larger NPP, the following work may be carried out:
(a)

(b)
(c)

(d)

(e)
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The fuel elements are unloaded and transported from the reactor to an
on-site or a centralized storage facility. In Germany, centralized fuel
element storage facilities are available at Gorleben and Ahaus. However,
an agreement has been reached between the German power utilities and
the Federal Government that fuel element storage facilities will be
constructed at the sites of all NPPs. The licensing procedures for this are
in progress. It should be noted that for high temperature reactors with a
pebble bed core (AVR and THTR) the unloading of all the fuel elements
is not a requirement of the operating licence. Unloading of the cores of
those two reactors was only possible after the first decommissioning
licence had been granted.
The operating wastes are removed from the plants and sent for conditioning.
The circuits are drained. In most cases this is followed by decontamination of the circuits in order to reduce the dose rates for subsequent
dismantling work (as part of the decommissioning licence).
Systems and equipment which the regulatory authorities have agreed are
no longer required are taken out of operation. This helps to reduce costs
and staffing requirements.
The decommissioning strategy is defined and the first stages of decommissioning are planned in detail. All documents needed to apply for the
first decommissioning licence are prepared. The operating organizations

(f)

usually plan the licensing procedure in such a way that granting of the
decommissioning licence coincides with the end of the post-operational
phase. However, this cannot always be achieved in practice.
Dismantling work can only commence after the decommissioning licence
has been granted. However, some German federal states have issued
amendments to existing operating licences in order to allow partial
dismantling of specific systems before the comprehensive decommissioning licence is issued.

It should be noted that the plant owner retains responsibility during the
entire post-operational and decommissioning phases, until the plant has been
dismantled and the site has been cleared. This means that the personnel who
operated the plant usually plan the decommissioning phase.
I–5.5. Case studies
This section deals with the post-operational phase of various plants. A
great deal of additional information is available on the subsequent decommissioning phases but is omitted here because it is outside the scope of this report.
I–5.5.1. Würgassen NPP (KWW)
The NPP at Würgassen belongs to E.ON Kernkraft GmbH. It operated
until 1995 and received its first decommissioning licence in April 1997. The
post-operational phase lasted about two years. During this period the operating
licence remained in force and the following work was carried out:
(a)
(b)

(c)

General preparations for decommissioning began.
All irradiated fuel elements were removed from the site and transported
to a central storage facility (Fig. I–10). This reduced the radioactive
inventory of the plant by over 99%.
The cooling towers were demolished (Fig. I–11). This was possible
because they did not belong to the nuclear part of the facility, i.e. they
were not included in the plant’s nuclear licence. Therefore it was not
necessary to obtain a licence according to Section 7 para. 3 of the Atomic
Energy Act for this work. The rubble (21 500 t) was recycled on the site or
in road construction, the 600 t of reinforced steel was recycled by melting.
Because the cooling towers had not been part of the nuclear facility it was
not necessary to clear this material.
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FIG. I–10. Removal of irradiated fuel elements from the core of the Würgassen NPP.

FIG. I–11. Demolition of the cooling towers of the Würgassen NPP.
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Planning carried out during the post-operational phase revealed that
direct dismantling would be more desirable than SE. This also helped to
maintain employment levels and the NPP continued its role as a major
employer in a region which lacks a strong infrastructure. As shown in Fig. I–12,
during the post-operational phase the number of plant staff gradually dropped
from around 330 (during operation) to below 200 at the beginning of decommissioning. During decommissioning it has increased to between 450 and 500,
about 130 E.ON Kernkraft GmbH employees and the rest contractors [I–1].
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A significant amount of information was made available to the public in
the area around the Würgassen NPP during the post-operational phase. An
exhibition about the decommissioning of NPPs was developed and placed in
the visitor centre on the site. New information leaflets and CD-ROMs were
used to keep all those interested informed of the progress of the decommissioning.
I–5.5.2. Lingen NPP
The NPP at Lingen was a 240 MW(e) BWR with a fossil fuel fired super
heater. Construction commenced in late 1964 and the plant operated between
1968 and 1977. The plant was shut down in January 1977 because of technical
problems with the steam to steam heat exchangers. Technical improvements to
the plant as well as its conversion to a conventional power plant were investigated but not considered to be feasible.
In June 1983 a licence for the establishment and operation of an SE was
applied for. This was granted in November 1985. The Lingen NPP has been in
an SE state since 1988 with a planned duration of 25 years.
The post-operational period lasted from final shutdown in 1977 to the
issuing of the first decommissioning licence in 1985. During this time, the
following work was carried out:
(a)
(b)
(c)

(d)

(e)

(f)

(g)
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Unloading of the fuel elements was approved under the operating licence
and lasted from 1981 to 1983.
Various installations were reduced in size or dismantled, including
evaporator plant and control gas systems.
Highly radioactive parts such as control rods, fuel channels etc. that were
activated during the operation of the reactor were placed in the reactor
pressure vessel for storage during the SE. Other components with less
activity were stored in the fuel storage pool or the steam separator pool.
As it was planned to maintain the SE without low pressure in the
buildings, leakage from the entire building complex designated for the SE
was measured. The reactor containment was proven to be airtight.
The contamination was characterized and 60Co was identified as the
dominant nuclide. In the activated biological shield the most
predominant nuclides are 152Eu, 60Co, 154Eu and 134Cs.
After the removal of all stored components the fuel storage pond was
drained, cleaned and decontaminated in 1984. The primary circuit was
drained and dried between 1984 and 1987.
The ventilation system that had been used during the operational phase
was switched off (which also ended the ventilation of the primary loop).

A new ventilation system for the SE period was installed and put into
operation in 1987. Redundant openings in the buildings were sealed.
The plant employed approximately 160 people during operation. This
increased to over 200 during preparation of the SE (1985–1987) and then
decreased rapidly to a few people in 1988. Any necessary work in the plant is
carried out by contractors.
I–5.5.3. Greifswald NPP
The NPP at Lubmin near the city of Greifswald consisted of five
operational Soviet type WWER PWRs (one in trial operation) plus 3 reactors
which were under construction when the decision for final shutdown was taken
in 1990. The post-operational phase lasted from 1990 to 1995. The first decommissioning licence was issued in June 1995.
During the post-operational phase one of the major tasks was to develop
a decommissioning plan because the final shutdown of the plant was unplanned
and there was little experience in the decommissioning of WWER type
reactors. This was complicated by the difficult transition from regulation under
the laws of the former German Democratic Republic to the Atomic Energy
Act of the Federal Republic of Germany. In developing the decommissioning
concept, the following points had to be taken into consideration [I–2]:
(a)
(b)

(c)
(d)
(e)
(f)
(g)

Planning the application for a decommissioning licence;
Maintaining the necessary functions of the remaining operations to
achieve the planned objectives, i.e.
— Ensuring that the fuel is not in a critical condition,
— Removing the radioactive decay heat from the fuel,
— Maintaining radiation protection standards,
— Safeguarding all residual radioactive materials;
Providing storage capacity for the fuel and radioactive wastes removed
from the plant;
Reducing the operating expenditures for the plant;
Minimizing radiation exposure to the staff at the plant and to the
environment during the dismantling;
Considering plant specific features influencing the dismantling;
Minimizing radioactive wastes during dismantling and safe storage of the
wastes.

This resulted in the following tasks having to be carried out during the
post-operational phase:
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(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Monitoring of the nuclear facilities using a three shift system;
Environmental surveillance;
Security of the NPP;
Handling, transportation and storage of fuel elements;
Conditioning of radioactive operational (and decommissioning) wastes;
Preparation and use of tools and techniques, including remotely operated
equipment, for the dismantling and disassembly of plant components;
Application of decontamination techniques;
Development of procedures for clearance of material;
Establishment of a mass and activity inventory.

Construction of a storage facility (Zwischenlager Nord) on the site of the
Greifswald NPP enabled most of these tasks to be completed and the
dismantling of the plant to be separated from the further segmentation and
waste conditioning. This is being done on-site and hence does not impair the
dismantling. It also enables the dry storage of spent fuel.
I–5.5.4. Gundremmingen NPP
Unit A of the Gundremmingen NPP was built between 1962 and 1966 as
the first of three demonstrator NPPs in Germany. It had a BWR rated at
250 MW(e) and operated between 1966 and 1977. In January 1977 it was taken
out of operation after an incident. The decision to decommission it was taken in
1980 because of the high costs for required repair and upgrading and because
the construction of units B and C with 1300 MW(e) was progressing well.
The post-operational phase lasted from 1980 to 1983 when the decommissioning licence was granted and decommissioning work began with dismantling
in the turbine hall. The post-operational phase was also used for detailed
planning of the decommissioning (as well as for removal of spent fuel,
operational wastes, etc.). This proved that decommissioning could be done:
(a)
(b)
(c)
(d)
(e)

Without a long period of time in SE,
On a reasonable economic basis,
With low doses to the personnel,
With negligible release of radioactivity to the environment,
With little secondary waste.

During the post-operational phase (as well as during decommissioning) it
was advantageous to have the infrastructure and the logistics available from the
two other operating reactors at the site.
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I–5.5.5. Karlsruhe FR2 reactor
The Karlsruhe FR2 reactor was a research reactor with 44 MW(th)
located at the Karlsruhe research centre. Its final shutdown took place in
December 1981. It was decided to put the plant into SE after partial
dismantling.
During the post-operational phase some work towards dismantling and
SE was permitted under amendments to the existing operating licence. This
work included:
(a)
(b)
(c)
(d)
(e)
(f)

Removal of fuel elements from the core,
Removal of the primary coolant D2O for further use at other nuclear
facilities,
Shutdown of a number of auxiliary and control systems,
Draining of other circuits and systems,
Sealing of openings,
Simplification of systems that had to be kept operational.

Further work was only permitted after granting of the first decommissioning licence on the basis of Section 7 para. 3 AtG. A sequence of six decommissioning licences led to the current state where only the reactor itself is in a
condition of SE, some buildings have been dismantled and the reactor building
is accessible. Final dismantling is planned for no earlier than 2015. The first
plans need to be presented in 2010.
I–5.5.6. Special cases
(a)

(b)

Karlsruhe research reactor:
The research reactor (Mehrzweckforschungsreaktor (MZFR)) at the
Karlsruhe research centre was a 200 MW(th) (50 MW(e)) pressurized
heavy water reactor which was operated between 1966 and 1984. It was
not possible to drain and dry the heavy water systems (outside and inside
the reactor building) before the first of a series of decommissioning
licences had been granted. In this case, the licences will be issued as a
series of eight sublicences for each step of the process until green field
conditions are achieved. [I–3].
Jülich reactor:
This 15 MW(e) reactor, the Arbeitsgemeinschaft Versuchsreaktor, Jülich
(AVR) was a high temperature helium cooled reactor with spherical fuel
elements (pebble bed). This experimental reactor operated between 1967
and 1988. After final shutdown it was decided to place the plant in SE.
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The licence for decommissioning, unloading of the reactor core,
dismantling of components and SE was granted in March 1994.
Complete defuelling had not been an operational procedure. Therefore it
was not possible to remove the approximately 130 000 fuel elements
under the operating licence and defuelling had to be part of the first
decommissioning licence. (This also applied to the THTR 300 at HammUentrop which was a 308 MW(e) pebble bed high temperature reactor.)
Because of the experimental character of the AVR the importance of the
personnel’s good knowledge of the plant and its operating history was
considered very important in the planning for decommissioning.
Therefore it was regarded as better to dismantle the plant without an SE
period. A new licence will be required for dismantling.
I–5.5.7. Conclusions
The cases presented in this section demonstrate that the scope of work
during the transition period or the post-operational phase in Germany is
determined by the content of the operating licence. As this transition period is
covered by the operating licence it is not possible to do any work which is
specific to decommissioning. Examples of work which can be done include:
(a)
(b)
(c)
(d)
(e)

Planning for decommissioning (usually in great detail for the first stages
of decommissioning and in less detail for later steps),
Unloading of fuel elements,
Removal and conditioning of waste,
Minor dismantling work,
Rationalization of systems.

I–6. THE TRANSITION PERIOD IN ITALY
I–6.1. Introduction
The transition phase between plant operation and decommissioning in
Italy can be divided into two periods:
(1)
(2)
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Following a moratorium on the use of nuclear power that started with a
referendum following the Chernobyl accident.
The time period since July 1990 when the Government decided to close
the remaining operating NPPs, the 270 MW(e) PWR at Trino and the

860 MW(e) BWR at Caorso. The other two Italian plants, Latina and
Garigliano, had already been closed.
All the NPPs were owned and operated by the state owned ENEL
Company, the National Electricity Board. During the moratorium the NPPs
were put into a ‘cold shutdown’ condition and long term preservation of
systems was carried out. To save costs, only reversible actions and checks on
‘out of service’ systems were carried out. All these actions were carried out
under the current operating licences with formal documents and procedures
from the operating handbook as approved by the Control Authority.
The plants retained the same organization as during operation, with
almost the same number of staff. Staff competencies were preserved in
readiness for a restart. However, most of the people were working on modifications required to put the plants into a state of long term preservation.
A period of major reorganization followed the Government’s decision to
close the plants. This included reductions in the number of staff employed,
changes in the decommissioning strategy, reorganization of the company’s
structure and implementation of changes to the laws pertaining to nuclear
energy.
The previous nuclear regulatory law (DPR3 185 of 1964) did not provide
a clear legislative framework for decommissioning, making it difficult to plan
for. Such a framework was put in place in 1996 when a new law (230/95) was
issued. This law embodied a number of recent Euratom directives concerning
radiation protection of workers and the population. The law was implemented
in 2000 (241/00).
This change in the law created delays in decommissioning activities due to
the need to review documents required by the authorities for issuance of
decommissioning licences. A change of decommissioning strategy from
safestore to ‘immediate’ dismantling, i.e. dismantling in a single stage as
opposed to deferred dismantling after a number of years of safestore, caused
further delays. This new decommissioning strategy was set down in Ministry of
Industry guidelines of December 1999 and was put into law by a Ministry of
Industry decree in May 2001. The decree stated that:
(a)
(b)

The four Italian NPPs would be decommissioned by 2020.
A national repository for irradiated fuel and radioactive wastes would be
operational at the beginning of 2009 (the site would be chosen by 2005).

3

DPR: Decree of the President of the Republic.
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(c)
(d)

Wastes arising from past operation of the NPPs would be treated/
conditioned by 2010.
Spent fuel would not be reprocessed. Fuel assemblies would be stored in
dry dual purpose casks and temporarily stored at the NPP sites awaiting
transfer to the national repository. Only a small amount of fuel would be
sent for reprocessing under existing contracts.

In March 1999 a new legal requirement for competition in the Italian
electricity market was imposed. At the same time ENEL was restructured and
transformed into a holding company with a number of independent subsidiary
companies. At the end of 1999 all aspects of nuclear energy (production,
research, etc.) were brought together in a company called SOGIN (Nuclear
Facilities Management Company). The mission of this new company is to:
(1)
(2)
(3)
(4)
(5)

Manage the post-operation activities of the four Italian NPPs;
Plan and manage the decommissioning of the NPPs in accordance with
the new strategy;
Manage the end of spent fuel reprocessing;
Manage the restoration and reutilization of the NPP sites;
Develop business activities in national and international markets (nuclear
services abroad, environmental studies, etc.) by using past operational
and newly acquired decommissioning experience.

In November 2000 responsibility for SOGIN was transferred to the
national treasury, while ENEL followed a path to privatization. SOGIN is a
joint stock company but all the stock belongs to the treasury. SOGIN employs
about 600 people, 200 at its headquarters and 400 at the NPPs.
To enable SOGIN to carry out its activities, funds which had been
reserved for dismantling activities at NPPs were transferred to it from ENEL.
SOGIN also benefits from a government contribution taken from electricity
charges to all customers.
I–6.2. Redeployment of redundant personnel
As a state owned organization, ENEL made every effort to employ
personnel displaced from the NPPs in other areas of its business, e.g. in conventional plants, research laboratories, training schools and the distribution
organization:
(a)
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Transfer requests to neighbouring conventional plants were approved.
Transfer was easier for operations and maintenance department

(b)
(c)

personnel who have transferable skills. For example, three thermoelectric
plants were in operation near Caorso, and a new conventional plant had
been constructed near Trino. Many operations department staff were
employed at these conventional plants.
An early retirement scheme was also provided for staff.
Some staff were given new and different assignments either at the NPP or
elsewhere, but within the ENEL organization. These new functions
differed from their normal duties but utilized their existing skills.

This situation entailed a more flexible concept of the workplace.
Individuals were not constrained by their former roles but allowed more
flexibility to apply their knowledge, experience and skills.
These efforts were discussed and developed in conjunction with the trade
unions. Therefore ENEL retained a greater number of employees in the plants
than strictly required for routine NPP activities.
Staff morale is very important during the transition phase. The
uncertainty resulting from a decision to permanently shut down or from the
decommissioning strategy after closure is extremely frustrating for plant staff
and can threaten morale. This can lead to a loss of qualified people and
‘historical memory’. Personnel remaining at the plant have to change their
mentality when they are faced with the reality that they are dismantling what
they had constructed and managed until a few days before.
Experience has shown that there were fewer problems motivating the
chemical and health physics and maintenance departments than the operations
department. In fact, chemical and health physics department personnel could
be involved in many ‘new’ activities such as plant radiological characterization
campaigns, waste treatment, conditioning, and radiological characterization.
The decrease in regular maintenance activities allowed maintenance
department personnel to be assigned to dismantling or system retirement and
reconfiguration activities.
Greater difficulty was found in motivating operations department
personnel. The reassignment of shift workers to ordinary working groups, for
example, is difficult, inasmuch as they know that shifts will be reduced or
eliminated in the near future. Only a few highly specialized people such as shift
supervisors or some reactor desk operators can be involved in the ‘new’ predecommissioning activities.
The creation of mixed working groups or teams in which experienced
staff with knowledge of the NPP work together with new staff who have less
difficulty with the new objective of dismantling the plant can be a good
approach to solving the motivational issues. For example shift supervisors and/
or maintenance staff can be moved from their original department to new ones
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which include new resources. Together they can then plan the future predecommissioning activities.
I–6.3. Experience of the Caorso and Trino NPPs
The Caorso NPP, in northern Italy on the River Po about 80 km southeast
of Milan, is an 882 MW(e) General Electric BWR reactor. It started
commercial service in December 1981 and was shut down at the end of its
fourth fuelling cycle on 25 October 1985 after a total electricity production of
about 29 000 GW·h. All the fuel (1032 fuel bundles) is stored in the plant’s fuel
pool. The plant’s staff currently numbers about 170 people.
The Trino NPP, also in northern Italy by the Po River, is a 270 MW(e)
Westinghouse PWR. It entered service in January 1965 and was shut down at
the end of its ninth fuel cycle on 21 March 1987 after a total electricity
production of about 25 000 GW·h. There are still 47 irradiated fuel elements in
the pool. The Trino NPP has a staff of about 90 people.
Plant personnel were engaged in the design and planning of many of the
activities which had to be performed following the decision to close the NPP.
Many systems were no longer necessary after shutdown, particularly after
defuelling, including uncontaminated systems and systems not coming under
the technical requirements of the operating licence. Such systems were retired
after drainage of the fluids contained in them (water, oil, etc.), their electric
segregation and the removal of hazardous materials such as asbestos (see
Section I–6.3.3). The aims of this were to:
(a)
(b)
(c)

Reduce the risks from hazardous materials;
Reduce operating and maintenance costs (e.g. power and fuel
consumption, surveillance, maintenance, etc.);
Allow requalification and retraining of personnel to new duties.

Other actions were taken on systems that were still needed for future
decommissioning activities after shutdown but were ‘over-specified’ for their
future functions and too costly to operate and maintain in their old configurations (see Section I–6.3.2).
Other actions which can be taken ahead of the main decommissioning
activities could be the decontamination of some systems, mainly the primary
system (with the aim of dose reduction during routine inspections), dismantling
of new components and asbestos removal. Any resalable/valuable materials
can be disposed of (see Section I–6.3.3). It should be pointed out that these
activities come under the scope of the operating licence and are mainly done as
‘plant modifications’. However, they have to conform to the operating
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procedures and always be carried out under the supervision of the control
authority as a decommissioning licence is not in force.
I–6.3.1. Reduction of conventional and radiological hazards
The number of conventional and radiological hazards has been reduced
through the following:
(a)
(b)
(c)
(d)
(e)
(f)

Identification of the nature and quantity of conventional and radiological
hazards present in the plant;
Classification of significant hazards;
Identification of those actions necessary to eliminate or reduce hazards;
Identification of those plant systems still required to maintain safety;
Estimation of the time needed and the cost of modifications, either in
absolute terms or through costs–benefit analysis;
Implementation of the modifications.

The activities described below originated from the above mentioned
analyses.
I–6.3.1.1. Reduction of fire hazard and risk of uncontrolled release of toxic
substances
(a)
(b)
(c)
(d)
(e)
(f)
(g)

Removal of all the turbine lubricating oils together with the storage
tanks;
Removal of the main transformers and the oil contained in them;
Removal of all the transformers containing PCB;
Removal of the antifreeze, lubricating oil and fire fighting foam from the
emergency diesels (Trino NPP);
Reduction of diesel fuel stocks (Trino NPP);
Removal of asbestos and rock wool from the conventional zone of the
plant, and decontamination;
Removal of asbestos and rock wool (Fig. I–13) from the controlled zone
of the plant, and decontamination.

I–6.3.1.2. Reduction of the radiological risk
(a)
(b)

Radiological characterization of all the plant systems;
Characterization of all the drums present in the plant by γ spectrometry
and other techniques with appropriate scaling factors (Fig. I–14);
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FIG. I–13. Asbestos removal at the Trino NPP.

FIG. I–14. Drum radiological characterization at the Trino NPP.
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(c)
(d)
(e)
(f)

Rationalization of all drums in the storage building to free space and
facilitate inspection (Fig. I–15);
Identification and classification of all radioactive waste within the plant;
Transfer, where possible, of all radioactive waste into drums;
Maintenance of all the systems and plant buildings necessary for nuclear
security and radiological containment to maintain the efficiency and
reliability of the equipment and to avoid degradation of the components
and structures.

I–6.3.2. Reduction of operating costs
All systems have been reviewed and classified into the following
categories:
(a)
(b)
(c)

Systems which must carry out their principal function;
Systems which have a radiological containment function;
Systems connected to those which have a radiological containment
function;

FIG. I–15. Revised drum storage arrangements at the Trino NPP.
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(d)
(e)

Support systems;
Systems with no future function.

The power consumption, fuel and maintenance costs of the first four
groups have been analysed, taking into account the safety requirements of the
plant. As a result it is evident that some costs can be reduced or avoided by
making small changes or modifications. The following improvements were
identified:
(1)

Modifying the heating system to meet the new requirements by replacing
the old boiler with two new, cheaper and more versatile ones (Trino);
(2) Modifying some systems to meet the requirements of the new plant
configuration, e.g. a reduction in the consumption of water by the plant
allowed changes to be made to the pump operation, saving energy
(Trino);
(3) Reconfiguring the power supplies to maintain enough power for safety, as
well as some electrical appliances (Trino);
(4) Reducing the running time of the containment ventilation system (Trino);
(5) Demolition of the weather station and replacing it with the Minisodar,
bringing a reduction in the maintenance costs of the weather station as
extraordinary maintenance would have been necessary to the 40 year old
weather station (Trino);
(6) Removal of the nitrogen atmosphere from the tanks in the controlled
zone, eliminating some operating and maintenance costs (Trino);
(7) Reduction in the running time of the ventilation fan in the auxiliary (non
controlled zone) and turbine building (Caorso);
(8) Optimizing the service water systems and reducing their operating time
(Caorso);
(9) Rationalizing the operation (light intensity and operating time) of the
external and internal lighting in plant areas (Caorso);
(10) Rationalizing the temperature of the plant ventilation systems (Caorso).
Some systems which will have no function in the future have either been
retained in order to maintain their structural integrity or dismantled, e.g.
(i)

Demolition of some buildings with a consequent reduction in air conditioning costs;
(ii) Electrical isolation and dismantling of systems in the turbine building;
(iii) Shutting down of many systems with a consequent reduction in
maintenance operations, allowing personnel to be transferred to
dismantling activities.
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As a result of the changes outlined above, electricity consumption at
Caorso fell at the rate shown in Fig. I–16 (The trend at Trino is shown in Fig. 5
of the main text).
The above changes led to a 20% reduction in the Trino NPP’s annual
operating costs. The cost of the modifications was amortised over one year. The
total benefit of these changes is estimated at approximately € 8 million over
10 years. The revision of Trino’s emergency plan enabled a reduction in both
the internal and external resources required to support it.
I–6.3.3. Removal and sale of components
The following equipment was able to be removed from the NPPs:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

Trino: main 3 kV diesel generators that supplied the emergency core
cooling system;
Trino: metal and plastic contained in the cooling towers;
Trino: main transformers;
Trino: other items not necessary for the safety of the plant;
Caorso: main generator;
Caorso: the turbine building’s closed cooling water system;
Caorso: main transformers and bus way.

A total of 295 unused and new fuel elements were sold. This included
both the fuel that had never been put into the reactor and the fuel that had
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FIG. I–16. Electricity consumption trend at the Caorso NPP.
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been put into the reactor but never irradiated (this was decontaminated prior
to sale) (Fig. I–17).
At Trino the spare control rods were dismantled in the NPP’s workshop
(Fig. I–18). The Ag, In, Cd alloy was sold after dismantling. The aluminium and
copper from the main transformers and associated electric bars were also sold
(Figs. I–19).

FIG. I–17. Fresh fuel decontamination for shipping from the Trino NPP.
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FIG. I–18. Disassembling of spare control rods at the Trino NPP to extract the Ag, In
and Cd alloys.

FIG. I–19. Aluminium sold from electric bars at the Trino NPP.
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I–6.3.4. Reduction and requalification of personnel
As ENEL owned the Caorso and Trino NPPs at the time of the CIPE
resolution some workers were transferred to other plants at their own request.
The remaining workers began discharging the fuel. Figure I–20 shows the
number of employees at Trino over this period of time; Figure I–21 shows the
same for the Caorso NPP.
Some workers faced the difficult reality of dismantling what they had
constructed, and until recently managed. This called for a change in mentality.
Moreover some people were still obliged to continue working shifts. To make
the most of their abilities in preparing the necessary documentation to obtain
authorization for the dismantling (and the above mentioned modifications), an
early objective was to reduce to the legal minimum the number of people
working shifts. Most of those who were taken off shifts have been found other
work within the plant but some have been retrained to fulfil new staff needs.
The decommissioning of equipment no longer required for the safety of
the plant, thereby reducing costs, has encouraged a change in approach by
personnel, bringing to the fore new realities. Moreover, preparation of the
documentation has in itself refocused the personnel involved and their abilities
are now very useful for the continuing dismantling activities. Other areas of
staff activity are described below.
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FIG. I–20. Staff numbers at the Trino NPP.
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2001

(a)

Chemistry and health physics department staff
(1)

Some staff have been used to provide radiological protection
support to conventional plants which have instruments containing
radioactive sources such as smoke detectors, instruments for
measuring atmospheric dust, and gas chromatograph instruments in
chemical laboratories (Caorso).
A calibration centre for radiological instruments, which is a member
of Italy’s calibration service, has been developed at the Caorso NPP.
All the radiological instruments of the four Italian NPPs are now
calibrated here and the centre provides services to external
customers.
The staff perform whole body monitoring for local universities and
other firms.
A radiological characterization model of the plant is being
developed as an integral part of the planning for further dismantling.
The staff characterize and treat radioactive wastes produced during
the operating period (for example by supercompaction).

(2)

(3)
(4)

(5)
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FIG. I–21. Staff numbers at the Caorso NPP.

119

(b)

Maintenance department staff

The company created working teams of specialists operating in all its
NPPs. For example teams of mechanics from the Caorso NPP retrieved waste
from tanks at the Garigliano NPP; others worked on the retirement of systems
or reconfiguration at Trino.
(c)

Operations department staff

Operations department staff provided technical advice abroad. Staff from
Caorso and Trino supported the startup of the Laguna Verde NPP in Mexico
which is a BWR similar to Caorso. The department staff also supported
technical staff in planning decommissioning activities.
I–6.4. Conclusions
The transition phase between operation and decommissioning in Italy
revealed considerable uncertainties in both the timescale and the strategy.
Nevertheless several activities carried out within the scope of the technical
requirements and the operating licence have been carried out satisfactorily.
Their main objectives were risk reduction, removal of dangerous substances,
reduction of operating and maintenance costs, personnel training for future
decommissioning activities and accurate radiological characterization of the
plant and operating waste. All these activities have contributed to maintaining
job motivation and took advantage of the facility’s operational resources and
personnel knowledge before they were lost. During the transition period some
specific problems, e.g. implementation of new methods for radiochemical
analysis and dismantling of special components, have been tackled and solved.

I–7. POST-SHUTDOWN ACTIVITIES AT KOREA RESEARCH
REACTORS 1 AND 2, REPUBLIC OF KOREA
I–7.1. Introduction
Korea Research Reactor 1 (KRR-1) and Korea Research Reactor 2
(KRR-2) were both shut down in 1995. Korea Research Reactor 1, the first
research reactor in the Republic of Korea, had been in operation since 1962,
and KRR-2 since 1972. A new and more powerful research reactor, the highflux advanced neutron application reactor (HANARO) is now in operation at
the Korea Atomic Energy Research Institute (KAERI) in Daejon. Both
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KRR-1 and KRR-2 are self-contained open pool TRIGA type reactors
situated in tanks filled with cooling water. Korea Research Reactor 1 is a
TRIGA Mark II which first went critical in May 1962 and could operate at
power levels of up to 250 kW. Korea Research Reactor 2 is a TRIGA Mark III
which could operate at power levels up to 2 MW.
The KRR-1 and KRR-2 decontamination and decommissioning (D&D)
project commenced in January 1997 and is scheduled to be completed in 2008
when a repository for the disposal of low and intermediate level waste will be in
operation. The Korea Atomic Energy Research Institute, the owner of KRR-1
and KRR-2, submitted the decommissioning plan and environmental impact
assessment report to the Ministry of Science and Technology (MOST) for a
decommissioning licence in December 1998. This was approved in November
2000 after long consultation and debate by the Radiation Protection SubCommittee on Nuclear Safety and by the Nuclear Safety Commission, the
highest level commission dealing with radiation safety issues in the Republic of
Korea.
I–7.2. Overview of the installations
The general characteristics of KRR-1 and KRR-2 are summarized in
Table I–IV. The main differences between KRR-1 and KRR-2 are the types of
reactor core (fixed core versus movable core), thermal capacities (250 kW
versus 2 MW), the reflector type (graphite versus H2O) and the enrichment of
the 235U (20% versus 70%). In both reactors the fuel consists of a solid
homogeneous mixture of uranium–zirconium hydride alloy containing 8.5% by
weight of enriched uranium.
KRR-1 was initially designed and constructed in 1962 to provide up to
100 kW of thermal power, but was upgraded to 250 kW in 1969. Both KRR-1
and KRR-2 were used for research into reactor characteristics, material tests,
texture studies, radioisotope production, training, education and other basic
research activities involving the use of neutron beams.
I–7.3. Decommissioning licensing requirements
To obtain a licence from the Government (MOST), a decommissioning
plan, including an environmental impact assessment, must be prepared
according to Article No. 31 of the Atomic Energy Act. The plan must cover:
(a)
(b)
(c)

The decommissioning method and schedule,
Decontamination methods,
Treatment and disposal of radioactive wastes,
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TABLE I–IV. CHARACTERISTICS OF KRR-1 AND KRR-2
Characteristics

KRR-1

KRR-2

Open pool, fixed core

Open pool, movable core

250

2000

First criticality

3 March 1962

10 May 1972

Shutdown

January 1995

December 1995

Total operating time (h)

36 000

55 000

Total generating power (MW·h)

3 700

69 000

1 × 1013

7 × 1013

8.5
20
Al
U-ZrH1.0

8.5
70
304SS
Er-U-ZrH0.6

Moderator

H2 O

H2O

Coolant

H2 O

H2O

Graphite

H2O

B4 C

B4C

Reactor type
Thermal power (kW)

Neutron flux (n·cm–2·5–1)
Fuel
Contents of U (w/o)
Enrichment (w/o)
Cladding
Chemical composition

Reflector
Control rod

(d)
(e)
(f)

Radiation protection countermeasures,
Environmental impact assessments and countermeasures,
Other matters as required by the MOST.

An environmental monitoring plan, covering activities prior to and
during the decommissioning work, must be included in the environmental
impact assessment report, in accordance with (MOST) Ministry Ordinance
No. 96-31. The effectiveness of the environmental monitoring plan will be
checked throughout the project and regular assessment reports forwarded to
MOST. The purpose of these assessments is to ensure that the surrounding
environment is not affected by the decommissioning activities, to determine
what radioactive materials are accumulating in the environment and to gain the
confidence of the general public by the regular promulgation of monitoring
results.

122

I–7.4. Description of the transition period for KRR-1 and KRR-2
I–7.4.1. Spent fuel removal
The spent fuel from KRR-1 and KRR-2 is stored in the HANARO spent
fuel pool in Daejon and in the KRR-2 reactor pool in Seoul. Before the D&D
work was started all spent fuel was removed from the reactor site. In the
meantime the US Government initiated a policy allowing for the return of
foreign research reactor fuel to the USA. The March 1996 ‘record of decision’
re-established the return programme for spent fuel enriched in the USA. An
inspection team from the US DOE examined all the spent fuel from KRR-1
and KRR-2 in Seoul and Daejon during May and June 1997. The Government
of the Republic of Korea consented to the policy and preparatory work for the
shipment of fuel from both sites in June 1998. All the spent fuel from KRR-1
and KRR-2 was safely transported to the USA in July 1998.
I–7.4.2. Radiological characterization
The residual radiation and radioactivity levels in KRR-1 and KRR-2 have
been measured, analysed and evaluated to establish and provide the technical
requirements for the safe decommissioning of these facilities including
minimizing radiation exposure to the workers and preventing the release of
radioactive materials to the environment. The radiation dose rate and surface
radioactivity contamination levels on the walls, floors and experimental
equipment used within the facility were measured and evaluated. The degree of
activated materials within the reactor pool structures and the levels of radioactivity and radionuclide inventory in the pool and cooling water were also
analysed. Measurement and assessment of the activated reactor pool structures
proved very difficult and the ORIGEN computer code was used to estimate the
levels of residual radioactivity.
I–7.4.3. Decommissioning design
The design work for D&D of KRR-1 and KRR-2 was carried out in 1998.
This involved thorough assessment and analysis of the design details of the
reactors using operating experience, construction diagrams and radiological
survey reports. Following the pre-design, hazard and operability studies were
carried out for each planned working step during the D&D. One of the most
significant problems was determining the radioactivity levels in the rotary
specimen rack (RSR) which is located around the reactor core and is composed
of aluminium alloy and a small number of stainless steel components (~3.4 kg).
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The ORIGEN 2.1 computer code was used to calculate estimated dose rates. It
is anticipated that these RSRs (two in KRR-1 and one in KRR-2) will be
classified as intermediate level radioactive waste. As a graphics tool, the project
used a commercial software package, IGRIP (Interactive Graphics Robot
Instruction Program). This program is capable of performing real time graphic
animation and computation. The graphic simulation system is composed of a
facilitiy and equipment modelling program, a simulation program and a
program allowing connections to external equipment. The graphic model of the
reactor is illustrated in Fig. I–22 [I–4].
I–7.4.4. Radiation protection and health physics
Radiation protection in the decommissioning plan is one of the most
important issues to be considered to minimize radiation exposure to workers
and prevent the release of radioactive materials to the environment. Control of
the restricted area and the necessary radiation protection facilities will require
continued update and amendment of the plan as the D&D project progresses
in order to provide effective radiation control and physical protection as

(a) Core and reflector

(c) Centre channel

(b) Fuel element

(d) Reactor internals

FIG. I–22. Graphic model of a TRIGA research reactor (Republic of Korea) by IGRIP.
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required by the movement of human and material resources. Suitable radiation
measuring equipment was prepared in advance and put in place to survey
contaminated and activated materials as the work progressed. The site release
criteria for unrestricted use was set at 0.4 Bq/cm2 (or Bq/g) for β and γ emitters
and 0.04 Bq/cm2 (or Bq/g) for α emitters. A project specific annual dose limit of
15 mSv was established. All external and internal doses will follow the
ALARA principle. Documents such as the radiological control manual,
radiation safety control procedure, emergency procedure and training
programme were prepared before physical decommissioning work
commenced. Radiation work permits and access control equipment will be
used to manage exit and entry procedures in the working areas. Radiological
surveillance of all working areas will be performed throughout the project to
ensure that the prevailing conditions are known and that the appropriate
controls are implemented. Monitoring will be implemented to limit
unnecessary exposures and prevent the spread of contamination.
I–7.4.5. Preparatory work
Preparatory work included the installation of radiation measuring and
analysis equipment, a turnstile access gate equipped with an automatic
individual radiation exposure recording system, hot and cold shower rooms for
the workers, laundry equipment and the installation of radioactive liquid waste
treatment facilities such as a natural evaporator and membrane equipment for
the liquid wastes from the laundry and showers.
I–7.5. Conclusions
The decommissioning of the KRR-1 and KRR-2 reactors, the first
experience of its kind in the Republic of Korea, commenced at a time when
there were no existing or well established D&D procedures or regulations. The
necessary regulatory regime was subsequently established both through postshutdown activities and ongoing licensing work. These activities and
assessments identified the necessary technology and equipment needed for the
dismantling work together with the waste management plans and relevant
exemption levels. In the future, ongoing and regular radiological surveys will be
carried out on all facilities and sites prior to D&D to determine the exact
volume of radioactive waste to be managed. The post-shutdown activities on
the KRR-1 and KRR-2 reactors included removal of the spent fuel (unloading
and transportation), radiological characterization, decommissioning design and
preparatory work.
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I–8. POST-SHUTDOWN ACTIVITIES AT THE DODEWAARD NPP,
NETHERLANDS
I–8.1. Introduction
I–8.1.1. Dodewaard NPP
The Gemeenschappelijke Kernenergiecentrale Nederland (NV GKN) is
the owner and operating organization of the Dodewaard NPP (KCD), the first
NPP in the Netherlands. The KCD is a small boiling water reactor with natural
circulation. Its mission was to gain construction and operating experience with
nuclear energy for electricity generation and create research opportunities in
the field of nuclear energy. Its main characteristics are listed in Table I–V.
When it became clear in 1996 that the construction of new NPPs in the
Netherlands was not feasible in the short term, the Dodewaard NPP was shut
down. Electricity production ceased on 26 March 1997, exactly 28 years after
the power plant had officially been put into operation. Now that production has
stopped, the plant is preparing for a 40 year SE period. The SE includes all of
the measures necessary to keep radioactivity within a defined and controlled
area. Final dismantling is expected to start in 2043.
I–8.1.2. The post-operational period
The post-operational period is divided into three phases:
— Phase 1: fuel in the reactor vessel and the fuel pool.
— Phase 2: fuel in the fuel pool and/or partially disposed of.
— Phase 3: fuel disposal completed.
All activities carried out during the three phases are intended to ensure
that post-shutdown operations are safe, responsible and efficient. Activities
include retiring non-essential systems and the continued operation, supervision, testing and maintenance of essential systems. A system is defined as
non-essential if it has no further function in the current or subsequent phases.
Phase 1
Phase 1 commenced in March 1997 when electricity production ceased
and continued until all the fuel had been removed from the reactor core and
placed in the fuel pool. In this phase, while the reactor core was being emptied,
the safety level was similar to that during a scheduled major maintenance stop.
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TABLE I–V. MAIN CHARACTERISTICS OF KCD
Reactor type

BWR with natural circulation

Thermal capacity

183 MW(th)

Electrical capacity

58 MW(e)

Average load factor during the plant’s
operational life
Start of construction
of the Dodewaard NPP

84.1%

May 1965

Official start of operation

26 March 1969

Last day on the grid

26 March 1997

Post-operational period

March 1997–2002
(due to fuel transports)

Planned preparation for SE

2003–2004

Planned safe enclosure period

2005–2042

Planned final dismantling

2043–2047

Phase 2
Phase 2 began in October 1997 and will continue until all the fuel in the
fuel pool has been removed from the site. Following fuel removal, the nuclear
risk to the public will be negligible as reactivity accidents will not be possible.
A new licence for preparing an SE period of approximately forty years will be
required before final dismantling takes place.
Phase 3
Phase 3 will begin once all the fuel has been removed from the site. There
will be no nuclear risk to the public during this phase. While the overall risk to
plant staff will diminish with time, a small radiological risk will remain owing to
the presence of radioactive materials on the site.
I–8.2. Operational evaluation
Operational evaluation is divided into five parts which cover all relevant
issues:
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(1)

Part A: buildings, installations and systems

—
—
—
—
—
—

Use of systems,
Maintenance,
Surveillance,
Taking systems out of service,
Control of modifications,
Operation/monitoring (shift occupation, emergency operating procedures),
— Redundancy,
— Technical specifications (in part).
(2)
—
—
—
—
(3)

Part B: control of radioactivity
Releases to the atmosphere and river,
Monitoring air and water quality,
Radiological protection,
Technical specifications (in part).
Part C: disposal of radioactive materials

— Processing of radioactive waste,
— Disposal of fuel elements (both irradiated and non-irradiated),
— Technical specifications (in part).
(4)
—
—
—
—
—
—
—
(5)

Part D: planning, recording, evaluation and reporting
Planning (weekly, monthly, etc.),
Recording of operational data (including monthly reports),
Recording, evaluation and reporting of internal faults,
Consideration of external faults,
Probabilistic safety analysis (PSA),
Information technology,
Technical specifications (in part).
Part E: other issues and general matters

— Training;
— Environmental management;
— Occupational health and safety;
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— Emergency plan, internal emergency services, first aid in accident
situations and consignment;
— Insurance;
— Subscriptions;
— Control of documents;
— Public relations;
— Security.
Matrix structure evaluation normally takes place by combining
information from Parts A to E relative to the three generic phases.
I–8.3. Description of the process, activities and tasks
I–8.3.1. Phase 1: fuel in the reactor vessel
During this phase, the focus is towards controlling the reactivity risk from
the fuel remaining in the reactor. However, since electricity generation has
ceased, certain non-essential systems can be taken out of service and retired.
I–8.3.1.1. Part A issues: buildings, installations and systems
System retirement. System retirement entails shutting systems down and
modifying the regular maintenance and surveillance programmes accordingly.
As a result of the reduced maintenance and surveillance, a system is no longer
considered qualified for its original purpose once it has been retired. Figures I–23
and I–24 provide examples of such systems.
Many systems can be declared non-essential during phase 1, including
nuclear safety-related systems, reactor systems, all turbine related systems and
specific water quality control systems. Procedures have been developed for
retiring non-essential systems based on technical scenarios or questions such
as:
(a)
(b)
(c)

(d)

Which other systems are relevant in relation to taking the system in
question out of service?
How is the system in question to be stored (dry, wet, inert, etc.)?
How is the system to be flushed out, cleaned and decontaminated for
subsequent dry storage without creating a hazard for personnel or the
environment (e.g. through air contamination)?
Which procedures or checklists should be retained, modified or drawn up
(with regard to safe and effective working, data registration, comparison
of data against prescribed criteria, etc.)?
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(e)
(f)
(g)
(h)

Which procedures and/or checklists are no longer relevant?
How are the relevant documents to be archived?
Who will carry out the activities, when and in what order?
Which permits need to remain in force (such as steam systems that may
be covered by statutory steam equipment regulations)?

Maintenance. Systems that have not yet been taken out of service will be
maintained in the normal manner. Once a system has been retired it will
receive only the minimum amount of maintenance necessary to preserve its
physical integrity pending subsequent (definitive) decommissioning and
conservation. This maintenance will consist of activities such as mechanical
integrity inspections and corrosion inspections of hangers, pipe work, etc.
Surveillance. Surveillance regimes will be similar to those used during
normal operation. No new specific age monitoring or management systems will
be developed. Surveillance will continue to include:

FIG. I–23. The control room of the Dodewaard NPP with inactive panels indicating that
the systems are out of operation.
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(1)
(2)
(3)
(4)

Functional tests,
Monitoring of air and water quality,
Periodic preventive maintenance,
In-service inspections.

Checklists and procedures for systems that have yet to be taken out of
service will be applied and updated in the normal manner.
Control of modifications. In principle, once the reactor has been shut
down, formal modifications will no longer be required. Any changes necessary
to systems relevant to safety will be made on an ad hoc basis, using a simplified
version of the existing modification procedure for guidance. The nuclear
inspectorate must be notified of any such changes.
Operation/monitoring. During this phase a nominal staff of five shift
personnel will be maintained, with four at a minimum. All emergency
operating procedures will remain in force during phase 1. During this phase
existing technical specifications will be supplemented by a redundancy plan, as
was normally done during previous operational refuelling stops.

FIG. I–24. Plugged valves of systems taken out of operation at the Dodewaard NPP.
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I–8.3.1.2. Part B issues: control of radioactivity
Releases to the atmosphere and river. Following shutdown of the reactor
and while fuel still remains in the core the normal amount of operational
radioactive gaseous material present will be greatly reduced. Therefore, less
emphasis needs to be placed on the management of gaseous release levels.
However, since the possibility of fission product release remains, particularly
during accident scenarios, air monitoring will continue to be required.
During phase 1 the amount of radioactive material associated with the
processing of wastewater will remain almost unchanged. While a small number
of systems will be washed out and stored dry, this will not significantly increase
the amount of wastewater produced. Nevertheless, suitable water quality
discharge procedures will remain in force to both clean up contaminated water
and allow clean water to be released into the river.
Monitoring air and water quality. Monitoring of air and water quality will
continue during phase 1. Particular emphasis will be placed on air quality, in
view of the possibility of air contamination by aerosols, since a small number of
systems will be washed out and left dry. The water quality standards normally
associated with a prolonged stoppage or outage will continue to apply.
Radiological protection. Only minimal changes will be made to existing
radiological protection procedures, supervisory requirements and expertise
needed during phase 1. Although there will be fewer areas with relatively high
radiation dose rates such areas will still need to be measured, delineated and
controlled. Appropriate measures will be taken to maintain the ALARA
principle, including environmental monitoring and reporting.
I–8.3.1.3. Part C issues: disposal of radioactive materials
Processing of radioactive waste. During phase 1 most systems that make
use of filter material and/or resins (ion exchangers) will remain operational.
Hence the supply and usage of such materials, particularly in the wastewater
storage tank areas, will not be significantly greater than during normal
operation.
If wastewater cannot be discharged into the River Waal it will be
evaporated in the wastewater evaporation system and the resultant brine
concentrate will be transferred to the storage tanks. The waste collected in
these tanks will then be conditioned by cementation during periodic waste
campaigns. Processing will be done in the usual way, using the normal
procedures and checklists. Waste processed in this way will be temporarily
stored in the waste building or elsewhere within the controlled area prior to
forwarding to COVRA (Centrale Organisatie voor Radioactief Afval N.V.).
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During phase 1, the amount of ‘domestic’ radioactive waste produced
(work clothing, packaging, contaminated components, etc.) will not be greater
than during normal operation. There will be no increase in the amount of
installed or core component radioactive waste stored in the fuel pool apart
from the fuel elements themselves. The fuel element linings will also be kept
together in the fuel pool, thereby creating extra workspace for loading the fuel
transport container. Tools and equipment not needed in subsequent phases will
be cut up into small pieces/lengths (~60 cm) and will be compressed and
packed in 100 litre transport drums for forwarding to COVRA. Small
instrument calibration radiation sources will still be needed and will not be
disposed of at this stage.
During phase 1, all waste processing activities will be comprehensively
optimized. This will include a review of all existing procedures and checklists
relating to waste processing.
Disposal of irradiated fuel. During phase 1 shift personnel will take the
164 fuel elements from the reactor vessel and place them in the fuel pool. In
principle, the transfer could begin as soon as the reactor water temperature has
fallen to below 60°C, which is anticipated to take about five days. It is not
anticipated that any irradiated elements and/or fuel rods will be removed from
the power plant during this phase.
Disposal of non-irradiated fuel. The non-irradiated fuel elements, fuel
rods and reference fuel tablets stored in the dry fuel storage facility can be
disposed of in phase 1. The transfer of the materials to a suitable fuel
processing organization will be the responsibility of the fuel management and
contracts group.
I–8.3.1.4. Part D issues: planning, recording, evaluation and reporting
Planning. Several of the existing planning regimes will lose their
relevance during phase 1, including planning for an annual refuelling and
maintenance stop and quarterly test planning. Other regimes, such as weekly
planning, system stop planning and steam equipment service inspection
planning will remain in force.
During all three phases:
(a)
(b)
(c)
(d)

The planning regimes will cover a decreasing number of systems,
There will be decreases in the amount of preventive maintenance and the
number of modifications required,
There will be changes in the staffing arrangements,
There will be increases in planned activities associated with taking
systems and/or installation components out of service.
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Because of the constant changes and the increasingly interdependent
nature of the activities, there will be a greater need for strict, centralized coordination. A centralized system of planning and recording covering activities,
staffing and work progress will have to be prepared and, if possible,
implemented in phase 1. This system will supersede the individual group
planning regimes.
Recording of operational data (including monthly reports). The recording
and monthly reporting of relevant operational data will continue in phase 1.
The number of reports on tests, modifications, changes and faults is expected to
decrease, due to the fact that the reactor is shut down and the requirement for
major installation modifications will have ceased. On the other hand, the
monthly reporting system will be extended to include matters relating to new
circumstances, e.g. future monthly reports will include a section on systems
taken out of service.
Probabilistic safety assessment (PSA). A comprehensive live PSA will not
be required.
I–8.3.1.5. Part E issues: other issues and general matters
Training. Training of the qualified reactor operators and other shift
personnel will continue, with the emphasis changing to reflect both the
operational situation and taking systems out of service. A refresher training
programme will remain in place, albeit in a modified form.
For managers the focus will shift to courses on leadership and communication skills. The training made available to other personnel has been supplemented by courses on communications skills, holding of effective meetings,
leadership, management, safety and specialized job related courses where
relevant. Courses on reactor technology will no longer be given.
Environmental management. There will be no policy changes in this area.
Occupational health and safety. There will be no policy changes in this
area.
Emergency plan, internal emergency services and first aid in accident
situations. Although the external risk levels will be negligible about 150 days
after final shutdown, there will be no changes made to the emergency plan or
the internal emergency services and an assignment system will remain in effect.
Insurance. As the risk decreases and the number of operational systems
declines, the various insurance policies can be modified.
Document control. There will be no procedural changes, but the archive
will be rationalized. No archived material will be disposed of until a review has
been undertaken to determine which data are likely to be required in the
future. An inventory of all existing archives will have to be made.
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Public relations. The operational dissemination of public information will
cease but presentations may still be made to business contacts. The information
and materials will be kept up to date and the information facilities will be
retained.
Security. There will be no policy changes in this area.
I–8.3.2. Phase 2: fuel in the fuel pool
During this phase all fuel will be in the fuel pool ready for disposal.
Additional systems, including certain safety related systems, can then be
retired. Among these are the core emergency inundation system and the
reactor protection system. Operational activities will be adjusted accordingly.
The waste processing programme initiated during phase 1 will continue during
phase 2. Issues associated with phase 2 activities include:
Disposal of irradiated fuel. The 164 fuel elements from the last reactor
cycle need to be cooled for at least 180 days before they can be loaded into a
transport container for shipment to the reprocessing facility.
Disposal of non-irradiated fuel. Any remaining non-irradiated fuel will be
disposed of by shipment to the fuel manufacturer.
Liquid process waste. The processing and shipment of conditioned liquid
process waste to COVRA will continue. This is one of the major activities
during phase 2.
Solid low level radioactive waste. The selection, collection, cutting,
packaging and shipment of relatively small quantities of solid low level
radioactive scrap material to COVRA will continue during this phase.
Alternative disposal routes have been considered but have not turned out to be
cost effective.
Solid intermediate level radioactive waste. The solid waste (other than
fuel) in the reactor spent fuel pool will be characterized in detail. A disposal
programme will then be developed for subsequent execution in phase 3.
I–8.3.3. Phase 3: fuel disposal completed
Phase 3 will commence when fuel disposal has been completed. The
licence for preparing the SE will not yet be in force. A few more systems, such
as the pool cleaning system, may be retired during this phase but modifications
needed for conservation of the plant during the SE waiting period will not be
able to be installed. One of the major issues associated with phase 3 activities
includes the disposal of radioactive materials.
Disposal of radioactive materials. It is GKN’s policy to dispose of all liquid
and solid radioactive waste before the beginning of the SE period. Conse-
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quently the waste removal programme begun during phase 2 will be continued
and completed.
As a result of the decreased levels of activity within the controlled area,
the flow of solid ‘domestic’ radioactive waste (work clothing, packaging,
contaminated components, etc.) will gradually decline during this phase. This
waste will be sorted, compressed and then forwarded to COVRA as in phase 2.
I–8.4. Conclusions
The post-shutdown activities at the Dodewaard NPP focused primarily on
the timely achievement of safe and stable facility and management operations
during what proved to be a very hectic phase of the plant’s lifetime. All aspects
of plant operation (technical, operational, administrative and personnel) were
considered and reviewed. The review indicated that many process systems
could be retired soon after final shutdown of the plant, depending on the spent
fuel situation, thereby considerably reducing the maintenance and surveillance
effort.
The shipment of all spent fuel from the plant will further decrease the risk
to personnel and the environment. The management of radioactive waste is a
major task involving not only standard process wastes but also other
radioactive wastes such as solid low level radioactive waste and intermediate
level radioactive waste stored in the spent fuel pool.
Careful attention has been paid to preventing accidents and incidents
which could lead to inadvertent releases into the environment during the many
non-standard operations that will be carried out during post-shutdown
activities. Air and water quality monitoring will continue during this period,
with particular emphasis on air quality, in view of the possibility of air
contamination by aerosols.
Particular attention was paid to the management and organizational
aspects. The actual size of the organization at any given time must be commensurate with both immediate and future needs and activities. This aspect
requires careful planning, preferably carried out prior to final shutdown. As
was anticipated, the radiological protection organization has remained almost
unchanged from that during normal plant operation.
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I–9. THE TRANSITION PERIOD IN SLOVAKIA
I–9.1. Introduction
Post-shutdown and pre-decommissioning planning activities in Slovakia
reflect the fact that the first ‘standard’ shutdown of an NPP is planned for 2006.
Based on experience and the lessons learned from decommissioning of the A-1
reactor, which was shut down in 1997 on the order of the regulatory authority
after an accident, the primary aim was the preparation of conceptual decommissioning plans for all nuclear installations and more detailed decommissioning documentation for the V-1 NPP.
Decommissioning related documentation produced to date includes
detailed technical reports on post-shutdown system reductions, modifications,
conceptual decommissioning plans, periodic updates, reuse of equipment, the
buildings and the site, environmental assessments, funding, social and
economic impacts.
I–9.2. Nuclear facilities and installations
The major nuclear facilities and installations in Slovakia are:
(a)

(b)

(c)

(d)

The A-1 reactor at Bohunice, a natural uranium fuelled, heavy water
moderated and CO2 cooled reactor. It was shut down in February 1977
and the decision to decommission it was taken in 1979. Spent fuel was
removed in 1999 and decommissioning activities are ongoing with the aim
of achieving SE in 2007.
The V-1 NPP at Bohunice. Two 440 MW WWER-440, V-230 reactor units
were commissioned in 1978 and 1980. Both units were progressively
upgraded from 1993 to 2000 with the main aim of increasing nuclear
safety. Closure of both units is planned for 2006 and 2008.
The V-2 NPP at Bohunice. Two 440 MW WWER-440, V-213 reactor units
were commissioned in 1984 and 1985. Their design lifetime is 30 years and
their closure is planned for 2014 and 2015.
The Mochovce NPP. Two 440 MW WWER-440 V-213 reactor units were
commissioned in 1998 and 2000. Their closure is planned for 2028 and
2030, respectively. Construction of two other units of the same type has
been put on hold for the time being.
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I–9.3. Licensing requirements
The licensing requirements and legislative background of the transition
period are detailed in the following acts and decrees:
(a)

(b)

Act No. 130/1998 Col. of the National Council of the Slovak Republic on
the Peaceful Use of Nuclear Energy (commonly referred to as the
‘Atomic Law’). The Nuclear Regulatory Authority of the Slovak Republic
(ÚJD SR), as a central body of the state administration, carries out state
supervision during the design, construction, commissioning, operation
and decommissioning of all nuclear installations in accordance with this
act and its relevant regulations. Article 19 of the law, which covers decommissioning related documentation, is established by Decree 246/1999
which is issued by the ÚJD SR.
Decree 246/1999. Decommissioning documentation for nuclear facilities.
This decree defines the scope and contents of the decommissioning
documentation that has to be submitted to the ÚJD SR by the operating
organization. The types of documentation that needs to be submitted to
the ÚJD SR encompass:
(1) Approval of the following documents:
— Technical specifications,
— Quality assurance programmes covering actual decommissioning
or the phases of decommissioning,
— On-site emergency plans.
(2) Evaluation of the following documents:
—Decommissioning plan or plans for particular phases,
— Decommissioning strategy/concept for the period immediately
following the authorized decommissioning phases,
— Physical protection plans,
— Radioactive waste management systems,
— Off-site radiation control programmes,
— Equipment inspection programmes,
— Selected operating procedures,
— Professional qualification documents,
— Insurance policies or other documents detailing financial
liability.

In addition to these main regulations, various acts and decrees deal with
other aspects of the decommissioning transition period:
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(c)

(d)
(e)
(f)
(g)
(h)

Act No. 254/1994 Col. of the National Council of the Slovak Republic on
the State fund for decommissioning of nuclear power installations (as
changed and amended by Act No. 78/2000). This is the state fund for
nuclear power facilities, decommissioning, spent nuclear fuel and
radioactive waste management.
Public Notice No. 14/1995. Details of contributions, granting and use of
funds.
Act No. 127/1994. Environmental impact assessments.
Decree No. 190/2000. Regulation and management of radioactive waste
and spent fuel.
Decree No. 12/2000. Radiation protection, including decommissioning.
Act No. 272/1994 (as changed and amended by Act No. 470/2000). Site
release criteria, material clearance and authorized release, in accordance
with IAEA/NEA guidance [I–5].

I–9.4. Decommissioning strategy
According to the Atomic Law, the decommissioning strategy is to be
developed by the operating organization of a nuclear facility, taking into
account the actual legislative framework for decommissioning together with
the existing and planned decommissioning infrastructure. This strategy defines
the operating organization’s structure for subsequently working up the decommissioning options, which should cover all anticipated decommissioning
activities. The most important factors for developing the decommissioning
strategy are:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

The actual and anticipated state of the plant at the time of decommissioning;
The actual or planned state of repositories for the final disposal of
conditioned radioactive waste;
Available and planned methods and systems for the treatment, conditioning, storage and transportation of radioactive waste;
Material release systems and arrangements;
Availability of funding;
Availability of technical equipment, procedures and qualified personnel;
Environmental aspects;
Social and economic aspects.

An extensive technical decommissioning infrastructure has already been
established in Slovakia to deal with the unplanned decommissioning of the A-1
reactor. A specialized subsidiary of Slovak Electric (SE VYZ), responsible for
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decommissioning, spent fuel management and radioactive waste management,
was established in 1996 to operate the following licensed facilities and systems:
(1)
(2)

(3)

(4)
(5)

Interim spent fuel storage facilities for WWER type NPPs.
Radioactive waste treatment facilities, including systems for fragmentation, decontamination, cementation, bituminization, super-compaction,
incineration and final conditioning into reinforced concrete containers.
Interim storage facilities for conditioned and non-conditioned radioactive
waste. These will be further extended, particularly for conditioned waste
intended for future disposal in a geological repository.
A low and medium level radioactive waste repository has been
established at Mochovce and was granted a licence in 2001.
A future geological high level radioactive waste repository is planned and
is expected to be ready for use some time after 2037.

The conceptual plans for decommissioning NPPs in Slovakia cover three
main options:
(i) Immediate dismantling,
(ii) Safe enclosure,
(iii) Enclosure with surveillance.
Valuable experience has been gained and a pool of experienced and
qualified personnel has been established during the ongoing decommissioning
of the A-1 reactor, primarily by experienced contractors who have provided
project and engineering services (decommissioning documentation, cost
estimates, research and development), technical services (decontamination and
refurbishments), design services and specialized equipment, as shown in
Fig. I–25.
I–9.5. The transition period
In Slovakia, the studies carried out for the transition period from NPP
operation to decommissioning can be divided into two stages:
(1)
(2)

The period up to 1998 when the Atomic Law was issued,
The period following the issue of the Atomic Law.

Until the Atomic Law was issued the lessons learned during the
premature shutdown of the A-1 reactor and the subsequent preparations for
decommissioning were the main driving force for thorough, timely and
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appropriate studies and for the production of decommissioning documents for
the WWER NPPs, including the development of an appropriate decommissioning strategy for the V-1 NPP. It should be noted that the development of
such documentation was not required by any existing regulations before the
Atomic Law was issued. When the Atomic Law and related regulations were
issued, conceptual decommissioning plans for all nuclear installations were
developed and submitted to the Nuclear Regulatory Authority.
I–9.5.1. Approach to the decommissioning transition period before issue
of the Atomic Law
During this period, the general studies carried out and the documents
produced included:
(a)
(b)
(c)

Two feasibility studies for the V-1 NPP to select the preferred decommissioning option,
Preparation of relevant documents for the ‘termination of operations’ of
the V-1 NPP,
Other decommissioning related feasibility studies.

FIG. I–25. Graphic simulation (by EUCLID) of dismantling activities at the reactor.
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I–9.5.1.1. Feasibility studies for the V-1 NPP
The following five decommissioning options were analysed in detail:
(1)
(2)
(3)
(4)
(5)

Immediate total dismantling of the NPP after final shutdown,
Safe enclosure of the ‘hermetic area’ (part of the reactor building) for
each individual reactor unit,
Safe enclosure of the reactor shaft of each individual reactor,
Safe enclosure of the entire reactor building,
Closure of the NPP with surveillance (stage 1 of the former IAEA
classification).
The following factors were taken into account within each option:

—
—
—
—
—
—
—
—

The total number of person-days needed and personnel requirements,
The amount and activity of radioactive waste,
The amount of non-radioactive waste,
The total collective dose equivalent,
The environmental impact of gaseous and liquid effluents,
The technical equipment required,
The total costs,
Time schedules.

For all SE options, a deferral period of 70 years was assumed before final
dismantling to green field status. Multi-attribute analysis was used to assess the
results and select the preferred option by appropriately weighing and scoring
all relevant feasibility, safety, environmental, technical, waste, social, funding
and economic aspects. This analysis indicated that safe enclosure of the
hermetic area of each unit was the preferred option. This multi-attribute
analysis approach will be used to assess how best to proceed with all future
NPP decommissioning options in Slovakia.
I–9.5.1.2. Preparation of relevant documents for the termination of operations
of the V-1 NPP
‘Termination of operations’ is defined as the period of time from the date
of final shutdown of the NPP to the commencement of SE activities. This
period is divided into two stages. The initial stage, called final shutdown,
encompasses activities associated with safe reactor shutdown, fuel removal and
spent fuel management up to its transport to the interim spent fuel storage
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facility (Fig. I–26). The second stage begins at this point and ends with the
erection of the SE.
The following activities were taken into consideration for final shutdown:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

Drainage of systems and process fluids,
Defuelling of the reactors and transfer of fuel to the unit’s spent fuel
storage pool,
Disconnecting/isolation of unused systems and equipment,
Transportation of fuel from the storage pool to the interim spent fuel
storage facility,
Conditioning of radioactive wastes,
Decontamination of the primary circuit and other equipment as required,
Amendment of operational and safety documentation to reflect the
operational status of the termination of operations,
Modification of operational arrangements.

While many of these operations could be carried out under the normal
operating licence, specific regulatory permission would need to be obtained for
tasks not already in the licence such as primary circuit decontamination,
dismantling, system modifications, etc. Permission for such tasks would be
through approval of documented safety cases.

FIG. I–26. Transport cask for transferring spent fuel from the V-1 and V-2 NPPs to the
interim spent fuel storage facility.
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Producing the decommissioning documentation for the V-1 NPP proved
to be very challenging as it needed to take account of various safety upgrades
such as fitted equipment, potential decommissioning requirements and
potential cost escalations. Each endpoint or phase in the planned decommissioning process would normally dictate what equipment and/or operational
changes were required to a large number of individual systems. Once the
overall system and operational requirements were known, individual
documents and step by step procedures were developed to both manage and
implement the various tasks. A series of safety reports and quality assurance
programmes were also produced covering, inter alia, electrical supplies, instrumentation, control and radiation monitoring systems. Procedures were not
developed for dealing with non-operational systems not being used for the
decommissioning process.
The range of documentation and studies undertaken include:
(1)
(2)
(3)
(4)
(5)
(6)
(7)

System requirements covering the current phase, preparations for the
next phase and for the SE period,
Equipment conservation plans for systems to be dismantled in the later
stages of decommissioning,
Effects of decommissioning on the V-2 NPP,
Decontamination of the primary circuit after spent fuel discharge,
Reduction of the fire risk,
Processing, treatment and conditioning of radioactive wastes,
Utilization of spent fuel from the V-1 NPP.

I–9.5.1.3. Other decommissioning related feasibility studies
Other decommissioning related feasibility studies and documents
included:
(a)
(b)

Environmental impact assessments into the anticipated effects of V1 NPP
decommissioning on the environment, as required by Law No.127/1994;
Further decommissioning studies into the V-2 NPP and the Mochovce
NPP.

I–9.5.2. Approach to the decommissioning transition period following passage
of the Atomic Law
Conceptual decommissioning plans were developed covering the
transition period for all nuclear facilities in accordance with the requirements
of the Atomic Law.

144

I–9.5.2.1. Decommissioning documentation and other activities
The conceptual decommissioning plans encompassed the V-1 NPP, the
interim spent fuel storage facility at Bohunice (for WWER spent fuel), the
radioactive waste treatment plant, the bituminization and cementation units.
The general methods used to evaluate the various decommissioning options
were similar to those used during earlier studies, including:
(a)

(b)
(c)

Updating the documentation for the termination of operations of the V-1
NPP. This covered a detailed description of the systems needing to be
kept in operation following final NPP shutdown up to the transportation
of the last fuel element into the interim spent fuel storage facility and the
subsequent deactivation of operational systems to levels commensurate
with the next phase of decommissioning. The documentation also
addressed deactivation schedules, project timescales, drawings of the
modified systems, the numbers of personnel required and a comprehensive safety analysis.
Socio-economic consequences of premature shutdown of the V-1 NPP.
Other research and development, and technical support requirements.
For example, an Oracle based computer code was developed for
calculating costs and other decommissioning parameters to enable the
various decommissioning solutions to be optimized. This computer code
was used to implement the Proposed Standardised List of Items for
Costing Purposes issued by the IAEA, EC and OECD in 1999 [I–6].

I–9.5.2.2. Conceptual plan for decommissioning of the V-1 NPP
The three main decommissioning options considered are immediate
decommissioning, SE of reactors in reactor shafts, and closure with surveillance. The updated conceptual decommissioning plan for the V-1 NPP
indicated that the preferred planning option was SE, most likely with a 30 year
deferral period, while not totally ruling out the immediate/direct decommissioning option. The main studies covered decommissioning documentation,
termination of operations and the implementation of the actual decommissioning activities as shown in Fig. I–27.
The decommissioning related documentation and studies included:
(a)
(b)
(c)

An updated conceptual decommissioning plan,
Environmental impact assessment documents,
Optimization of fuel removal campaigns,
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(d)

Systems and equipment needed for both the termination of operations
and during subsequent decommissioning,
The residual state of equipment at the time of dismantling,
Reuse of systems following decommissioning,
Reuse of buildings following decommissioning,
Reuse of the site.

(e)
(f)
(g)
(h)

1. Immediate decommissioning option
Operating licence

Decommissioning licence

Transition period

Operating
period

Termination of operation
SF management,
ORW treatment,
Termination
PC decontam.,
of operation
system reduction

D

S

First phase

F

Second phase

Treatment of remaining ORW,
achieving dry state conditions,
decommissioning of redundant
non-active equipment and
buildings

Decommissioning:
Decontamination and dismantling,
treatment of radwaste, final
radiological survey,
demolition, site restoration

Site
release

2. Safe enclosure of reactors in reactor shafts
Licence for operation
Transition period

Licence for decommissioning

Termination of operation
Operating
period

Termination
of operation
S

D

First phase

SF management,
ORW treatment,
PC decontam.,
system reduction
F

Treatment of rest of ORW,
dry state conditions,
partial decommissioning up
to safe enclosure

Second phase
Safe enclosure
operation

Third phase
Decommissioning of
the safe enclosure

Site
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3. Closing with surveillance
Operating licence

Decommissioning licence

Transition period

Operating
period
D

CS:
D:
F
ORW:
PC:
S:
SF:

Termination of operation
SF management,
Termination
ORW treatment,
of operation
PC decontam.,
system reduction
S
F

First phase
Treatment of remaining
ORW, dry state conditions,
partial decommissioning
up to CS

Second phase
Closing with
surveillance
operation

Third phase
Decommissioning of
the closing with
surveillance

Closure with surveillance,
Decision on final shutdown of the NPP,
Last fuel element transported from the NPP,
Operational radioactive waste,
Primary circuit,
Final shutdown of the NPP,
Spent fuel.

FIG. I–27. Decommissioning strategy options for the V-1 NPP.
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Site
release

At the end of the transition period the main documents will be:
(1)
(2)
(3)

The final decommissioning plan,
Project management plans for individual phases,
License support documents.
Documents and studies related to the termination of operations covered:

(i)

Operational training and qualification requirements up to the last day of
normal operation;
(ii) Training and qualification of operating personnel required during the
transition period and the decommissioning phases;
(iii) Preparation of the decommissioning database for buildings and systems;
(iv) Radiological surveys, sampling, model activation calculations and data
collection;
(v) Reactor defuelling, fuel related cooling systems and transportation of
spent fuel to the interim spent fuel storage facility;
(vi) Operational, combustible, toxic and radioactive waste management;
(vii) Decontamination of primary circuits;
(viii) Final shutdown inspections;
(ix) Assurance of nuclear safety;
(x) Drainage of systems, drying, reduction and conservation;
(xi) Isolation of systems and disconnection of electrical supplies;
(xii) Calculation of radioactive inventory and analysis;
(xiii) Sampling of soil and water;
(xiv) Implementation of the transition plan from operation to decommissioning.
The documents and studies covering the implementation of decommissioning, as well as the appropriate actions necessary to mitigate the consequences of the shutdown of an NPP, include:
(a)
(b)
(c)
(d)
(e)

Radiation dose measurement systems and radiation protection systems
during the transition period and decommissioning;
Systems for monitoring the free release of materials;
Modification or replacement of heating and steam supply systems;
Modification or replacement of the main and alternative electrical power,
distribution and communications, and media systems;
Enhancement of existing radioactive waste treatment and conditioning
systems;
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(f)
(g)

Extension of the capacity of the low and medium radioactive waste
surface repository;
Extension of the capacity of the interim storage facility for conditioned
radioactive waste not suitable for disposal at the surface repository.

I–9.6. Conclusions
The decommissioning of the A-1 reactor, which was prematurely shut
down in 1977 and defuelled in 1999, is under way with the aim of achieving a
radiologically safe status in 2007. The first planned standard shutdown of an
NPP in Slovakia will be the V-1 NPP at Bohunice, planned for 2006, following
which decommissioning will commence.
The decommissioning options for both are still under discussion but
include either a period of SE or immediate/direct decommissioning. The V-1
NPP SE deferral period is anticipated to be 30 years.
The main post-shutdown and pre-decommissioning planning studies and
activities carried out to date in preparation for decommissioning have taken
due account of the knowledge and experience gained from NPP decommissioning in other countries. In general terms, these studies have covered the
preparation of technical documentation, safe disposal of radioactive wastes,
funding and socio-economic aspects. The documentation and infrastructure
required for the decommissioning transition period for the V-1 NPP is being
developed alongside that of the current and future requirements for the A-1
reactor.

I–10. THE TRANSITION PERIOD IN THE VANDELLÓS 1 NPP, SPAIN
I–10.1. Background
The Vandellós 1 NPP, owned by the Hispano Francesa, S.A. company
(Hifrensa), started up in 1972 and was shut down in October 1989 after 17 years
of service, during which it generated an accumulated 55 647 GW·h. The plant is
located on the Mediterranean coast in the municipal area of VandellósHospitalet de l'Infant, some 40 kilometres from the provincial capital
Tarragona. The installed electrical power of the plant amounted to 497 MW.
This NPP is the only Spanish member of the family of plants that use
natural uranium as fuel, graphite as the moderator and CO2 as the coolant. It is
based on the European natural uranium–graphite–gas model developed by the
UK and France, its design being based on a joint project of EDF and CEA. The
Vandellós 1 NPP is a duplicate of the French Saint-Laurent-des-Eaux plant.
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The plant was shut down immediately after a fire that occurred on
19 October 1989 and caused damage to the conventional installations. This
resulted in the Ministry of Industry and Energy ordering the suspension of its
operating permit in November 1989. The plant subsequently remained in the
shutdown condition pending reports on the causes and effects of the fire and
studies and technical decisions initiated with a view to its possible recovery.
In July 1990, following the analysis of these reports, the Directorate
General for Energy decreed by Ministerial Order that the plant’s operating
permit should be definitively suspended. This order also established the
conditions under which Hifrensa was to address the pre-dismantling phase in
order to keep the plant in a safe shutdown condition, remove the spent fuel
from the site and condition other wastes produced during operation. In
accordance with this order, Hifrensa removed the spent fuel (high level
radioactive waste) and returned it to France for reprocessing as well as conditioning the low and intermediate level radioactive waste (such as silo graphite).
The ministerial order also requested that the Spanish national radioactive
waste company (Empresa Nacional de Residuos Radiactivos, S.A. —
ENRESA) draw up a decommissioning and dismantling plan and that this be
submitted to the Ministry of Industry and Energy for approval. The order also
stipulated that when the plan had been approved by the Ministry and following
a favourable report by the Nuclear Safety Council, ENRESA would be
empowered to become the operating organization responsible for the plant in
order for it to carry out the dismantling tasks.
In June 1991, ENRESA submitted a document analysing the different
alternatives for decommissioning of the plant, along with the most feasible
proposals, taking into account the different aspects of conditioning and dismantling. In 1992, following a favourable report by the Nuclear Safety Council, the
Directorate General for Energy accepted the dismantling alternative proposed
by ENRESA which basically consisted of dismantling all the plant structures,
equipment and systems except for the nuclear reactor shield and other
protective elements.
At the same time the Ministry of Industry and Energy requested that
ENRESA submit a decommissioning and dismantling plan within 18 months.
In May 1994 ENRESA submitted the Vandellós 1 dismantling plan to the
Provincial Directorate of the Ministry of Industry and Energy in Tarragona.
Following approval of this plan, a favourable report by the Nuclear Safety
Council and approval of an environmental impact statement by the Ministry of
the Environment, ENRESA will become the operating organization responsible
for the NPP until completion of the work.
Subsequently Hifrensa, as plant owner, will take charge of the free
release part of the site following a check by the authorities, the Nuclear Safety
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Council and the Ministry of Industry and Energy that the work performed by
ENRESA is in compliance with the dismantling plan. The Vandellós 1 NPP is
the first plant to be dismantled in Spain and one of the first commercial power
plants to be dismantled anywhere.
I–10.2. Decommissioning strategy
Prior to submission of the plan, ENRESA carried out various preliminary
studies on the status of the facility, the technologies available and the
experience acquired from the decommissioning and dismantling activities at
similar plants in other countries. Three main decommissioning strategies were
studied:
(1)
(2)
(3)

Indefinite maintenance in the shutdown state;
Safe enclosure of the defuelled reactor vessel and its contents, together
with decontamination of most of the rest of the site;
Immediate dismantling and release of the whole site.

The Ministry of Industry and Energy chose the second option and
stipulated that once the spent fuel and radioactive operating wastes had been
removed, most of the structures and components outside the reactor shield
would be dismantled, except those which ensured confinement of the shield up
to the end of the latency period. This option offered several advantages over
the other alternatives, including reductions in risk and potential failures of
systems and components. It minimized both the generation of secondary wastes
and the costs of implementation, surveillance and conservation. The reactor
shield will be suitably isolated and all external connections and penetrations
will be closed, blocked and sealed allowing the residual activity contained in
them to decay with time.
A series of activities will be undertaken to keep the shield safe, which will
include carrying out structural conservation/degradation studies, installing
suitable surveillance and control systems and implementing the maintenance
plan to guarantee safe isolation of the reactor during the latency period. The
site surveillance boundary will be reduced by about 80% by following this
decommissioning and dismantling strategy. From the technical and operational
points of view the dismantling project is considered to be very feasible since it
is to use straightforward technologies and well proven working methods and
tools. The different phases of the dismantling project are shown in Table I–VI.
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TABLE I–VI. DISMANTLING SCHEDULE
Phases
1998

1999 2000 2001 2002

Preparatory activities
Dismantling of active parts
Decontamination of major items and zones
Isolation of the reactor
Scarifying of wall surfaces
Dismantling of graphite silos
Disassembly of conventional items
Reactor building and latency period
infrastructures

Dismantling of other buildings and installations

I–10.3. The post-operational phase (transition phase)
The post-operational transition phase includes the periods during which
Hifrensa proposed keeping the plant in a safe shutdown condition and the
period addressed by ENRESA prior to the actual dismantling, called ‘preparatory activities’ in Table I–VI. The preliminary activities carried out by
Hifrensa included the following:
(a)
(b)
(c)

(d)

Defuelling of the reactor and removal of fuel from the site.
Conditioning of operational wastes and extraction and preconditioning of
wastes kept in the graphite silos.
Draining the various circuits; in some cases this was followed by a decontamination of the circuits in order to reduce the dose rates for subsequent
dismantling work.
Conventional dismantling operations, such as those affecting the CO2
tanks, steam generator and the main turbine (Fig. I–28).
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FIG. I–28. Vandellós NPP unit 1, cutting steam generator pipes.

(e)
(f)
(g)

Taking non-essential systems out of service.
Reduction or removal of the fire hazard and risk of possible uncontrolled
release of toxic substances.
Radiological characterization to provide radiological information on the
shut down reactor, to facilitate decisions on other decommissioning steps
such as decontamination, dismantling and removal of components and
equipment, demolition of structures, management of decommissioning
waste, estimates of future radionuclide inventories and the funding of
decommissioning activities.

The preparatory activities carried out by ENRESA in 1998 included
installation of new systems and facilities, modifications to existing systems and
removal of specific conventional systems and components in order to meet the
requirements of the decommissioning and dismantling plan. These nuclear and
non-nuclear activities included:
(1)
(2)
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Removal of systems not required for dismantling of the reactor;
Removal of inflammable and/or toxic components and systems;

(3)
(4)
(5)
(6)

(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

Modification of the electrical systems and installation of a new electricity
distribution system to meet future dismantling needs;
Installation of new ventilation systems in radiologically controlled areas;
Replacement of the control room with an integrated surveillance post;
Transfer of the management and administration offices to the eastern end
of the site in order to clearly separate administrative and works related
activities;
Modification of the effluent treatment and dilution system;
Modification of the materials decontamination workshop;
Modification of the fire fighting system and training of the fire brigade;
Construction of the materials cutting and conditioning workshop;
Design and construction of a storage building to lodge the radioactive
wastes generated during the dismantling;
Enhancement of the medical service and its equipment;
Installation of a new entrance to the reactor building and a radiological
control post at the exit;
Installation of a weighing station and radiological control gate monitor
for transport vehicles leaving the site;
Amendment of the management/operating organization to meet future
decommissioning and dismantling requirements as shown in Fig. I–29;
Equipping of the materials management cutting workshop;

Site manager

Deputy director
Administration
and services
Communication
and training

Technical management

Quality control &
documentation

Materials
control

Engineering

Technical
office

Operation
and
maintenance

Radiological
protection and safety

Execution

Radiological
protection

Physical
security

Industrial
security

FIG. I–29. Organization during the dismantling of unit 1 of the Vandellós NPP.
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(16) Dismantling and demolition of the plant’s auxiliary electrical systems
building;
(17) Removal of fuel tanks and demineralized water tanks;
(18) Disassembly of neutralization and chlorination pits and other minor
exterior installations;
(19) Demolition of the discharge channel, the demineralized water tank
foundations and the fuel transfer canopies.
I–10.4. Conclusions
The transition period at the Vandellós NPP has been essential to the
overall development of the decommissioning project in that it has allowed
infrastructures and systems to be adapted from their original operational status
to meet the future needs of decommissioning and dismantling. In particular, it
has been used to study, review and modify the organizational management
arrangements, the documents needed for future plant operation, site characterization aspects, nuclear and non-nuclear plant systems and components that are
both required or affected by the decommissioning and dismantling programme.

I–11. THE TRANSITION PERIOD AT UNIT 1
OF THE BARSEBÄCK NPP, SWEDEN
I–11.1. Introduction
I–11.1.1. Nuclear power in Sweden
Total electrical energy production in Sweden is in excess of 150 TW·h,
almost equally divided between nuclear and hydroelectric power. Sweden also
imports and exports electricity as required, principally due to the ready availability of hydroelectric power.
The total net output from nuclear energy is around 10 000 MW(e),
provided by 11 operational light water reactors (8 BWRs and 3 PWRs), all
commissioned between 1972 and 1985. These reactors are located at Forsmark
(owned by Vattenfall), Oskarshamn (owned by OKG AB), Ringhals (owned by
Vattenfall) and Barsebäck (owned by Sydkraft) [I–7].
I–11.1.2. Decommissioning of Barsebäck 1
In 1997 the Swedish Parliament passed legislation on the decommissioning of nuclear energy. The legislation gives Parliament the right to decide
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which nuclear reactors shall cease operations. On 5 February 1998, under this
legislation, the Swedish Government took the decision to close Barsebäck from
June 1998. An appeal to the Supreme Administrative Court resulted in a
temporary postponement of the closure. The Court subsequently declared that
the Government’s decision should stand and Barsebäck 1 was closed on 30
November 1999.
The management company at Barsebäck 1, together with the trade
unions, initiated a series of projects called Framtidsfabriken/Nya Fabriken (the
factory of the future/the new factory) whose purpose was to conduct a broad
pilot study of possible future scenarios and to consider these from the
perspective of the company and the individual. The work was done with
extensive participation of the staff at Barsebäck Kraft AB, resulting in:
(a)
(b)
(c)
(d)
(e)
(f)

Proposals for changes to the company’s quality system,
Proposals for future changes to the organization and appropriate
management arrangements,
Proposals for meeting future skill requirements,
Establishment of a mentoring system to pass on skills and experience,
Ensurance of security for employees and safeguarding resources for
Barsebäck Kraft AB through different forms of employment guarantees,
Opportunities for agreed retirement schemes for those over the age of 60.

The possible future closure of Barsebäck 2 depends upon the balance
between the resultant loss of electricity being compensated for by new
electricity generation and reduced electricity consumption. This balance could
be achieved through measures such as increasing the supply of electricity from
renewable energy sources and through reduced electricity consumption. The
Government made an assessment in 2001 which found that closure could not be
fully justified without further review of its implications concerning future
shortfalls in national energy requirements, electricity prices, supply of
electricity to industry, the power balance, the environment and the climate.
A further review was planned [I–8 to I–11].
I–11.2. Barsebäck
I–11.2.1. The plant
The Barsebäck NPP, owned by Sydkraft AB, is located in southern
Sweden along the coast opposite Denmark. It comprises the following reactor
units:
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(a)

(b)

Barsebäck 1
Type: BWR,
Capacity: 615 MW(e),
Start of operation: 1975,
Supplier: ABB Atom (currently Westinghouse Atom AB),
Owner: Sydkraft,
Operating organization: Barsebäck Kraft AB, Vattenfall,
Production: Total 100 TW·h (1999),
Status: Permanently shut down since 30 November 1999,
decommissioning is ongoing.
Barsebäck 2
Type: BWR,
Capacity: 615 MW(e),
Start of operation: 1977,
Supplier: ABB Atom (currently Westinghouse Atom AB),
Owner: Sydkraft AB,
Operating organization: Barsebäck Kraft AB, Vattenfall,
Production: Total 99 TW·h (2001),
Status: Fully operational.

Barsebäck 1 and 2 are adjacent to one another and are connected by
buildings that house electrical systems, processing systems, control rooms and
staff rooms. For reasons of reactor safety it has been decided that demolition of
Barsebäck 1 will not begin as long as Barsebäck 2 is operational.
I–11.2.2. Special arrangements
Several complex agreements were reached between the Swedish
Parliament and Sydkraft, the owners, before decommissioning of Barsebäck 1.
In broad terms these involved:
(a)
(b)

(c)
(d)
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Sydkraft AB remaining as the owner of the Barsebäck 1 and 2 plants and
being responsible for future demolition, spent fuel and demolition waste;
Barsebäck Kraft AB, previously a subsidiary of Sydkraft, now being part
of the operations of the government owned electricity generator Ringhals
Vattenfall AB;
74% of Ringhals/Barsebäck Kraft AB to be owned by the government
owned Vattenfall, with 26% owned by the privately owned Sydkraft;
Barsebäck Kraft AB being responsible for decommissioning and service
operations, as well as producing plans for the future demolition of
Barsebäck 1;

(e)

The Swedish nuclear authorities (the National Swedish Nuclear Power
Inspectorate and the Swedish Radiation Protection Institute) deciding
that the Barsebäck nuclear operating licences should be held by
Barsebäck Kraft AB, with all official contact with the various authorities
being the responsibility of these parties [I–12, I–13].

I–11.2.3. The organizational structure of Ringhalsgruppen
On 1 April 2002 Ringhals and Barsebäck Kraft AB merged to form a new
organization called Ringhalsgruppen which has a total of 1500 employees, 1375
from Ringhals and 125 from Barsebäck Kraft AB. While the two companies
remain separate legal entities, Ringhalsgruppen has a single Chief Executive
Officer and comprises five separate production units, R1, R2, R3, R4 plus an
additional B2 unit, together with one decommissioning unit, B1, as shown in
Fig. I–30. Barsebäck Kraft AB (BKAB) has its own independent safety and
environmental staff and operates a production unit (B2) which has overall
responsibility for Barsebäck 2 operations, and a decommissioning unit (B1)
that has 6 employees and has overall responsibility for the shut down
Barsebäck 1 plant. Services such as maintenance, projects and administration
are procured from the implementation side of Ringhals AB.
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FIG. I–30. Organization of Ringhalsgruppen.
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I–11.3. Legislation and authorities
I–11.3.1. Legislation
I–11.3.1.1. Kärntekniklagen (1984:3) (Nuclear Technology Act)
This legislation applies to nuclear energy activities such as the
construction, ownership or operation of NPPs. According to this legislation a
company with permission to operate a nuclear power plant is fully responsible
for the secure handling and ultimate disposal of nuclear waste. This also
includes future demolition of the nuclear power plant as well as conducting the
necessary research and development work associated with ultimate disposal
methods. According to the framework agreement reached between the
Swedish Parliament, Sydkraft AB and Vattenfall AB the responsibility for
Barsebäck lies with its owners, Sydkraftkoncernen [I–14].
I–11.3.1.2. Strålskyddslagen (1988:220) (Radiation Protection Act)
The purpose of this act is to protect people, animals and the environment
from the damaging effects of radiation, including both ionizing and nonionizing radiation [I–15].
I–11.3.1.3. Finansieringslagen (1992:1537) (financing of future costs
for spent nuclear fuel, etc.)
The costs of demolition and ultimate disposal will be handled through a
financing system based on a fee to the government per kilowatt-hour produced
that the reactor owners include in the price of electricity. The Government
Kärnavfallsfonden (nuclear waste fund) manages the funds that are built up in
this way. The disposal of all nuclear waste is the responsibility of Svensk
Kärnbränslehantering AB (SKB), which is owned by the companies that
produce electricity at nuclear power plants.
The waste transportation arrangements and facilities include the ship
M/S Sigyn, a final disposal facility for short lived operational radioactive waste
(SFR) at Forsmark and an interim storage facility for spent nuclear fuel
(CLAB) at Oskarshamn. A final disposal facility for short lived radioactive
dismantling and demolition waste (SFR-3) has yet to be built at Forsmark and
is expected to be completed in 2015. The deep storage facility for spent nuclear
fuel is anticipated to commence initial operations in 2015 and the facility for
the ultimate disposal of long lived radioactive waste, such as core components,
is expected to be ready in 2045. To date the nuclear waste funds have enabled
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SKB to build and operate CLAB, the M/S Sigyn transport system, the Äspö
rock laboratory and the associated costs of research and development [I–16 to
I–18].
I–11.3.1.4. Miljöbalken (The Environmental Code)
The Environmental Code came into force on 1 January 1999 and provides
co-ordinated, broadened and enhanced environmental legislation for
sustainable development. It consolidates the regulations from fifteen previous
environmental laws [I–19].
I–11.3.2. Authorities
I–11.3.2.1. Swedish Nuclear Power Inspectorate (SKI)
The Swedish Nuclear Power Inspectorate is the national authority that
checks to ensure that the nuclear licence holders meet the necessary plant
operational safety requirements, including control of nuclear material plus the
handling and ultimate disposal of nuclear wastes. The Swedish Nuclear Power
Inspectorate also contributes to the development of nuclear safety work [I–20].
I–11.3.2.2. Swedish Radiation Protection Authority (SSI)
The Swedish Radiation Protection Authority is responsible for ensuring
that the damaging effects of radiation on people and the environment are
minimized [I–21].
I–11.3.2.3. National Swedish Environment Protection Board
The National Swedish Environment Protection Board is a government
environmental authority that works towards ecologically sustainable development. The Swedish Government has commissioned the Board to co-ordinate
and be the driving force in environmental work both nationally and internationally [I–22].
I–11.3.2.4. County Council
Each county in Sweden has a County Council, a government authority
whose principal task is to act on behalf of the Parliament and to implement
government decisions.
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One of the roles of the Council is to act as the voice of its constituents and
ensure that the county is developed according to the wishes of its population.
This role includes monitoring the environment by inspecting industries,
environmentally hazardous waste, health aspects and energy requirements.
Each County Council has a delegation that scrutinizes the environment as
required by the Environmental Code [I–23].
I–11.3.3. Licensing requirements [I–19, I–24]
I–11.3.3.1. Swedish Nuclear Power Inspectorate
Regulation SKIFS 1998:1 requires that the measures necessary to contain
nuclear waste be documented in a plan before the decommissioning and
demolition of a plant commences. This plan has to be safety checked, assessed
and approved by SKI.
I–11.3.3.2. Swedish Radiation Protection Authority
The SSI is responsible for preparing the necessary planning regulations
prior to and during the decommissioning of an NPP.
I–11.3.3.3. County Council and National Swedish Environment Protection
Board
An environmental impact description (miljökonsekvens beskrivning
(MKB)) has to be produced by the power plant owner before the
commencement of demolition. It has to highlight a broad spectrum of issues,
including describing the direct and indirect effects of the demolition activities
on people, animals, plants, the ground, water, air, climate and the countryside.
I–11.3.4. Licence approval
Currently, under the Nuclear Technology Act, no further licence is
required to decommission and demolish a Swedish NPP as these activities are
already covered by the operating licence. Hence, by law, this provides the
owners with the right to decommission and demolish a plant within the
framework of the licence already issued without resort to further licences.
However, future decommissioning and demolition will almost certainly be
taken forward following an assessment of the decommissioning and demolition
methods and their environmental consequences.
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I–11.4. Barsebäck 1 decommissioning strategy
A strategic plan for the decommissioning of Barsebäck 1 has been
produced and submitted to SKI and SSI.
The plant owner, Sydkraft AB, is responsible for the future demolition of
Barsebäck 1 and 2. Figure I–31 details the strategic planning for decommissioning the Barsebäck NPP. Demolition of Barsebäck 1 will probably not begin
before 2020 due to the following factors:
(a)

(b)
(c)

Demolition of Barsebäck 1 will not commence as long as Barsebäck 2 is in
operation. On the basis of a 40 year service life, Barsebäck 2 will not be
shut down before 2017.
Barsebäck 1 and 2 will probably be demolished as a joint project and thus
the start of demolition could be further postponed.
The SFR-3 facility for the final disposal of short lived radioactive
demolition waste is not expected to be completed before 2015.

In light of these factors it is not considered appropriate at present to
commence comprehensive or detailed planning of the actual demolition phase
for B1. In the immediate future it is more important to carry out a number of
initial investigations and to produce the plant documentation that will be
needed for procuring and implementing the demolition work and, in parallel,
develop general skills required for the demolition process. Pre-project activities
such as project structuring, environmental impact descriptions, production of
safety reports, gaining approval, etc. for the final demolition phase are planned
to begin 4 to 5 years before the implementation phase [I–25].

Status
According to the time schedule
the final repository for
dismantling waste will be ready
Operation B2

Shutdown
operation Service
operation
B2
B2
Preparation
for dismantling Dismantling
of B1
B1
Preproject

Shutdown
operation
B1
Service operation B1
Buildup of knowledge for dismantling
2000

2002

2015

2020

Dismantling
B2
2025

Year

FIG. I–31. Planning scenario for decommissioning of the Barsebäck NPP.
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I–11.5. Barsebäck 1 shutdown/service operations
I–11.5.1. General
Barsebäck Kraft AB was reorganized in May 2000 and produced new
organizational and management criteria for conducting decommissioning
activities in parallel with ongoing operations. The new integrated organization,
outlined above, was formed on 1 April 2002.
Following the removal of all the fuel from the reactor in late 2001,
Barsebäck 1 has been in a so called ‘service operations’ period and will remain
in this phase for a considerable period. The main aim of this phase is to prevent
the inadvertent spread of radioactivity into the surrounding areas and to
minimize the impact on the continued operation of the Barsebäck 2 reactor
[I–25 to I–29].
I–11.5.2. Completed activities
I–11.5.2.1. Fuel aspects
All the fuel was discharged from the reactor immediately after shutdown.
A new project was also initiated to reuse the fuel elements and transport these
to Barsebäck 2 with the remaining spent fuel being transported to CLAB. The
fuel was transferred between Barsebäck 1 and 2 using new techniques which
involved transferring the fuel in fuel containers that were not completely filled
with water, thereby allowing a certain degree of expansion caused by potential
pressure and temperature increases. This method of fuel transfer was very
successful and the resultant pressure and temperature increases were minimal.
These activities went entirely according to plan and were completed in
December 2001, the start of the service operations period for Barsebäck 1.
I–11.5.2.2. Project 327 EB 1
This project enhanced the safety of the operational Barsebäck 2 plant and
its auxiliary feedwater system electrical supply arrangements by utilizing
redundant systems, electrical supply and cable routes from Barsebäck 1, as
required.
I–11.5.2.3. Safety related technical specifications
Safety related technical specifications provide the approved framework
within which allowed reactor plant operations take place with due regard to the
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safety of the surroundings and the environment. The likelihood of a serious
nuclear accident at the Barsebäck 1 plant has been effectively reduced to zero
as all nuclear fuel was removed by 12 December 2001.
However, as there are still residual radioactive products at the plant the
specifications concentrate on preventing uncontrolled emissions of radioactive
material or airborne radioactivity into the surroundings and the environment,
radiological protection of plant employees and ensuring that Barsebäck 1 does
not jeopardize safety at the operational Barsebäck 2 plant.
I–11.5.3. Current activities
I–11.5.3.1. Monitoring and maintenance during the service operations period
Some systems and components need to be kept operating during the
entire service operations period. An evaluation is currently in progress to
determine the number of components and spare parts needed for both
Barsebäck 1 and 2. For Barsebäck 2 the main criteria are operational availability, audit requirements, unplanned downtime, new acquisition costs and
component obsolescence, as well as the capability of the various manufacturers
to deliver components. The aim of this evaluation is to identify, secure and
preserve all vital strategic components and spare parts.
The required status of the plant just prior to planned demolition is also
being examined to determine the amount of plant maintenance needed during
the service operation period. The actual maintenance that will be carried out
will depend on several factors such as safety and costs. This examination will
determine whether it is safe, feasible and cost effective to maintain certain
systems at current or reduced levels or to do nothing and eventually reinstate
them to the required status just prior to demolition.
For example, the main power generators and turbines have been
preserved as they have a large number of electric motors and pumps, and it has
been determined that the transformers can be shut down for a long period of
time without having to take special measures. Since plant closure in December
1999, the diesel generators and electrical apparatus room have been
maintained as operational units and have been used to provide an alternate and
separate supply to Barsebäck 2’s auxiliary feedwater system following RA2
(shutdown for overhaul at Barsebäck 2) in 2001.
Some monitoring will also be required in the future. This will be carried
out by the Barsebäck 2 operational shift staff as there will no longer be any
permanent monitoring staff in the control room at Barsebäck 1. All necessary
information will be routed to and monitored in the Barsebäck 2 control room.
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Personnel will also make routine rounds in Barsebäck 1 during the normal
working day.
I–11.5.3.2. Profiling of radiological activity
Radiological activity will be profiled at the Barsebäck 1 plant to provide
data for assessing future requirements for decontamination and waste
categorization.
I–11.5.3.3. Waste inventory
Following contamination and radiological activity profiling, a plant
specific inventory of waste quantities will be produced for Barsebäck 1 by
about 2005. This will be an update of an earlier SKB general summary of
typical waste volumes and quantities associated with demolition of a nuclear
power plant.
I–11.5.3.4. Decommissioning documentation
Previous national and international experience indicates that prior to the
demolition phase there has tended to be a shortfall in related plant documentation. Work is ongoing to clarify what documentation is required and ensure
that it will be available as required to meet the planned decommissioning,
dismantling and demolition project timescales. This work is scheduled to be
completed by the end of 2003.
I–11.5.3.5. The CONMOD project (reactor containment matters)
The European Commission and a four party consortium including Force
Technology (Denmark), Scanscot Technology (Sweden), Electricité de France
(France) and Barsebäck Kraft (Sweden) have agreed to carry out a joint
project called Concrete Containment Management using the Finite Element
Technique Combined with In Situ Non-destructive Testing of Conformity with
Respect to Design and Construction Quality (CONMOD) to look into reactor
containment matters. It will be carried out within the framework of the
Euratom programme which covers research and training in the field of nuclear
energy.
The project commenced on 1 January 2002 and will require three years. It
involves investigations into the safety aspects of concrete structures such as
containments at NPPs, which are subject to ageing processes that can reduce
their safety as well as their functional lifetimes. Serious problems with these
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structures have been known to result from defects caused at the construction
stage. In order to learn the actual status of concrete containments it is
necessary to apply investigative techniques that are capable of providing
information about the internal structure and condition of the concrete and its
reinforcement.
I–11.5.3.6. Developing demolition skills
The purpose of this study is to benefit from national and international
experience in reactor demolition techniques by creating a contact network of
authorities, power plants, experts, firms and others. This study has no set time
frame as it intends to retain current and future state of the art technologies,
methodologies and techniques right up to the commencement of actual
demolition.
Its purpose is to build up the knowledge base so that BKAB can deploy
the most up to date skills and resources to produce the necessary decommissioning documentation, secure the demolition licence and procure, control and
monitor the consultancy firm and contractors who will carry out final
demolition. Activities carried out to date include:
(a)

(b)

(c)
(d)

Forming a national demolition group under SKB’s management and
comprising representatives from the Swedish nuclear power companies.
The purpose of the group is to provide best estimates of future costs for
decommissioning power plants by focusing on demolition technologies,
logistical issues, the best technical solutions, and the processing and
handling of radiological wastes.
Making contact with other nuclear power plants worldwide currently
undergoing some form of decommissioning such as the NPPs at Ignalina
(Lithuania), Greifswald and Würgassen (Germany), Risø (Denmark) and
Vandellós 1 (Spain).
Contacting various contractors in order to understand their current and
future demolition methods.
Carrying out various decommissioning related assignments for the IAEA
in Vienna and the World Nuclear Association in London.

I–11.5.3.7. Future regeneration of the site
The Framtidsfabriken/Nya Fabriken project outlined above has investigated potential new business uses for the redundant Barsebäck 1 reactor.
Subject to further studies, these could include its future use as a spare parts
depot, a service and training centre, an experimental plant or facility for testing
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new technologies, school related activities, or for investigating pilot decommissioning projects.
I–11.5.3.8. Personnel matters
The closure of Barsebäck 1 and the uncertainty concerning BKAB’s
future has weighed heavily on many of its employees. The most important
challenge has been to maintain employee motivation and professionalism
despite this uncertainty to ensure that the future safety of the operational
Barsebäck 2 reactor is not compromised.
Changes have been made to the organizational and management
structure; employment guarantees have provided security; an employee
mentoring system has been set up and a design school has been established
giving employees the opportunity to be retrained for other duties. These and
other measures have resulted in an open and positive dialogue between
management and staff that has given individuals a greater sense of security and
choice when faced with an uncertain future.
I–11.6. Conclusions
The personnel, technical, logistical and management initiatives taken to
date will enable the operating company to maintain the necessary skills for
continued reactor operations at Barsebäck 2 while beginning the decommissioning project at the adjacent Barsebäck 1 reactor. Its position has been
further strengthened by Ringhals’ and Barsebäck’s new robust management
and organizational arrangements and has been greatly assisted by the ongoing
dialogue between the authorities, which have expressed a positive attitude to
new decommissioning work under way at Barsebäck 1.
A number of specific initiatives have either been carried out or are under
way to improve future decommissioning requirements and maintain and
improve existing nuclear safety standards at the operating reactor. These cover
personnel skills, training, plant modifications, maintenance requirements,
waste characterization studies, monitoring arrangements and containment
studies. Important studies are also under way to learn the best national and
international practices for future decommissioning, dismantling and
demolition, together with ongoing investigations into potential new uses for the
decommissioned site.
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I–12. TRANSITION FROM OPERATION TO DECOMMISSIONING OF
THE JASON REACTOR, UNITED KINGDOM
I–12.1. Introduction
Jason was a water/graphite moderated low power training and research
reactor of the Argonaut type, used at thermal power levels of up to 10 kW. It
was first taken critical at the Royal Naval College, Greenwich, London, in
November 1962, having been previously operated by the Hawker Siddley
Nuclear Power Corporation at Langley in the UK from February 1959. It was
used for training Ministry of Defence Naval (MoD(N)) personnel and others
involved in the naval nuclear submarine propulsion programme and for
research as a source of neutrons for irradiation and shielding investigations.
The decision to decommission Jason to the (then) IAEA stage 3 status
(unrestricted site use) was taken by the MoD(N) in 1996 following the
ministerial decision that the whole college would pass to non-defence use by
the millennium.
Jason was situated in King William building, which is a grade 1 listed
building within the college, which itself is a scheduled ancient monument
having world heritage site status. It had been operated at the college by the
MoD(N)’s Department of Nuclear Science and Technology (now called the
Nuclear Department, HMS Sultan) and was last shut down for annual
maintenance in July 1996. Prior to the decision to decommission, all fuel
modules had been removed and stored in the adjacent fuel storage pits within
the reactor hall, and extensive mechanical and electrical modifications and
remedial work were under way on the reactor hall crane. The decision to
decommission Jason was taken prior to completion of work on the crane.
Following the decision to decommission, a MoD(N) headquarters project
sponsor was appointed and three main civilian contracting firms were selected
through open competition to carry out project management, defuelling and
reactor dismantling activities. The civilian Jason project manager, from
AEA Technology (now Serco Assurance), was appointed in October 1996 with a
remit to produce an early viability report and decommissioning plan and to
project manage the overall decommissioning programme to (then) IAEA stage
3 status. An AEA Technology project manager (fuel removal) was appointed to
manage the removal of the Jason reactor fuel modules and their subsequent
transfer to British Nuclear Fuel Ltd’s (BNFL) Sellafield facility. NNC Holdings
Limited (NNC) were appointed as overall principle or prime contractor and
project manager (reactor dismantling) with a remit that included reactor dismantling, waste removal and subsequent radiological cleanup of the site [I–30, I–31].
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All such contractual appointments took place during the transition period
(Fig. I–32).
Following completion of POCO in June 1998, extensive fuel removal and
supporting equipment was erected and commissioned on-site and all fuel was
subsequently loaded into a UKAEA owned Unifetch fuel transfer flask within
the reactor hall. The flask was then removed from the building and subsequently transported by road to BNFL Sellafield in September 1998. The
completion of POCO and fuel removal marked the end of the transition phase
and the beginning of the dismantling phase.
The prime objective of the project was to safely decommission Jason to
time, cost and required quality [I–32, I–33]. The appointment of three main but
separate decommissioning contractors dictated the requirement for a suitable
and workable safety management system that satisfied the site licensee’s
mandated nuclear and radiological safety responsibilities. Many new decommissioning specific safety documents were written and the Jason operational
safety management arrangements and documents were extensively modified to
meet the new decommissioning requirements. These new arrangements
ensured that the site licensee’s nuclear and radiological safety responsibilities
were not compromised during each stage of the decommissioning process. They
also ensured that due process occurred for the approval of all safety related
documentation and that there was always adequate control of physical work on
the ground.

Project sponsor
MoD
Project manager
AEA Technology
Principal contractor
NNC

Fuel removal contractor
AEA Technology

Indermediate level waste disposal
Safeguard International

Fuel storage
BNFL

Independent peer review
RMC

Independent radiological survey
NRPB

FIG. I–32. The decommissioning project management team.
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I–12.2. Timescales
The three year deadline for completing the Jason decommissioning
project and subsequently vacating the college by the millennium was very short
in traditional reactor decommissioning terms. The management of the decommissioning project was undertaken at the same time as the management of
another major project to relocate the Department and its training facilities
from Greenwich, London to HMS Sultan, Hampshire. In addition, continuous
student training was required to be maintained throughout, initially at
Greenwich and, following relocation, at HMS Sultan. This had the potential to
reduce nuclear safety margins unless significant safety management resources
and arrangements were put in place.
The site licensee set up a series of dedicated safety management working
groups and decommissioning procedure authorization groups to augment the
normal operational management arrangements. The headquarters sponsoring
organizations also set up external project, press, public relations and local
planning approval teams. Additional nuclear engineering and safety personnel
were also recruited by the site licensee to augment the existing reactor
operational staff, whose remit was to concentrate solely on the decommissioning project.
I–12.3. Decommissioning plan
From the outset of the Jason decommissioning project is was clear that an
overall decommissioning plan would be required that interpreted and
referenced MoD(N), international and national nuclear safety policies and
provided the overall planning framework and safety justification for the tasks
undertaken during decommissioning. The first issue of the Jason decommissioning plan was approved in June 1997. Subsequent to that, a further three
issues were produced as the overall decommissioning project progressed. The
plan was just one of a whole set of safety documents that were produced as part
of the preparations for decommissioning.
The Ministry of Defence (MoD) had no previous practical experience in
decommissioning a shore based research reactor to unrestricted release status
or in producing and executing the necessary decommissioning plan. The
contracted AEA Technology Jason project manager had extensive previous
experience of reactor decommissioning projects and one of his first tasks on
appointment was to produce a viable decommissioning plan.
The plan provided the decommissioning framework by giving an
overview of the whole project, including the selected strategy, a description of
the decommissioning tasks and the means whereby they would be managed in
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a safe, timely and efficient manner. It also incorporated the decommissioning
programme, which provided a clear statement of the decommissioning tasks
and their schedule. The individual sections of the plan consisted of the
executive summary, introduction, description of the Jason facility, radioactive
inventory, hazardous substance inventory, as fitted equipment and systems list,
IAEA and national decommissioning strategies, the selected decommissioning
strategy, objectives, operations, methods, procedures, waste, environmental
monitoring, surveillance, safety management, safety documentation, resources
needed and the overall decommissioning programme.
The decommissioning plan was fundamental to carrying out a safe, timely
and efficient decommissioning project in that it provided the framework for the
whole project, including the selected strategy, the decommissioning tasks, the
means of executing those tasks and the necessary safety management
arrangements.
I–12.4. Operational safety case
The existing operational safety case for Jason consisted of a single
overarching safety document originally written in the early 1960s. This
document had been extensively revised over the years but retained its original
format and was supported by tiers of lower level documentation. The last major
revision of the safety document occurred in 1994 when it was brought up to
modern safety report standards. The document consisted of 19 sections
covering all aspects of the layout, structure, systems, power supplies, facilities,
waste management, radiological protection, safety management, safety
principles and safety criteria, hazard analysis, deterministic and probabilistic
safety assessments, operation, commissioning, modification, quality assurance
and decommissioning. Each section referred to other safety management or
controlling documents as necessary.
The decommissioning section of the safety document consisted of a basic
plan derived from the IAEA and Nuclear Installations Inspectorate (NII)
guidelines available at that time, covering outline regulatory requirements,
waste disposal, transport, environmental assessments, decommissioning plans,
safety evaluation, administrative controls, quality, emergency and security
arrangements. A new decommissioning safety case was worked up very early
on in the project, under contract by the AEA Technology Jason project
manager. It included consideration of the latest international and national
decommissioning guidelines and industry experience gained from previous low
power and research reactor decommissioning activities. This process took a
considerable amount of time and resources, which could have been signifi-
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cantly reduced had the existing operational safety case been more comprehensive and kept up to date with future decommissioning in mind.
I–12.5. Decommissioning safety case
The new Jason decommissioning safety case somewhat mirrored that
used for a standard nuclear construction project as, in common with most
decommissioning projects, facilities and structures had to be built for decommissioning. While POCO was carried out under the operational safety case,
using the standard modification procedures, the safety cases for the rest of the
transition period and subsequent dismantling consisted of two separate but
complementary sets of safety reports covering fuel removal and reactor
dismantling activities which were physically carried out by two different
contractors, AEA Technology and NNC. The overall decommissioning safety
case is shown in Fig. I–33.

DECOMMISSIONING SAFETY CASE
OPERATIONAL SAFETY CASE
POCO
DECOMMISSIONING PSR
OFF SITE TRIALS

DSR(FR)
PDSR(FR)

OBSERVED RUNS

COMMISSIONING
POSR(FR)
DEFUEL
PDSR(RD)
DSR(RD)

COMMISSIONING
POSR(RD)
REACTOR DISMANTLING
SITE CLEARANCE
POST-DECOMMISSIONING REPORT

FIG. I–33. The Jason decommissioning project (SR = safety report, FR = fuel removal,
RD = reactor dismantling, PD = pre-decommissioning, PO = pre-operational).
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The safety case consisted of a preliminary safety report, a series of design
substantiation reports covering both the defuelling and dismantling activities,
two pre-decommissioning safety reports, a series of commissioning schedules
and commissioning reports, two pre-operational safety reports and a single
post-decommissioning report. The top level design substantiation reports
consisted of the design report (fuel removal) and the design report (reactor
dismantling).
Following POCO, the following reports sequentially constituted the Jason
safety case:
(a)

(b)

Fuel removal. The pre-decommissioning safety report (fuel removal)
(PDSR), approved on 24 June 1998, and the pre-operational safety report
(fuel removal) (POSR(FR)), approved on 11 September 1998.
Reactor dismantling and waste removal. The pre-decommissioning safety
report (reactor dismantling), approved on 17 November 1998 and the
pre-operational safety report (reactor dismantling), approved on
17 December 1998.

The tight project timescales during the decommissioning of Jason dictated
parallel production, review and assessment of the majority of safety reports
associated with fuel removal and reactor dismantling, some of which took place
during POCO. Different contractors produced each set of reports so the
potential for document conflict was ever present. As an example of parallel
assessment, the later issues of the POSR(FR) would be reviewed during the
same period as the middle issues of the design report (reactor dismantling) and
the early issues of the PDSR. Each individual report necessarily contained
information from another report, which in itself was being amended and rewritten by a different contractor. Inevitably, the potential for some information
to be transferred in a cut and paste form could result in text from an early issue
being carried over with mistakes that had been edited out of the current
version of the document. Great care had to be taken by the reviewing
authorities to ensure that this did not reduce nuclear safety margins.
This problem was effectively mitigated by appointing a single expert
external independent peer review (IPR) team, under contract, to assess all
documentation during all phases of the decommissioning project, regardless of
its source of origin. The site licensee’s internal review process was also
enhanced by setting up a dedicated working group, which was effectively a
subcommittee to the full nuclear site safety committee, whose remit was to
review and assess all documentation prior to its submission to the full safety
committee. The potential problem was further mitigated by the Jason project
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manager’s review of all safety report related documentation prior to its
submission to the site licensee’s working group.
I–12.6. Client framework document
While the site licensee was authorised to operate Jason in accordance
with the conditions of operation, the actual day to day safety management
arrangements were detailed in mid to lower level documents. The plethora of
orders, instructions and procedures contained within these documents had the
potential to cause confusion, particularly among the decommissioning
contractors.
A single non-executive safety management framework document was
produced to provide the site licensee with a dedicated safety management
focus describing how his mandated nuclear, radiological and conventional
safety responsibilities would be managed during the decommissioning of Jason.
This framework document outlined the key points from the various documents,
covering departmental safety policy, regulatory control, quality assurance,
safety management organization, key personnel, safety groups, committees,
overall decommissioning policy, safety principles and criteria, facility area
definitions, document peer review and approval, safety responsibilities, control
of contractors, radiation protection, health and safety at work, audit and
inspection, reporting and investigating incidents and accidents, and emergency
response arrangements. Each section of the framework document referred to
the applicable executive controlling document as required.
I–12.7. Control of contractors
In addition to AEA Technology and NNC, a further thirteen major and
minor subcontractors were employed during the decommissioning of Jason,
many of which carried out work during the transition phase. In order to
maintain its mandated nuclear and radiological safety standards and responsibilities and to retain control of work on the ground, it was necessary for the site
licensee to provide suitable and workable safety management arrangements
and instructions to these various contractors. An organizational flowchart
showing the principal and major subcontractors for the Jason project is given in
Fig. I–34.
Contractor control instructions were written to ensure that the site
licensee maintained its nuclear safety responsibilities. These instructions were
produced in two parts. The first part specified the arrangements for controlling
the safety of work by contractors within the Jason decommissioning facility and
the second part specified how these arrangements would be complied with. The
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contractor control instructions encompassed training, qualifications and
experience for safety related post holders, written systems of work, personnel
protective equipment, safety monitoring, health and safety records, visitor
safety, operating rules, maintenance, inspection, testing, categorization,
document clearance procedures, occurrences, incidents, accidents and
emergency arrangements. Other instructions addressed radioactive and nonradioactive waste management, movement of radioactive and dangerous
materials, accounting for radioactive and nuclear materials, radiation, criticality
and general safety, hazardous substances and facility security. In total,
21 individual contractor control instructions were produced.
I–12.8. Safety committees
All nuclear safety reports, design substantiation reports and most of the
higher level nuclear safety management administrative documents had to be
endorsed by the full Jason reactor safety committee and the naval regulatory
authorities before being approved by the site licensee. The full safety
committee had traditionally met on a regular basis about three times per year
as dictated by the original Jason operating cycle. It was quite clear from the
onset that the membership and frequency of meeting of the full safety
committee had to be significantly increased to meet the tight project timescales.
The site licensee considered that the frequency of committee meetings could be
a potential treat to the timely completion of the programme, while recognizing

NNC
Peer review
RMC

Architectural work
Higgs & Hill

LLW transport
Johnson Controls

Waste handling equipment
UK Cranes

LLW disposal
BNFL

Radiological assay
IRAS

FIG. I–34. Principal and major subcontractors for the Jason decommissioning project.
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that the committee’s role was to provide advice and not necessarily to be driven
by any time and cost considerations.
Following the decision to decommission, the full safety committee met
six times in 1996, six times in 1997, seven times in 1998 and twice in 1999. Its
external membership was increased from four to six to include two more
members with previous experience of decommissioning activities. The site
licensee chaired the committee, which consisted of the six standing external
members, the site licensee’s deputy and his Jason decommissioning superintendent (JDS). Up to four other senior staff members attended meetings,
depending upon the agenda items.
The existing site licensee’s safety document review arrangements were
geared up to cater for the extensive internal and external peer review requirements, endorsement of safety related management documents and approval of
formal modifications to the safety cases that would inevitably be required
during the decommissioning project. To manage this due process effectively a
site licensee staffed Jason safety advisory working group (JSAWG) was set up
to provide the focus for these activities, effectively acting as the subcommittee
to the full safety committee. Its chairperson was the site licensee’s deputy and
all members were either duly authorized persons (DAPs) or suitably qualified
and experienced persons (SQEPs) from the site licensee’s staff.
External IPR of all important safety related documents was undertaken
prior to their submission to the JSAWG, carried out by an experienced
consulting firm called RMC Consultants, under contract to the decommissioning project. This form of due process was very rigorous and often resulted
in many document iterations. As every safety report and related document
presented to the full site safety committee had to undergo prior external IPR
and review by the JSAWG, the time spent obtaining full safety committee
endorsement was considerably reduced and almost seamless. It was the rule
rather than the exception that the respective contracted project manager and
safety report author attended particular committee meetings to provide clarification and focus. In the event, the safety committee’s considered advice to the
site licensee was most rigorous and was instrumental in maintaining nuclear
safety standards and the frequency of committee meetings met the tight project
timescales.
I–12.9. Training
The site licensee had an extant nuclear training and requirements plan
(NTRP) for Jason operations that listed all operational nuclear safety related
posts and detailed what qualifications and training requirements were
necessary for each post holder, the actual qualifications held and what training/
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qualifications would be required in the future. Each post holder was designated
as either a DAP or a SQEP, the appointment of which was approved in writing
by the site licensee. The NTRP had to be significantly amended to cover
decommissioning activities to include additional duties, extra client staff and, in
particular, numerous civilian contractors. The civilian contractors did not have
an equivalent to the NTRP.
The normal MoD contract placement process ensures that only suitably
qualified contracting firms who meet particular quality standards, including
individual employee training and experience requirements, will be appointed/
contracted to carry out nuclear related work with the MoD. To meet the
general requirements of the NTRP, AEA Technology and NNC were required
to forward career histories and qualifications of employees related to each
phase of the decommissioning project for consideration by the site licensee.
The site licensee formally approved the appointment of all Jason decommissioning contractors who were considered to be operating as DAPs, such as
the individual project managers and radiation protection advisers. He ‘noted’
the appointment of all other contractor SQEPs such as all site operatives and
off-site safety report authors. While the SQEP appointment was actually
authorized by the chief engineer (or equivalent) from the parent contractor’s
headquarters, the site licensee had veto power over any such appointment.
I–12.10. Control of nuclear related work
The arrangements for the control of nuclear related work included setting
up a Jason decommissioning procedure authorization group (JDPAG). The
JDPAG approved all nuclear and radiological safety work procedures or
method statements covering installation, commissioning, testing, fuel removal,
reactor dismantling, repair and maintenance on the Jason reactor and its
associated decommissioning facilities. JDPAG membership consisted of DAPs
and SQEPs from both the client organization and the contracted resident
engineers, together with the radiation protection adviser or operational health
physicist from either the fuel removal or reactor dismantling contractor, or
both, as appropriate. The JDPAG was chaired by a site licensee staff member
and attended by the licensee’s reactor engineer, health physicist and health and
safety officer.
Most nuclear procedures/method statements were written by the decommissioning contractors and followed a standard format similar to that used
elsewhere in the naval nuclear propulsion programme. This format included a
title and objective, a list of other relevant reference documents and a list of all
DAPs, SQEPs and other operatives involved in the procedure. All plant and
system line-ups and other prerequisites were then detailed together with any
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special precautions that needed to be taken. The nuclear procedure/method
statement then detailed all special equipment to be used and contained a job
specific hazard and risk assessment. The actual detailed execution of the work
was some way into the procedure and all job specific and generic emergency
actions that may have been required were at the back of the procedure.
The decommissioning contractors were not necessarily used to this level
of detail being prescribed in a method statement and were sometimes not fully
conversant with the principle of following its requirements verbatim. Once
approved these nuclear procedures or method statements could not be altered
in any way without formal change notice approval from the JDPAG. This
method of control was applied to all fuel removal and waste removal
equipment, activities and operations having direct or indirect nuclear and
radiological safety implications. A deliberate policy of separating work
prescription from work implementation was adopted throughout the Jason
decommissioning project, similar to that used at other naval nuclear propulsion
programme related sites, but not at other civilian nuclear sites in the UK.
Considerable time and resources were invested by the contractors to
become proficient in the production and execution of the type of method
statement required by the site licensee. In general terms, work prescription was
provided by the nuclear procedure or method statement, which had to be
approved by the JDPAG. Work implementation was effected by adherence to
the approved procedure by either the contractors or their subcontractors, as
appropriate. Each nuclear procedure or method statement had a nominated
procedure co-ordinator who was responsible for the correct sequencing of the
work with the individual persons carrying out that work, such as the contractors
being responsible for the required standards of workmanship and quality as
demanded by the procedure.
I–12.11. Continuity
At the same time as decommissioning, the department was in the process
of relocation as outlined above, which imposed additional management
constraints over and above those needed to safely manage the decommissioning process. The actual relocation of the department occurred in late
October 1998 immediately following fuel removal from the site in September
1998. Prior to fuel removal, considered to be the highest risk activity during the
decommissioning project, the site licensee and the full departmental
management team were on-site. In recognition of relocation and to aid
continuity, the existing operational Jason reactor manager was appointed early
on in the project as was the JDS, who would stay permanently on-site until
completion of the project.
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Notwithstanding the relocation of the department and the senior
operational management team, there was clearly a need to maintain an
adequate level of site licensee SQEPs to provide continuity and act as a client
oversight team throughout the decommissioning project. Three additional
dedicated full time chartered engineers, who had previous experience of
nuclear, decommissioning and project engineering matters, were recruited and
appointed to the Jason operational reactor engineering division prior to POCO.
Following relocation, the JDS and his resident decommissioning team were
permanently located within the decommissioning facility alongside the decommissioning contractors, acting as the client oversight team. In addition, the
JDPAG chairperson was also appointed as the JSAWG chairperson, which
conveniently combined the responsibilities for approval and review of all
nuclear procedures with those of documents and safety reports forwarded to
the full safety committee.
The JDS remained responsible for overseeing and control of work implementation by the various contractors, thereby maintaining the separation
between work prescription and implementation. The JDPAG/JSAWG chairperson, the JDS and his resident team were fundamental in providing
continuity and maintaining the site licensee’s nuclear and radiological safety
responsibilities during the middle to later stages of decommissioning when the
site licensee and his full management team had relocated.
I–12.12. Records
Jason’s operational, maintenance, modification and repair records since
installation were very comprehensive and had been scrupulously kept up to
date by dedicated operational staff. However, the original reactor installation
records (dating from about 1960) and the records of previous nuclear/radiation
related operations prior to the installation of Jason were not so comprehensive.
The lack of original installation records had the potential to delay the
completion of the decommissioning project, particularly during the final stages,
when unexpected tritium contamination was discovered that caused difficulty
in meeting the site’s radiological clearance criterion.
As decommissioning progressed, the contractors made good use of the
JDS’s knowledge of the reactor layout and its previous operational history.
In addition, the whereabouts of retired personnel became increasingly
important as they were able to provide the project with very valuable insights
and suggestions as the work progressed. This first hand knowledge became
crucial during the final stages of decommissioning where unexpected extensive
tritium contamination was found in the concrete floors outside the reactor hall,
which led directly to a two month delay in completion of the project. This
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tritium contamination was caused by previous neutron accelerator operations
that predated Jason operations. These previous operations came to light
primarily through personal contacts with retired personnel rather than through
existing operating records. Had this matter been known about or considered
earlier, the project delay might have been avoided.
I–12.13. Hold points and authority to proceed
Overall control of sequential packages of work was by means of the hold
point and authority to proceed (ATP) system. Hold points were defined early
on in the decommissioning project to divide its major work packages or phases
into safely manageable packages. The site licensee needed to have a workable
safety management hold point and ATP system in place to maintain nuclear
and radiological safety standards during the sequencing of decommissioning
work packages over and above the traditional work, time and cost based
project hold points that occur during any construction/demolition project.
A hold point strategy document was produced that divided up the major
work items of the decommissioning project into manageable phases that
maintained nuclear and radiological safety, rather than those traditional work
based packages that address standard project based time and cost considerations. Each hold point had its own particular completion criteria which would
have to be met before the ATP was granted to commence the next work
package and proceed to the next hold point. For example, verification of the
non-active commissioning of the fuel removal equipment, including completion
of defuelling training sessions and the approval of the POSR(FR) was required
before the ATP was granted by the site licensee to carry out the actual fuel
removal activities.
Within each major hold point there was a series of minor subhold points,
with each being cleared by a site licensee staffed acceptance group who would
issue an associated subhold point clearance certificate. For example, a subhold
point clearance certificate would be issued following correct installation of the
fuel removal equipment, and another following testing of the fuel removal
equipment prior to carrying out non-active commissioning trials.
The main project hold points were completion of POCO, commissioning
of the fuel removal equipment, defuelling, dismantling of the fuel removal
equipment, commissioning of the waste handling equipment, reactor
dismantling and waste removal, dismantling of the waste handling equipment,
radiological clearance of the site and final hand-over of the site. The clearance
of the majority of the hold points and subhold points was normally dictated by
the progress of work on the ground, but also invariably coincided with approval
of the relevant safety case, design report or commissioning schedule.
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I–12.14. Permits to work
Day-to-day control of work on the ground during decommissioning had
to be significantly upgraded from that in force during previous Jason
operations. A new permit to work (PTW) system was adopted, similar to that
adopted at other civil UK nuclear sites by the prime contractor, NNC. The
large number of personnel carrying out work on-site required the introduction
of a robust and comprehensive PTW and certificate of isolation (COI) system,
which was required to be in force throughout the decommissioning project to
maintain the site licensee’s nuclear, radiological and conventional safety
standards and responsibilities. It was also required to control the day-to-day
work related activities of all personnel working on-site, including the main
contractors, subcontractors and client staff.
The existing operational PTW and COI system was significantly
upgraded from that used during previous Jason operations. The PTW system
covered both nuclear and non-nuclear related activities and was worked up and
approved by the site licensee and the prime contractor. It was introduced over
a four week trial period alongside the existing permit system until its satisfactory operation was proven.
The overall PTW system consisted of a permit request form signed by a
contractor DAP or SQEP, a nuclear procedure (or method statement), a hazard
and risk assessment and a COI (for the various electrical and mechanical
services that needed to be isolated before the work commenced). The permit
had to be endorsed by the client’s health physicist and health and safety officer
before it was finally approved and formally issued to the contractor by the JDS.
The client health and safety officer, who was the single point of contact for all
permits, administered the day-to-day workings of the system which included
receipt, final issue, monitoring and daily mustering of all permits and certificates in force. All work undertaken within the Jason decommissioning facility
required an approved PTW and COI before work could commence, regardless
of whether that work was being undertaken by either the decommissioning
contractors or client staff.
I–12.15. Transition period activities
The major physical activities that took place during the transition period
were POCO and fuel removal. POCO consisted of disabling the reactor and
making preparations for fuel removal, including draining all primary, intermediate and secondary water systems and isolating all electrical power supplies to
the control rod drive motors, primary coolant pump, reactor control panel and
various other reactor control mechanisms and instrumentation systems. The
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startup neutron source was removed and transferred to Harwell as intermediate level waste (ILW) and many other small redundant calibration and test
sources were removed from the site. The reactor hall crane was refurbished and
fitted with modern protection devices. A number of unirradiated loose fuel
plates were made up into three standard fuel modules which made a total of
16 fuel modules, all of which were stored in the fuel pits. A series of calculations, assessments and measurements were carried out on the reactor fuel, core
components, graphite and shield blocks by the contractors, which included
taking various drilled core samples in the graphite and shield blocks. The
overall aim was to determine potential and measured dose rates and the
anticipated extent of the ILW, low level waste (LLW) and free release waste.
Major modifications were made to the building’s structure to facilitate
fuel removal from the reactor hall and to provide additional emergency exits.
This included removing the existing east door of the reactor hall and fitting a
new roller shutter door. The local emergency control room arrangements and
facilities were also modified and the nuclear safety emergency orders were
rewritten to reflect these modifications. The as fitted gamma monitoring
systems remained operable throughout the fuel removal phase. The as fitted
smoke detection and fire alarm systems were modified and the main access
corridors were fitted out with new fire retardant doors. All work on the reactor
and associated systems was carried out under nuclear procedural control and in
accordance with approved modifications to the operational nuclear safety case.
All physical POCO activities were complete by June 1998.
I–12.16. Fuel removal
Fuel had not been transferred from the college for about 25 years and fell
outside the scope of the operational nuclear safety case. The fuel removal
phase consisted of several interrelated off-site and on-site enabling,
preliminary and preparatory activities, including the procurement, preparation
and approval of the UKAEA owned Unifetch fuel transfer flask and the
design, manufacture, test, installation and commissioning of the equipment
needed to install the flask in the reactor hall. The overall aim was to transfer
the fuel from the fuel pits to the Unifetch, remove the flask from the reactor
hall and subsequently transport it by road to BNFL, Sellafield.
Initial preparatory work for fuel removal off the site consisted of the
design, manufacture, assembly and works testing of a purpose built large steel
transfer bridge to transfer the Unifetch flask in and out of the reactor hall, and
construction of a purpose built flask lid removal gantry and supporting
arrangements that were used within the reactor hall. Load and functional
testing was done at the manufacturer, witnessed by site licensee staff, the
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IPR team and the project management team. The other major off-site work
consisted of a full decontamination and maintenance programme on the
Unifetch flask, including the removal of all paint from the outside and a full
repaint.
Modifications were also made to interface the existing single module
Jason fuel flask with the Unifetch flask, as each of the 16 fuel modules had to be
moved individually from the fuel pits into the Unifetch. The existing Jason
gamma gate, which attached to the bottom of the Jason fuel flask, had to be
modified to interface with the Unifetch. A new Unifetch interfacing rotating
shield adapter plate was also manufactured, together with new lead shield
plugs to seal the individual fuel baskets in the Unifetch once each fuel module
was transferred. Trials were also carried out at the manufacturer to functionally
test the modified fuel handling equipment using a dummy fuel element.
Figure I–35 shows excerpts of the fuel removal operations.
Initial activities enabling fuel removal included carrying out additional
radiological surveys and the installation of new decommissioning health
physics facilities and equipment. An upgraded ventilation supply to the reactor
hall and an extraction system were also fitted, including a mobile filtration unit,
new ducting and fire dampers, HEPA filters, an airborne beta monitor, isokinetic air samplers and a tritium bubbler.
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FIG. I–35. Modified fuel removal flask for the Jason decommissioning project.
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All preparatory work on-site had to be very carefully managed in order to
protect the listed buildings and historical artefacts located underground
adjacent to the reactor hall from the effects of the heavy fuel transfer
equipment, i.e. cranes, lorries and the Unifetch fuel removal flask. A series of
interlocking metal ground protection mats were installed outside the reactor
hall to protect the artefacts from the Unifetch flask, the lifting crane and the
removal lorry. The basement areas under the reactor hall were also shored up
and strengthened by a series of interlocking wooden braces. The steel transfer
bridge was erected to transfer the Unifetch flask in and out of the reactor hall
via the east roller shutter door (Fig. I–36).
On-site commissioning trials of the fuel removal equipment included load
testing of the steel transfer bridge and transferring large test weights in and out
of the reactor hall while measuring bridge deflections and clearances, witnessed
by both the site licensee’s staff and the project management teams. The
Unifetch flask lid removal gantry and its support structures were installed
within the reactor hall immediately adjacent to the inner end of the transfer
bridge. Witnessed operational and load trials, including a statutory proof load
test, were also carried out. Non-active commissioning trials were then carried
out using the actual Unifetch flask, placing it on the outer end of the bridge,
transferring it into the reactor hall, and unbolting and removing the flask lid
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FIG. I–36. Fuel removal from the Jason site.
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using the newly constructed gantry. The shield and adapter plate were installed
and trials were carried out to gain precise alignment of the small gamma gate,
the hole in the shield plate and the selected fuel basket channel in the Unifetch.
Further trials were then carried out to confirm the fuel transfer route from the
fuel pits to the Unifetch flask and back using a dummy fuel module, the Jason
reactor hall crane and the Jason fuel transfer flask.
Additional trials were also made to determine whether a fuel module
could be transferred by manual grappling should that become necessary during
the defuelling process. The purpose of these trials was to test the equipment
and train the main and stand-by contractor fuel removal teams, site licensee
and management teams for both normal and emergency situations. The site
licensee and the naval regulatory authorities formally required that all the
members of the fuel removal teams be SQEPs as a result of previous training
and experience and that appropriate training be provided for the specific
operation of the Jason fuel transfer equipment. All individuals were required to
be competent in specific tasks and to be able to work together as a team. A
series of training runs ensured that the correct actions would be taken in the
event of an abnormal or emergency situation, either generic (e.g. fire) or
specific to refuelling (e.g. dropped load) situation. The overall aim was to
ensure that the management and execution of the fuel removal activities would
be efficient, effective and safe in all normal and emergency situations. Detailed
‘gun drill type’ defuelling and emergency procedures were worked up and
approved under procedural control to facilitate this requirement.
These internal training sessions were followed by two externally
witnessed ‘observed runs’. One observed run was carried out to meet the
requirements of the MoD(N) headquarters nuclear refuelling safety subcommittee (RSSC) which traditionally witnesses and endorses all practice
procedures prior to the actual defuelling and refuelling of a nuclear submarine.
These observed runs included emergency situations to test the reactions of the
defuelling teams. Formal RSSC acceptance of the observed run was required as
part of the overall approval process for the POSR(FR). A second observed run
was also carried out and witnessed by members of the Jason reactor safety
committee. Following approval of the POSR(FR) on 11 September 1998, the
site licensee gave his ATP to remove the fuel, which took two days. The fuel
was subsequently transported by road to Sellafield on 16 September 1998.
Similarly to most work related activities, all on-site preparatory and fuel
removal activities, including construction, erection, testing, commissioning,
training, observed runs, defuelling, flask transfer and fuel removal equipment
dismantling activities, were undertaken in accordance with approved permits to
work and certificates of isolation, authorized nuclear procedures (or method
statements) and approved modifications to the relevant decommissioning
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safety report (operational safety document, pre-decommissioning safety report
(fuel removal) or POSR(FR)).
I–12.17. Radiological protocols
The Jason reactor facility and college site was not licensed under the
Nuclear Installations Act but was effectively ‘licensed and regulated’ by the
naval regulatory authority and the chairperson of the naval nuclear regulatory
panel (CNNRP). While remaining under MoD(N) control, the site was
inspected by the NII under the Ionising Radiations Regulations. The site
complied with the governing regulations for the control of exposure to ionizing
radiation, transport of radioactive materials, and health and safety in general.
Nonetheless, the NII, the Environment Agency (EA) and the CNNRP agreed
that the EA would have primacy over the final radiological release of the site
for unrestricted future use. Prior to the commencement of the decommissioning project an application was made to the EA for ‘approval certificates’ to
accumulate decommissioning radioactive wastes on-site. The EA also issued
similar certificates to dispose of radioactive wastes from the site, covering the
relative amounts and respective radioactive nuclide limits for gaseous, aqueous
and solid wastes.
Early on in the decommissioning project it was realized that a formal
protocol would be required to define the strategy for the final survey of the site
and determine the actual radiological site release criterion. In addition to the
necessary site cleanup and internal survey, it was also recognized that the final
independent radiological survey (IRS) should include the whole site, including
the decommissioning facility. It was also considered that this survey should be
carried out by an organization of high international and national standing in
the radiological field. Numerous meetings took place during the transition
period between the NII, EA, CNNRP and the site licensee to work up and
agree to the survey and clearance criterion protocols. The agreed protocol
stated that the EA would issue ‘revocation notices’ for the accumulation,
storage, discharge and disposal of radioactive substances on the site once they
were satisfied that the site had been comprehensively surveyed and met their
release criterion, which would signify that the site could be subsequently used
with no radiological restrictions. The National Radiological Protection Board
(NRPB) was contracted to carry out the IRS according to the agreed protocol.
The board would then provide the EA with a comprehensive survey report for
each area surveyed. From a technical and public relations point of view, the
NRPB was considered to be one of the most suitable, independent, competent
and most widely recognized organizations available in the UK to undertake
this final radiological survey.
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I–12.18. Conclusion
The safety management arrangements, work control procedures and
protocols put in place by the MoD(N) to safely manage both POCO and fuel
removal during the transition from operation to decommissioning of the Jason
reactor helped to maintain the site licensee’s nuclear, radiological and conventional safety responsibilities. While some of these arrangements and protocols
may be specific to low power reactors, the MoD(N) and the UK, many are
generic and can readily be applied to the transition phase in the decommissioning of nuclear reactors or nuclear installations internationally.

I–13. TRANSITION FROM OPERATION TO DECOMMISSIONING OF
UKAEA’s RESEARCH FACILITIES
I–13.1. Introduction
In the late 1980s and early 1990s the amount of nuclear research and
development conducted by UKAEA decreased, particularly in the
development of fast (neutron) reactors and the associated fuel cycle
technology. Over this period all of its fission reactors were closed as were many
of the facilities supporting the research and development programmes.
The role of UKAEA today is:
(a)

(b)
(c)

Restoration of its sites by decommissioning all redundant plants, cleanup
of those sites, management of all wastes and, where appropriate, site
delicensing;
Fusion research (at its Culham site);
Maintenance of security at its nuclear sites and materials.

Most of the funding for these activities is made available by the
Government of the UK (Department of Trade and Industry). UKAEA’s
mandate includes decommissioning of experimental, prototype and materials
test reactors, radiochemical plants, chemical engineering development
facilities, materials/waste storage buildings, heavily shielded post-irradiation
examination facilities, plutonium handling and processing equipment and a
number of particle accelerators. This mix results in a wide variation in the
extent of any radioactive contamination and type of hazardous material
present (beryllium, sodium, organic solvents, etc.). The facilities date from the
1950s up to the present day. Consequently, particularly for the older facilities,
full records are not always available.

186

The decommissioning strategies are developed for each site and coordinated within the overall planning framework covering UKAEA as a whole.
In planning the decommissioning, the interactions between facilities and, in a
number of cases, between sites are considered, as are the ways the wastes will
be managed.
I–13.2. Planning tools
High quality programme, project planning and management were
identified early in UKAEA’s new role as drivers for the cost effective safe
delivery of the restoration programme. Thus, UKAEA developed a suite of
programme management tools to help manage this diverse range of liabilities.
These include:
I–13.2.1. A parametric cost estimating database (PRICE)
The PRICE is used to assist during the definition, planning and initiation
phases of decommissioning projects. The database is updated with feedback
from the tendering process and the eventual project costs. The system is used to
assist programme and project managers in making the case for adequate
financial provisions as an input to decommissioning option studies and option
selection.
I–13.2.2. A care and maintenance guidance document [I–34]
This guide (in conjunction with a workbook created with ACCESS) is
used to develop the most appropriate care and maintenance strategy for
redundant facilities. The system consists of a set of standard principles which,
together with the workbook and a questionnaire, guide the planner in a manner
that ensures that the appropriate safety and environmental standards are
maintained together with cost effective solutions.
I–13.2.3. A programme prioritization methodology
In order to manage within a range of constraints, UKAEA prioritizes at
the project and sub-project level within the overall decommissioning and waste
management programme. A multi-attribute analysis derives the prioritization
ranking, recognizing that human and financial resources do not permit all work
to be carried out immediately. In determining the final priority, however, it is
also necessary to recognize the constraints that arise from intra-programme
and inter-site dependencies.
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I–13.2.4. Strategic planning system software (SPS)
The SPS is a decision support software package which models the decommissioning and waste management programme and flows. It is used to assist
with the development of the overall site restoration programme and to provide
an auditable estimate of the total liability. The principal outputs are costs,
timings and utilization data for processes, waste storage and disposal facilities.
The SPS assists with decommissioning option studies and the production of an
optimized programme strategy.
I–13.2.5. Programme risk assessment and management
The nature of the restoration programme is such that there are inherent
risks at both the project and programme level. Such risks arise from a number
of sources ranging from the technical risk associated with the history of the
work undertaken to the socioeconomic or sociopolitical risk. However,
provision has been made in the programme to recognize and, where practical,
manage these risks. Assessment and control arrangements are included to
ensure that the risks involved in the decommissioning and waste management
processes are properly managed.
I–13.3. Overview of AECP 1085
Government policy in the UK is that the process of decommissioning
redundant plants and facilities is to be undertaken “as soon as it is reasonably
practicable to do so, taking account of all relevant factors” (Cm 2919,
para. 124). The policy of UKAEA on the timing of decommissioning requires
that the first phase of decommissioning be carried out immediately following
shutdown, with the timing of subsequent stages depending on individual
circumstances, interdependencies with other facilities, safety priorities and the
economic benefit to be gained from accelerated work.
In general, the process of decommissioning redundant UKAEA plants
and facilities is begun as soon as it is reasonably practical to do so and on a
timescale that ensures the systematic and progressive reduction of hazards. For
some facilities there may be planned hold points (in some cases for a number of
years) to improve overall safety and reduce the environmental impact of the
decommissioning process. During these periods the facility is kept in a ‘care
and maintenance’ state until the next stage of decommissioning. AECP 1085
provides guidance on the development of a cost effective care and maintenance
plan. The guidance can be applied to any chosen starting point (e.g. post-operational, post-first phase, etc.). Where little or no POCO or safety preparation
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has been carried out, the document can be applied to different options as a tool
to help define the optimal level of POCO and safety preparation. The main
steps in applying the guidance document are given in the following sections.
I–13.3.1. Establishment of the facility’s ‘baseline’ status
The baseline status is that of the facility at the point chosen to apply the
guidance document (i.e. the start point for the next phase of work). Baseline
information will typically include:
(a)

(b)
(c)
(d)
(e)
(f)

A list of all operating systems and equipment (including safety related
equipment) in the facility (e.g. ventilation systems, fire detection
equipment, water, gas and electricity supplies, operating rules and
instructions, etc.);
The current maintenance schedules and arrangements;
Inventories of radiological and hazardous materials;
The status of all structures, outbuildings, effluent delay tanks, etc.;
Staffing requirements;
Current environmental monitoring regimes in workplaces.

I–13.3.2. Carrying out of a preliminary hazard assessment
A preliminary hazard assessment is carried out to identify the areas
where physical and managerial safety systems will be required to control the
hazards that will be present during care and maintenance. Where POCO has
not been undertaken the preliminary assessment will also help to identify those
hazards that should be removed during this operation.
I–13.3.3. Assignment of approximate costs and drivers to each baseline system
The cost and driver for each baseline system is established. Typical drivers
include safety/legislative, people/occupancy, corrosion prevention, contamination control, environmental protection, etc.
I–13.3.4. Prioritization of systems for detailed analysis
Each of the facility’s systems is prioritized against cost and the applicability of the drivers under a care and maintenance regime is questioned. Each
(prioritized) system is further analysed to identify whether it can be modified,
reduced or removed altogether. All decisions must ensure safety and
compliance with legislation.
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I–13.3.5. Submission for formal hazard assessment
The formal hazard assessment will form part of the safety case covering
the care and maintenance period.
I–13.3.6. Preparation of the final report
A suggested format of the final report is meant to ensure consistency of
the care and maintenance plans for different facilities and sites. This report is
prepared by a suitably qualified and experienced team. Typically a team
comprises the facility manager, the maintenance manager, a radiological
protection advisor, and experts in safety, civil engineering, ventilation,
corrosion and project risk assessment. The following sections give two
examples of the transition from operations to decommissioning.
I–13.4. Materials testing reactors
The DIDO and PLUTO materials testing reactors operated at Harwell
until their closure in March 1990 (Fig. I–37). They both operated for over
30 years at various powers up to a maximum of 26 MW. The reactor cores were
designed to produce very high neutron fluxes which enabled the effects of long
term irradiation on materials to be tested in accelerated timescales.
The first phase of decommissioning commenced immediately after
shutdown. This involved routine operations to defuel the reactors and drain the
heavy water. The second phase started after approval of the decommissioning
safety case. Initial operations concentrated on the removal and disposal of the
test rigs having the highest inventory and the consolidation of the remainder
into shielded storage blocks. In addition, contaminated systems and unwanted
equipment were progressively cleared from the reactor containment buildings.
Studies showed that the existing ventilation systems were ageing and
were relatively expensive to maintain and operate. Therefore new systems were
installed in 1995. These now control both temperature and humidity to prevent
condensation and minimize corrosion within the core containment buildings.
New electricity supplies meeting modern standards were installed. These
supply only essential services (low voltage lighting, ventilation plant,
monitoring equipment, etc.).
Care and maintenance is now based upon assessments made in
accordance with AECP 1085. Both the radiological and environmental
monitoring regimes have been modified to reflect the hazard reductions
achieved during the transition from operation to care and maintenance.
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The reactor core containment buildings no longer require permanent
occupation but are fitted with monitoring systems that alert staff elsewhere on
the site if problems should arise. Many of the peripheral buildings have, where
possible, been decommissioned and demolished to ‘brown field’ status.
I–13.5. Decommissioning of building 351
Building 351 was a seven storey chemical engineering research facility
located at Harwell. In 40 years of operation it was occupied by many hundreds
of test rigs and pilot scale experimental plants, and housed dedicated
ventilation and liquid effluent delay systems. At its peak, over 200 R&D staff
populated the building, working on all aspects of the nuclear fuel cycle from
fuel fabrication studies to waste vitrification process development. As requirements changed there was less need for facilities of this type and building 351
was declared redundant in 1990. Unwanted equipment from earlier years
remained in over one hundred radiologically designated areas throughout the
building.
Initial analysis of possible strategies for the building included a thorough
examination of a variety of scenarios. This established that a steady decommissioning programme followed by demolition of the building was considerably
cheaper than delayed decommissioning after a period of care and maintenance.
Early decommissioning planning involved establishment of baseline information. This included surveying each area again and removing samples for
analysis to reduce the uncertainties regarding the radioactive inventory and the
nature of the chemicals present. Waste volume estimates and disposal routes
were also established using the information generated. Operating and
maintenance records were used as a source of data for preliminary safety case
assessments. Knowledge was also built up through interviews with plant
operators and health physics staff, and by searching archive records.
The POCO operations proceeded in parallel with planning to further
reduce uncertainties and hazards. The planning phase was also used to identify
and test the equipment required for the decommissioning phase. Efforts
concentrated on identifying appropriate levels of technology to solve specific
problems that had not arisen during operation or maintenance. Wherever
possible equipment (such as cutting tools, temporary containment and
ventilation systems, remote viewing and handling equipment) that could be
used on more than one rig or plant was specified. Redundant services and
supplies were isolated and removed where possible. Electricity to essential
equipment and lighting was supplied by new cables installed to aid the identification of ‘live’ power supplies during decommissioning operations. The main
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FIGURE I–37 LEGEND
(1) Reactor aluminium tank
containing heavy water
(2) Heavy water level
(3) Fuel element
(4) Vertical experimental hole
thimble
(5) Control signal arms (six)
(6) Experimental hole
(7) Top biological shield
(8) Graphite reflector
(9) Experimental holes
(10) Lead thermal shield
(water cooled)
(11) Reactor steel tank with boral
sheet lining
(12) Experimental hole entering
heavy water zone
(13) Experimental hole entering
graphite zone
(14) Vertical experimental hole
entering graphite
(15) Concrete biological shield
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(16) Reactor supporting structure
(17) First floor
(18) Thermal column
(19) Hollow stanchions
communicating with base of
reactor
(20) Steel top plate and ring
(21) Duct for experimental services
(22) Biological shield casing plates
(23) Ion chamber
(24) Fine control rod gear box
(25) Heavy water outlet pipe
(26) Heavy water storage tank
(27) Heavy water dump tank
(28) Heavy water heat exchangers
(29) Heavy water main circulation
pump
(30) Secondary cooling water piping
(to cooling towers)
(31) Heavy water emergency
circulator
(32) Experimental cooling system

FIG. I–37. Technical features of the DIDO reactor.
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decommissioning programme commenced in 1993/1994 and culminated in the
demolition of the building’s superstructure in 1997.
I–13.6. Conclusions
Successful decommissioning depends on thorough planning and a site
restoration programme. Such planning has to take constraints and motivators
into account, particularly the interdependencies between projects and sites.
Despite thorough planning, some inherent risks will remain. Their identification, assessment and management is an essential part of the programme
management function.
Establisment of facility baselines is essential and should involve collation
of information from all available sources. This should also be done by a team of
people with relevant technical expertise and appropriate experience.
Assessments made during the transition period can identify the appropriate
levels of technology to solve decommissioning problems and the equipment
that can be used for more than one application. Use of a number of specialized
planning tools, the involvement of a knowledgeable team of personnel and the
use of appropriate programme and project management techniques will ensure
the success and cost effectiveness of the restoration programmes.

I–14. THE TRANSITION TO DECOMMISSIONING IN THE USA
I–14.1. Introduction
Post-shutdown, pre-decommissioning experience in the USA can be
differentiated between two population groups of facilities, US Department of
Energy (USDOE) facilities and NPPs. In addition to these two population
groups there are also university owned research reactors, but as these are well
in the minority they are not discussed further here.
The USDOE is faced with many excess facilities that will eventually be
decommissioned. The department has been establishing and applying
systematic methods for stabilizing and placing such facilities in a deactivated
condition with caretaker surveillance and maintenance. Details of this
experience are readily accessible on the Internet.
In the case of NPPs, what once was perceived by many to be an increasing
trend toward decommissioning has abated. Therefore, there is limited interest
in NPP decommissioning in the USA. No closures are currently planned aside
from those already in process. Aside from these, the Electric Power Research
Institute has the most active NPP decommissioning technology programme.
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I–14.2. Distinguishing differences between decommissioning programmes
A variety of differences between USDOE facilities and commercial NPPs
result in a somewhat different situation with respect to decommissioning
programmes and planning.
I–14.2.1. Population characteristics of USDOE facilities
There are several thousand government owned and USDOE operated
facilities, of which 100–200 are major facilities and the rest are of lesser
significance. Among these, there is a wide variability in:
(a)

(b)
(c)
(d)
(e)

The types of facility and their purpose — reactors, chemical process,
radiation experimentation, industrial processes, storage of materials, fuel,
and waste — with missions such as nuclear energy research and
development for fission, fusion, propulsion, isotopic generators, isotope
production, materials development, weapons programmes and others;
The age of the facilities and design and construction codes dating back to
the 1940s;
Substantial physical degradation in many cases, depending on when the
facilities were last used;
Types and degree of contamination (many facilities have some degree of
alpha contamination);
Types of hazardous materials such as metallic sodium, acids, solvents, etc.

I–14.2.2. Population characteristics of US NPPs
Approximately 100 PWR and BWR NPPs are owned and operated by
electricity suppliers. These are characterized by:
(a)
(b)
(c)
(d)
(e)

Singularity of mission — the generation of electricity;
Similarity in design vintage (generally 25 years or younger);
Very robust construction with very little degradation in the nuclear steam
supply system and associated systems;
Predominantly beta–gamma contamination of almost all activated
corrosion products;
Almost no hazardous chemicals — primarily for water treatment — and
thus very little mixed waste.
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I–14.2.3. Differences in programmatic characteristics
Significant management and programmatic differences between USDOE
facilities and NPPs affect the approach to and current status of decommissioning, specifically:
(1)

(2)

(3)

Lifetime momentum: Many government programmes of nuclear related
research are on the wane; indeed much research is focused on decommissioning technologies and demonstrations. In contrast, NPPs have a steady,
identifiable, constant mission for which continuation has been enhanced
by:
(i) The recognition that reserve margins for electricity in the USA are
quite low,
(ii) Licence renewal rules that allow 60 years of operation.
Regulation: Regulation of government facilities is internalized for the
most part within independent government oversight organizations.
Government regulation of the transition to decommissioning is, by
necessity, functional in nature because of the wide variation in facilities.
Nuclear power plants are regulated by an independent agency, the
US Nuclear Regulatory Commission, which may be prescriptive as
needed because of the relative sameness of the NPPs.
Funding: Decommissioning government facilities is self funded and
generally budgeted on a year to year basis, competing with research and
development funds. Decommissioning trust funds are established for
NPPs and funded by electricity users over the lifetime of their operation.

Therefore, while some technological aspects such as ALARA, decontamination, remotely operated demolition and size reduction equipment,
analysis methods, etc. may be applicable to both USDOE facilities and NPPs,
the details of management and planning for decommissioning vary considerably between them.
I–14.3. The USDOE’s position
The USDOE has extensive experience in the transition of facilities from
an operating mission to permanent shutdown. The transition process is
becoming more systematic for many of the reasons discussed in this report.
This process is embodied in USDOE Orders and Guides that form the
regulatory bases that govern the end of a facility’s life cycle. These are:
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— DOE Order 430.1A: Life cycle asset management;
— DOE G 430.1-2: Implementation guide for surveillance and maintenance
during facility transition and disposition;
— DOE G 430.1-3: Deactivation implementation guide;
— DOE G 430.1-4: Decommissioning implementation guide;
— DOE G 430.1-5: Transition implementation guide.
Once a facility is no longer needed a decision is reached as to whether or
not it is to be promptly decommissioned, which rarely happens. The alternative
is to place the facility in a deactivated condition, which is defined as the process
of placing a facility in a stable and known condition, including the removal of
hazardous and radioactive materials to ensure adequate protection of the
workers, public health and safety, and the environment, thereby limiting the
long term cost of surveillance and maintenance. Actions include removing the
fuel, draining and/or de-energizing non-essential systems, removing stored
radioactive and hazardous materials, and related actions. Deactivation does not
include all the decontamination necessary for the dismantlement and
demolition phase of decommissioning, e.g. removal of contamination
remaining in the fixed structures and equipment after deactivation.
Deactivation is similar in concept to SE. The major difference is that many
USDOE facilities do not have containments as reactor plants do, so ‘enclosure’
does not apply in many cases. The key to deactivation is to ensure that
remaining hazards and contamination in a facility are controlled and immobile.
I–14.4. USDOE transition planning: Example 1, transfer of facilities to D&D
In the past, some facilities were declared redundant and essentially
abandoned without having been completely prepared for an extended period
of non-operation. While such facilities do not pose any uncontrolled safety or
environmental risk, this practice can result in higher decommissioning costs. As
a result, transfer of such facilities to D&D would result in expenditure for
actions that should have been taken earlier at lesser cost.
An approach was developed that is philosophically the same as
purchasing a house and having it inspected. A process was developed and tools
such as checklists and standard report formats were developed. Figure I–38
illustrates the process used to transfer a facility from an operating organization
to one that is to maintain it in an inactive condition. Table I–VII is an example
of a top level checklist of the actions that are used for such a transfer.
Complex facilities have been surveyed, pre-transfer conditions specified,
and post-transfer surveillance and maintenance defined. The results, when
converted into sufficiently detailed completion specifications (called end
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I. Define and survey the facility
(1) Identify the facility to be transferred to inactive status
(2) Provide pre-survey information
(3) Conduct survey

II. Conditions

III. S&M

IV. Information for transfer

Identify
(1) Significant hazards
(2) Other conditions of
concern
(3) Characterization needs

(1) State post-transfer S&M
(2) Estimate cost of posttransfer surveillance
and maintenance

(1) Identify real and personal property
(2) Identify regulatory and
contractual commitments
(3) Facility information package

V. Specify conditions for transfer
Define/propose:
(1) Define activities to be conducted as a condition of transfer
(2) Budget for post-transfer surveillance and maintenance
(3) Budget transfer from transferring organization

Budget/
conditions
established?

No

Resolve by
management

Yes
Transfer agreement

VI. Conduct transfer
(1)
(2)
(3)
(4)

Establish conditions
Verify
Transfer management responsibility
Initiate post-transfer S&M routines

FIG. I–38. Steps in the transition of a redundant facility to D&D.
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TABLE I–VII. TRANSFER CHECKLIST
Activity

Functions

Decision to proceed, planning The facility is declared redundant and a request is
initiated for transfer to inactive status. A schedule of
activities is identified using this checklist. Interface
contacts are identified in the transferring and recipient
organizations.
Determine physical
boundaries/transfer scope

Identify all structures, outbuildings, tanks, etc. that
should be included in the transfer. Identify any issues
related to separation of systems that serve other
facilities that are not to be transferred.

Conduct a facility survey

Determine the condition/status of structures and
systems. Identify what characterization is needed.
Identify the necessary pre-transfer operations.

Cost evaluation

Estimate the post-transfer surveillance and
maintenance (S&M) budget using a task basis.

Budget

Take the necessary budget actions.

Staffing

Identify staff that know the facility and would
contribute to continuity for deactivation or
decommissioning. Where possible, arrange for
reassignment.

Identification of actions to be Generate a list. For example, facility repairs to be
tracked prior to transfer as well completed, pre-transfer end points, contracts and
as other commitments that will purchase orders that need to remain in place, etc.
be assumed by the recipient
Permits, licences, agreements,
safety analysis, stakeholder
commitments, etc.

Identify commitments that will remain after transfer
and understand the actions needed (e.g. regulatory
agreements with State authorities which have
jurisdiction over hazardous emissions).

Inventory of nuclear and
fissionable materials

Obtain a listing. Unless otherwise agreed, removal
would be the responsibility of the transferring
organization which would record the results.

Toxic, hazardous and
radioactive materials

Obtain a listing. Determine what is to be removed by
the transferring organization (based on justifiable
criteria or as otherwise mutually agreed) and record the
results.

Characterization

Summarize the radiological and hazardous chemical
contamination conditions that exist.
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TABLE I–VII. TRANSFER CHECKLIST (cont.)
Activity

Functions

Authorization basis, safety
analysis, operating
specifications

Report the status, list the defining documents, and
identify the S&M requirements for maintaining the
safety envelope. Update or revise as appropriate for
completion of stabilization activities.

Safe shutdown
implementation plan
(if applicable)

Verify safe shutdown needs. Address the configuration
and contamination conditions that should be
established prior to transfer.

Property assets

List excess assets that are of significant value. Identify
property that should be transferred.

Schedule integration

At the conceptual level, develop a schedule that
integrates completion of operations and stabilization
with post-transfer S&M, initiation of deactivation and/
or decommissioning.

Pre-transfer operations

For stabilization and hazard elimination activities, agree
and conduct as a condition of transfer.

Formal documents for
conducting the transfer

Draft, negotiate, revise and finalize transfer
memoranda and agreements as decided.

points, see next section), provide an excellent basis for establishing a project
plan and subsequent work plans for stabilizing a facility.
I–14.5. USDOE transition planning: Example 2, creating objective driven
project management for deactivation of facilities
Often, managers and engineers who operate facilities do so in an ongoing
production mode. When they are assigned the job of shutting down and deactivating a facility their mind set must be changed to a project management
approach. In addition, there is a tendency to do too much, for example
complete decontamination when this cannot be achieved within budget or
schedule.
The term ‘end point’, which was first used for facility retirement during
the cleanup of Three Mile Island Unit 2, is commonly applied and systematic
methods have been derived to determine what they should be. End points for
deactivation are similar in concept (but much different in reality) to
construction specifications. That is, end points are specifications of the
conditions to be achieved in each room and for each system and major piece of
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equipment in a facility. Two methods were developed for deriving end points.
One uses computer software and end points that are hierarchically derived.
Another consists of a set of checklists, the subjects of which are based on
experience. It should be noted that a large number of end points can be derived
for a complex facility, but many can be achieved within a single work package,
for example in a common physical area.
Creating end point specifications for deactivating facilities has worked
extremely well. They provide detailed requirements readily understood by
engineers and workers responsible for establishing the conditions, thus
supporting development of work packages, schedules, and budgets. A second
major value is that the level of detail demonstrates to interested parties who
are not involved in the day-to-day work that the deactivation job will be
thorough and result in a stable, well managed condition. Results achieved with
large facilities have been cutting years off originally conceived deactivation
schedules, which in turn results in staff reductions in the hundreds and the
associated savings.
I–14.6. USDOE transition planning issue: Example 3, establishing use of
methods across the DOE complex
Over the past 5 to 10 years, deactivation and stabilization activities have
created several methods and tools, including those described above. In order to
make them available to planners and engineers at the many facilities across the
DOE sites, several hundred pages and methods, as well as directly related field
experience have been made available on DOE-EM’s web site. These can be
accessed with the following addresses:
Subject

Address

Excess facility transfer to deactivation
and decommissioning — overview and
navigation map to the web site and
related ones such as the links below

http://www.em.doe.gov/deact

Facility survey and transfer

http://www.em.doe.gov/deact/fst.html

Project management plans

http://www.em.doe.gov/deact/pmp.html

Deactivation management

http://www.em.doe.gov/deact/dm.html

Deactivation completion

http://www.em.doe.gov/deact/comp.html
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I–14.7. US NPP transition planning issue: Conducting sufficient pre-shutdown
activities
The Electric Power Research Institute, which provides service to many
US NPP owners, recognizes that a logical phased approach to decommissioning
planning and scheduling is needed. Activities are listed in five decommissioning phases, of which Phases I and II below are relevant to transition.
I–14.7.1. Phase I: Planning and preparing for decommissioning
This period is considered as the initial planning period up to plant
shutdown. Planning activities in this phase included the following:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)
(k)
(l)
(m)
(n)
(o)
(p)

Planning assumptions and design bases,
Strategic and project plans,
Technical and feasibility studies to support projects,
Schedules,
Modifications to processes,
Key decisions and milestones,
Personnel transition plans,
Licensing submittals,
Plant design modifications,
Cost estimates,
Contingency plans,
Low level waste plans,
Spent fuel management,
Site characterization,
Communication with employees and stakeholders,
Labour agreements.

I–14.7.2. Phase II: Preparing and modifying the plant for D&D
Phase II begins at the time of plant shutdown and continues until major
D&D commences. During this phase, design modifications are made to the
plant to prepare it for major D&D. Tasks during this phase include:
(a)
(b)
(c)
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Asbestos removal;
Characterization and disposition of operating systems;
Chemical decontamination of the primary systems;

(d)

(e)
(f)
(g)

Installation of decommissioning plant modifications such as alternate
power systems, alternate fuel pool cooling systems, monitoring station,
alternate radiation monitoring systems;
Installation of temporary facilities;
Installation of radwaste processing systems;
System tagouts and draining.

I–14.7.3. Phases III, IV, V and beyond
The remaining phases are beyond the scope of this report but bear on
phases I and II:
— Phase III: Decontamination and dismantlement. This phase includes
removal and shipment of hardware for off-site disposal, decontamination
of remaining components, and dismantlement of plant structures.
— Phase IV: Site release and licence termination by the NRC. Following
dismantlement of plant structures, additional site characterization is
necessary to ensure that the site may be released to unrestricted release in
accordance with regulations. The licence termination plan must be
submitted to the NRC two years prior to the termination date of the plant
licence. Once site release criteria have been met and confirmatory
surveys completed, the plant’s NRC licence may be terminated.
— Phase IV and beyond: Dry spent fuel storage. This is the period following
release of the protected area of the site through removal of all spent fuel
from the site.
I–14.8. Conclusions
In the USA, with a few exceptions, the current emphasis of the
commercial utility industry is not on decommissioning, but on power
generation and, in many cases, obtaining licences to extend the operational
lives of their NPPs to 60 years. The primary purpose of planning the future
transition is to provide decommissioning cost estimates as a basis for defining
financing requirements.
The USDOE on the other hand is faced with the prospect of decommissioning several hundred major nuclear and radiological facilities and thousands
of minor ones that no longer have a mission. Many of these have been shut
down for years. The cost of their combined decommissioning is spread over
20 years or more by budgetary constraints. These facilities fall into three
categories:
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(1)
(2)
(3)

Priority projects for major facilities to prepare for and conduct decommissioning;
Facilities that are actively maintained in a shutdown state but which cause
enough hazards to require continuous manning;
Many facilities that are in a caretaker or abandoned mode with minimal
or no operating equipment and with the primary emphasis on controlling
contamination. The USDOE has established guidance for transition that
is consistent with the principles and methods in this report.
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Annex II
PROBLEMS ENCOUNTERED AND LESSONS LEARNED FROM
THE OPERATION TO DECOMMISSIONING TRANSITION PERIOD
OF SELECTED NUCLEAR FACILITIES
The following examples of lessons learned comprise brief technical
information on the nuclear facilities involved and an outline of the problems
encountered. The situations described are typical of the difficulties that can
arise when planning or implementing activities typical of the transition period.
Although the information presented is not intended to be exhaustive, the
reader is encouraged to evaluate the applicability of the lessons learned to a
specific decommissioning project.

II–1. TRINO NPP (ITALY) — CASE No. 1
II–1.1. Problem
The decontamination of non-irradiated fuel elements which had been
placed in the core between 1987 and 1992 (the date when the core was
discharged) but never exposed to neutron flux provided the opportunity to
carry out a series of checks on the elements when they were removed from the
spent fuel pool, decontaminated, fuel dried and transferred to the fresh fuel
storage facility after having been placed in a nylon container (Fig. II–1).
During the removal, surveys were conducted to ascertain the presence of
hot spots due to crud deposits on the element. This showed, in certain cases, a
dose rate that was more than twice that anticipated.
II–1.2. Solution found
The high dose rate was due to metal shavings on the elements, originating
from 1968 when the thermal shield was cut. As it was impossible to remove
those shavings using the available equipment, a purpose built nozzle with
appropriate adaptors was produced at the plant. This made it possible to direct
the water flow towards the shavings and remove them by flushing. This
operation was completed very quickly except for one case which took several
hours. In this way the contractual conditions relating to fuel dose rates for the
sale of the fuel elements could be met.
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II–1.3. Lesson learned
The lesson learned was that even the simplest operations can lead to
unforeseen problems originating from previous and almost forgotten
operations. Hence it is necessary to be prepared for all eventualities.

II–2. TRINO NPP (ITALY) — CASE No. 2
II–2.1. Problem
Prior to the dismantling of plant components, a number of preparatory
activities are required to remove dangerous materials and reduce health risks
to the workforce. At Trino, this included removal of the thermal insulation
containing asbestos and mineral fibres from components in the controlled area
of the plant.
To check compliance with radiological ‘free release’ limits, the material
removed needed to be inventoried and its contamination level determined.
One of the relevant radionuclides was tritium which has a very low release level

FIG. II–1. Shipping of fresh fuel assemblies from the Trino NPP.

208

of 0.1 Bq/g. In order to clear the materials, a suitable facility had to be
constructed to measure these low activities of tritium with a low minimum
detection activity (MDA) level. The major problems in measuring tritium were:
— Water separation from the sample matrix,
— Condensation of moisture,
— Measurement of activity in condensed moisture.
II–2.2. Solution found
The problem was solved by designing and building a facility (Fig. II–2)
that could separate moisture from the sample using warm air. The moisture was
then condensed and measured using liquid scintillation techniques. The system
was calibrated by taking into account the efficiency of moisture separation, the
background tritium levels, air speed and air quantity, to optimize moisture
separation. Using this technique, tritium is detectable at minimum levels less
than the free release levels. To obtain a good MDA level, experience shows that
a sample amount of 50 L is needed; the MDA was 5.4 × 10–5 Bq/g.
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FIG. II–2. The thermal insulation moisture separator system for tritium measurements
at the Trino NPP.
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II–2.3. Lesson learned
During the transition period, problems may arise during the subsequent
dismantling phase that may require purpose built equipment to be produced
that may have a long design and manufacturing lead time. This necessitates
collaboration between the NPP departments.

II–3. JASON (UK) — CASE No. 1
II–3.1. Problem
During the decommissioning of Jason it was found that the operational,
maintenance, modification and repair records produced following its installation in 1962 were very comprehensive and had been scrupulously kept up to
date by dedicated operating staff. However, the original reactor construction
and installation records (dating from about 1960) and the records of previous
nuclear/radiation related operations in the reactor hall prior to the installation
of Jason were not so comprehensive. The lack of the original installation
records had the potential to delay completion of the decommissioning project,
particularly during the final stages when unexpected tritium contamination was
discovered that caused difficulty in meeting the site radiological clearance
criterion.
II–3.2. Solution found
As work progressed, the decommissioning contractors made good use of
the resident JDS’s knowledge of the reactor layout and its previous operational
history, noting that he had been Jason’s operational manager prior to the
transition period. In addition, the whereabouts of retired operational
personnel became increasingly important as they were able to provide the
project with valuable insights and suggestions as the work progressed.
This first hand knowledge became crucial during the final stages of
decommissioning when unexpected extensive tritium contamination was found
in the concrete floors just outside the reactor hall. This led directly to a two
month delay in completing the project. This tritium contamination was caused
by previous neutron accelerator operations that predated Jason operations.
These previous operations came to light primarily through personal contacts
with retired personnel rather than through existing operating records. Had this
matter been known about or considered earlier, the project delay might have
been avoided.
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II–3.3. Lesson learned
The site licensee should ensure that comprehensive and accurate records
are kept of nuclear facility construction, installation, operation, modification
and previous building use, and made fully available at the start of any decommissioning project. In the absence of detailed records, the site licensee should
ensure that a member of his resident oversight staff has long-standing previous
operational experience of facility operations and, ideally, knowledge of the
whereabouts of previous operational employees.

II–4. JASON (UK) — CASE No. 2
II–4.1. Problem
Early on in the Jason decommissioning project it was realized that a
formal protocol would be required to define the strategy for the final radiological survey of the site and to determine the actual radiological site release
criteria. In addition to the necessary site cleanup and internal survey, it was
recognized that the final IRS should include the whole site, including the
decommissioning facility. It was also considered that this survey should be
carried out by an organization that had a high international and national
standing in the radiological field.
II–4.2. Solution found
During the transition period numerous meetings were held between the
NII, the EA, the Naval Regulatory Authority and the site licensee to determine
the necessary radiological survey and clearance criteria protocols. These were
finally agreed about midway through the decommissioning project. The NRPB
was contracted to carry out the IRS to the agreed protocol and provide the EA
with a comprehensive survey report for each area surveyed. From a technical
and public relations point of view, the NRPB was considered to be one of the
most suitable, independent, competent and widely recognized organizations
available in the UK to undertake this final radiological survey.
The agreed radiological clearance criteria for the reactor areas were:
(a)

The general criteria for radiological clearance of the site to unrestricted
release will be the removal of all identified contamination from the
operation of the Jason reactor;
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(b)

(c)

Levels of artificial contamination remaining in the environment following
removal of the reactor should not on average exceed the ‘substances of
low level exemption order’ of 0.4 Bq/g;
Any residual levels of external radiation must be compared with natural
background environmental measurements from other parts of Greenwich
and shown to be equivalent, taking into account local natural variation.

The criteria for radiological clearance of the other buildings on the
college site were that:
(1)
(2)
(3)
(4)

No loose contamination remains on the surfaces (including drains);
Fixed alpha contamination levels do not exceed 0.04 Bq/cm2 (0.1 DLα);
Fixed beta/gamma contamination levels do not exceed 0.4 Bq/cm2
(0.1 DLβ/ γ );
Any residual levels of external radiation must not exceed natural
background environmental measurements from other parts of
Greenwich.

The agreed protocol stated that the EA would issue revocation notices
for the accumulation, storage, discharge and disposal of radioactive substances
on the site once they were satisfied that the site had been comprehensively
surveyed and met their release criteria. This would signify that the site could
subsequently be used without any future radiological restriction.
II–4.3. Lesson learned
The site licensee should ensure that a comprehensive and early radiological survey and site release criteria protocol is worked up and agreed to by
the relevant regulatory authorities and environmental protection agencies
early on in the decommissioning project. He should also ensure that the final
IRS of the complete site, as applicable, is carried out by the most suitable,
independent and competent organization available in order to satisfy both
public scrutiny and high levels of technical credibility.

II–5. CAORSO NPP, ITALY
II–5.1. Problem
Four heat exchangers which were located high up in the turbine hall had
to be removed. Each had an outer diameter of 1500 mm, a length of 9200 mm,
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and weighed about 22 000 kg. The internals comprised 1770 cupronickel pipes.
They were located in pairs on concrete foundations (Fig. II–3).
To dismantle these, the project had to take account of their location, their
size and other constraints, including adjacent equipment. It was planned to
remove the heat exchangers by attaching suitable lifting equipment so that it
could be moved by using air cushions and subsequently the turbine hall bridge
crane to an area where the final dismantling could be carried out using an
oxyacetylene torch.
While planning the job, insufficient consideration was given to the
stability of each pair of heat exchangers and the lack of access required to
manoeuvre the lifting equipment. Additionally, it was not realized that
movement over an irregular and uneven floor would be difficult.
II–5.2. Solution found
Upon reconsideration of the problem, it was judged to be safer and more
convenient to dismantle the heat exchangers into segments that could be
disposed of without further processing by cutting them in situ using an oxygen
cutter. Thus a segmenting technique suitable for pipe systems was tried out and
demonstrated. The operation was carried out not only safely but with lower
costs than would have been incurred using the original methods.

FIG. II–3. Caorso NPP heat exchanger.
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II–5.3. Lesson learned
It is important when planning and designing such tasks that field
operators be involved and apply their experience to the plans.

II–6. WÜRGASSEN NPP, GERMANY
II–6.1. Problem
During the post-operational phase of an NPP, systems and components
are drained and flushed. Contaminated liquids have to be moved from the
circuits in order to drain certain parts of the systems, e.g. for gaining access for
sampling, restructuring, fitting of primary circuit decontamination equipment,
etc. During these activities it is often necessary to move contaminated liquids
along different routes than during operation entailing, for example, temporary
connections between parts of the systems which have not been in direct contact
before, reversed circulation, use of pipes for contaminated liquids which
formerly carried different media, e.g. steam. In this way the contamination
profile within the plant is significantly changed and will not correspond to what
would be expected during normal operation. Contamination will be transferred
to parts of the system that previously possessed a totally different nuclide
composition (vector).
At the Würgassen NPP in Germany, the system decontamination and
other activities during the transition period have led to significant changes in
nuclide vectors in some parts of the systems. Assigning nuclide vectors to
material in the course of clearance procedures has thus been complicated, plant
specific clearance regulations have become more complex, and clearance of
materials has been delayed.
II–6.2. Solution found
In order to determine the appropriate nuclide vectors for the Würgassen
NPP the sampling programme had to be substantially increased. Significant
variations of activity percentages for certain nuclides were even observed
between adjacent samples. The results of this sampling programme were
analysed in the light of special operation modes during outages and during the
transition period (especially system decontamination). In this way unexpected
nuclide vectors could be explained.
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II–6.3. Lessons learned
In order to avoid cross-contamination between systems and contamination of initially uncontaminated parts of components, careful planning and
documentation for draining and flushing during the transition period is recommended. Full documentation of all operating modes during normal operation,
outages and the transition period is essential during decommissioning,
provided that the proper information is transferred and used. In addition,
careful planning of the sampling programme, in particular of the number of
samples which have to be taken, is essential to ensure a good radiological
characterization of the plant for decontamination planning and material
clearance.

II–7. KOREAN RESEARCH REACTORS — CASE No. 1
II–7.1. Problem
During the transition period, the source term estimation was carried out
on activated areas such as the bio-shield concrete, the RSR, the reactor pool
liner, the shielding plate and the graphite block inside the thermal column.
However, the activity could not be estimated correctly because the real
composition of the impurities in the activated material could not be ascertained
from the design documents. For example, the amount of 59Fe in aluminium
significantly affected the total activity of activated material.
II–7.2. Solution found
The source terms were estimated from the composition of activated
material in a similar reactor (the TRIGA Mark-II ICI reactor, UK). This
reactor type is similar to KRR-1 in its maximum thermal power.
II–7.3. Lesson learned
To estimate source terms correctly it is necessary to know their actual
composition, including impurities of the activated materials. Therefore, the
physical and chemical properties of materials should be recorded in the original
design documents.
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II–8. KOREAN RESEARCH REACTORS — CASE No. 2
II–8.1. Problem
In the Republic of Korea, the cost of decommissioning commercial NPPs
will be met from a decommissioning fund established by the Korea Hydraulic
and Nuclear Power Company based on a kW·h levy. However, this was not the
case for the research reactors. Consequently, planning for the decommissioning
of KRR-1 and KRR-2 was delayed.
II–8.2. Solution found
Three years after shutdown of KRR-1 and KRR-2, the decommissioning
was funded from the government budget.
II–8.3. Lesson learned
Funds for the decommissioning of all nuclear installations, including
research reactors, should be allocated during the operational period as is
currently the case for commercial NPPs.

II–9. A-1 REACTOR, SLOVAKIA
II–9.1. Problem
A series of problems was encountered during the transition period of the
A-1 reactor which had been shut down in 1977 following an accident. Common
features of these problems were the lack of documentation, appropriate
methodologies, infrastructure, procedures and experience in decommissioning.
This situation arose from a combination of the legal framework in existence at
that time and from the fact that no preparatory activities for decommissioning
were carried out during the operating period. Decommissioning of the A-1
reactor could only proceed when the following issues had been addressed:
(a)
(b)
(c)
(d)
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Preparation of the necessary documentation;
Development of the appropriate methodologies and procedures;
Establishment of the legislative framework for decommissioning;
Development and procurement of equipment for treatment and conditioning of radioactive waste;

(e)

Development and construction of a repository for conditioned
radioactive waste.

II–9.2. Solution found
Based on the experience of decommissioning the A-1 reactor, detailed
technical planning and preparation of relevant documentation for the
shutdown of the V-1 NPP will enable the transition from operation to decommissioning to proceed in accordance with an optimized schedule.
II–9.3. Lesson learned
In order to avoid uncertainties and delays during the transition period it is
important to plan the decommissioning and prepare the documentation in a
timely manner.
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DEFINITIONS
The definitions given below are taken from the IAEA Safety Glossary,
Rev. April 2000 except where marked with an asterisk (*).
decommissioning. Administrative and technical actions taken to allow the
removal of some or all of the regulatory controls from a facility (except
for a repository which is closed and not decommissioned).
decommissioning plan. A document containing detailed information on the
proposed decommissioning of a facility.
nuclear facility. A facility and its associated land, buildings and equipment in
which radioactive materials are produced, processed, used, handled,
stored or disposed of on such a scale that safety must be considered.
operation. All activities performed to achieve the purpose for which a facility
was constructed.
operational period (operating period). The period through which a facility is
being used for its intended purpose until decommissioning or closure.
permanent shutdown*. That point in the life of a plant when it reaches the end
of the operational period, at which point there is no intent to restart
operations.
safe enclosure (during decommissioning)*. A condition of a nuclear facility
during the decommissioning process in which only surveillance and
maintenance of the facility takes place.
transition period*. The period through which the administrative and technical
activities to take the plant from the operational period to placement in a
safe, stable and known condition in preparation for SE and/or
dismantling are planned and implemented.
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