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FOREWORD

The decommissioning of nuclear facilities is a topic of great interest to many
Member States of the IAEA as a result of the large number of older nuclear facilities
which are or soon will be retired from service. The first IAEA document in the field
of decommissioning was published in 1975. Since then, some 30 technical
documents, conference proceedings, technical reports and safety series documents
have been published, covering specific aspects of decommissioning such as
technologies, safety and environmental protection, national policies and regulations,
characterization of shut down facilities, and design and construction features to
facilitate decommissioning. The majority of reports addressing decommissioning
technologies were prepared in the early or mid-1990s and mainly reflected
experiences on small research reactors or pilot facilities.

After more than a decade of major decommissioning activity, technology has
advanced considerably and has benefited from parallel development in other
industrial fields such as electronics, robotics and computing. New decommissioning
technologies have emerged and are ready to face the challenge of the year 2000 and
beyond, when a number of large commercial facilities will reach the end of their
operational lifetime and become candidates for decommissioning.

This report is a review of the current state of the art in decontamination and
dismantling technology, including waste management and remote systems
technology. International input was mainly provided at a Technical Committee
Meeting held on 10-14 November 1997 with the participation of eighteen experts
from twelve Member States and one international organization. Further information
was made available by consultants who met in 1997, 1998 and 1999. The Scientific
Secretary throughout the preparation of the report was M. Laraia, 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
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1. INTRODUCTION

The first IAEA document in the field of decommissioning of nuclear facilities
was published in 1975 [1]. Since then, some 30 technical documents, conference
proceedings, reports and safety series documents have been published, covering
specific aspects of decommissioning such as technologies, safety and environmental
protection, national policies and regulations, monitoring programmes,
characterization of shutdown facilities, and design and construction features to
facilitate decommissioning. A selection of such publications is given in Refs [2—15].
Other reports have focused on the decommissioning of specific types of nuclear
facility, such as research reactors, uranium mining and milling facilities and non-
reactor nuclear facilities, e.g. Refs [16-18]. Several technical documents have
described on-going research and development activities in the field of
decommissioning, e.g. Refs [19, 20]. The majority of technical reports addressing
decommissioning technologies, and in particular decontamination and disassembly
techniques and the management of resulting wastes [4-7], were prepared in the
early or mid-1980s and mainly reflected decommissioning experience gained on
relatively small research reactors or prototype facilities. At that time, only feasibility
studies or preliminary plans to decommission larger nuclear facilities were generally
available.

Experience gained on the decommissioning of larger nuclear facilities, which
has become available over the last 10-15 years, has somehow altered the picture.
In many industrialized countries, the total dismantling of major prototype facili-
ties such as Kernkraftwerk Niederaichbach (KKN) in Germany, Tunney’s Pasture
in Canada, Shippingport NPP in the United States of America and the Japan
power demonstration reactor (JPDR) has been viewed by the operators and the
government decision makers as an opportunity to demonstrate to the public that
the decommissioning of major nuclear facilities can be conducted in a safe and
cost effective manner. Equally importantly, these decommissioning efforts also
served to test and optimize decontamination and disassembly techniques and to
create a ‘decommissioning market’ including specialized suppliers and
contractors.

Over a decade of major decommissioning activity, technology has advanced
considerably and has benefited from parallel development in other industrial fields
such as electronics, robotics and computing. New decommissioning techniques have
emerged and are ready to face the challenges of the year 2000 and beyond, when a
number of large commercial facilities will reach the end of their operational lifetime
and become candidates for decommissioning (Figs 1, 2).

As a result of the time which has elapsed since the publication of preliminary
TAEA reports in the field of decommissioning technologies and the implementation
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FIG. 1. Integrated number of shutdown nuclear power plants in a given year (IAEA
elaboration).

of numerous large scale decommissioning projects since then, the time is now right
to review the experiences gained and the trends that are forecast. The data in this
report represent information collected up to the end of 1998.

2. PURPOSE AND SCOPE

The objective of this report is to identify and describe state of the art technology
for the decommissioning of nuclear facilities, including decontamination, dismantling
and management of the resulting waste streams. This information is intended to
provide consolidated experience and guidance to those planning, managing and
performing the decommissioning of NPPs, research reactors, reprocessing plants and
other nuclear facilities. The report may also be of use to those involved in the nuclear
regulatory field, when reviewing plans, carrying out inspection activities and
confirming satisfactory completion of decommissioning. It will also be helpful to
those carrying out refurbishment or large scale maintenance activities on operational
nuclear installations.

This report is not intended to be a decommissioning handbook (although it
takes a significant amount of information from existing handbooks), but reflects upon
the experience gained over the last 10-15 years in the practical decommissioning
field. Technical details are given to a limited extent, while the reader is directed to
more detail in the quoted literature.
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FIG. 2. Nuclear power plants reaching 30 years of age in a given year (IAEA elaboration).
Note: 18 UK generating NPPs were over 30 years old in 1997 and have not been included:
Bradwell A, B; Calder Hall A, B, C, D; Chapelcross A, B, C, D; Dungeness-A A, B; Hinkley
Point-A A, B; Oldbury-A A, B; and Sizewell-A A, B.

The focus of this report is on decommissioning technologies, particularly
decontamination and dismantling. However, the management of materials/waste is
also an essential part of decommissioning and hence has also been addressed.

Less emphasis has been given to other aspects of decommissioning such as
planning/organization and regulations. However, the impact of these on technology
and related technical decisions should not be ignored. Also, a few detailed aspects
such as radiological characterization and decommissioning techniques for specific
types of nuclear installation (e.g. research reactors) are only reviewed briefly as they
have already been covered in recent IAEA publications [15, 16].

In principle, the technologies described in this report are independent of the
specific plant or plant type in question. However, in practice, most technologies have
to be tailored to the specific needs of the facilities being decommissioned, and this is
reflected in the information presented. It is uncommon, except for very simple
technologies, for any technology to be used on a specific facility without
consideration of the features of that facility. Therefore, the reader is advised not to
extrapolate conclusions on the performance of a given technology without
consideration of the specific features of the facility for which that technology was
developed (e.g. contamination levels, structural materials, radioactive deposit
composition).

Another focus of this report is research and development (R&D) on emerging
technologies in the decommissioning field. To achieve technological maturity, an
R&D programme is nearly always compulsory. In one sense, R&D implemented in



the 1980s is one of the bases on which current state of the art technology stands.
Current R&D represents the limit of this report and will form the basis from which
the next decade’s technology will develop.

3. STRUCTURE

This publication initially discusses those factors important in the selection of a
decommissioning strategy and which have an impact on planning and implementing
decommissioning technologies (Section 4). These factors include national policies
and regulations, cost estimation and funding, planning and management of a
decommissioning project, radioactive waste classification and facilitation techniques
for decommissioning. Section 5 discusses the impact that safety and radiation
protection requirements have on the planning and implementation of
decommissioning technologies. Methods and technologies for decommissioning,
including decontamination, dismantling, waste management, robotics and remote
operation, long term integrity of buildings and systems and other miscellaneous
aspects, are described in detail in Section 6. Also, the reader is given a general
orientation on where to find descriptions of techniques matching specific
applications. Section 7 describes the general lessons learned from decommissioning
experience worldwide. Conclusions are given in Section 8. In the Appendix to the
report, case histories and specific lessons learned are provided. The report is
complemented with an extensive set of references.

4. FACTORS TO BE CONSIDERED IN THE
SELECTION AND IMPLEMENTATION OF A
DECOMMISSIONING STRATEGY

This section is intended to describe the conditions affecting the selection of a
decommissioning strategy and their implications for the development of
decommissioning technologies. Some of these factors, having either a national or an
international nature, will foster further R&D and will ultimately result in optimized
techniques and methods; others may hinder or reduce further R&D activities in this
field. Enhancing or hindering work on decommissioning technology development
may be the result of a conscious decision or may derive from a lack of infrastructure
needed to support these activities. Examples of this are provided in this section.



4.1. NATIONAL POLICIES AND REGULATIONS
4.1.1. National regulations and international harmonization efforts

There are several examples of national regulations which have an impact on
decommissioning technologies, for example Ref. [21], which specifically addresses
European Union (EU) countries. Another example is Japan, where the national policy
prescribes immediate dismantling after final shutdown. In the light of this policy and
the large number of operating nuclear reactors in Japan, it is easy to understand why
R&D work on decommissioning technologies has been, and currently is being,
carried out in Japan with such great intensity [22-24]. The entire JPDR
decommissioning project was conducted as an integrated test and optimization of
available decontamination and decommissioning (D&D) technologies and included
the development of several new technologies [25]. In the Russian Federation, there
are numerous regulations directly or indirectly connected with decommissioning
activities [26-33].

Release criteria for solid materials is another important factor affecting
the development of D&D technologies. Examples of criteria and practices for
the unrestricted release of materials and components, and their recycling and
reuse, during the last 15 years can be found in Refs [9, 10, 34—-44]. However, at
present, few Member States have issued firm criteria for recycling and reuse of
material, even though it may be an attractive alternative to radioactive waste
disposal.

The TAEA has proposed unconditional clearance levels [45] and the European
Commission (EC) has proposed nuclide specific clearance levels for the direct reuse
of metals and recycling of metal scrap [46]. While the IAEA proposal is intended to
provide clearance (unconditional release) criteria, other recycle technologies could be
developed which allow restricted release mechanisms. One such approach, which
considers not only the risks from radiation but also major non-radiological risks, was
developed by the OECD Nuclear Energy Agency (OECD/NEA) [47]. Examples of
proposed release criteria and practices for the USA and Spain are given in Refs [43,
48-51].

A significant example of how national policies/regulations directly affect D&D
technologies can be found in Germany, where the Atomic Energy Act favoured
recycling of dismantled radioactive components unless this was opposed for major
technical, economic or safety reasons [52]. This situation entailed on the one side the
development of a coherent and comprehensive set of regulations for the
restricted/unrestricted release of radioactively contaminated materials (clearance
levels) [10, 52, 53], and on the other side the establishment of industrial
infrastructures, e.g. melting facilities to meet regulatory criteria [54-56]. Therefore,
in Germany, the criteria for recycling and reuse cover a wide range of options,



i.e. unconditional clearance, clearance of metal scrap, clearance of material for
conventional disposal and clearance of buildings [53, 57-60].

4.1.2. Land reuse, waste disposal and other technical factors affecting the
choice of a decommissioning strategy

There is no general worldwide trend in selecting a decommissioning strategy
(basically, this comprises either immediate or delayed dismantling after final
shutdown). National regulations may prescribe the decommissioning strategy, as is
the case in Japan where the selected immediate dismantling strategy reflects the
scarcity and limited size of sites suitable for the construction of new NPPs (see
Section 4.1.1). In most countries, both immediate and delayed dismantling are
pursued for different facilities. The short term availability of disposal sites and
escalating disposal costs have convinced several US utilities to opt for immediate
dismantling [61-65]. A deferred dismantling strategy (up to 135 years’ delay) is
currently in place for the United Kingdom’s Magnox reactors and is based mainly on
radiation protection and financial considerations [66]. In Germany, the Lingen NPP
is being kept under safe enclosure conditions for a number of years [13], while KKN
was the first NPP in Europe to reach the goal of unrestricted site release [67]. What
the trend will be over the next 10—15 years remains uncertain, as several factors
interacting in a complex manner are involved.

The decommissioning strategy is an important element in determining the need
for developing decommissioning technologies. Activities aimed at achieving a long
term safe enclosure condition do not usually require sophisticated D&D methods and
techniques. Exceptions may include the construction of long term containment
barriers, on-site (e.g. for corrosion effects) and off-site monitoring, and the predictive
modelling of structure and equipment deterioration. The risk of not developing
dismantling technologies for facilities being kept under long term safe enclosure is
that dismantling at a later stage might be more complex and expensive. An opposite
consideration is that developing technologies at a later stage would benefit from
overall technological progress. A mixed approach seems to prevail in several
countries. This consists of using one or two shutdown facilities for the purpose of
developing decommissioning technologies while leaving the other facilities under
safe enclosure conditions for a stipulated period of time.

It is recognized that immediate dismantling is the most challenging
decommissioning strategy. For instance, owing to higher radiation levels, the use of
remotely operated equipment may be required during the dismantling of an NPP or
large research reactor. In general, provisions to minimize doses to the
decommissioning workforce are more stringent in the case of immediate dismantling
and entail extensive use of decontamination, shielding and remote tooling. Some of
these provisions may require advanced technology and ancillary equipment,



e.g. underwater cutting of reactor internals in the Fort St. Vrain (FSV) gas cooled
reactor required the implementation of an ad hoc water purification method [68].

It should be noted that for some non-reactor nuclear fuel cycle facilities the
radiological benefits from delayed dismantling are limited. Therefore, the strategy
selected is often immediate dismantling. A 1998 TAEA technical report deals with
current decontamination and dismantling technologies in non-reactor nuclear
facilities [18].

The selection of a decommissioning strategy is to a large extent based on the
availability of waste disposal facilities. Existing facilities might have to be extended
or new facilities built in order to cope with the large volumes of waste from
decommissioning operations. Whether and to what extent existing facilities will be
used for waste resulting from the decommissioning of large nuclear facilities still
remains to be seen. Considerable progress has been achieved over the last
10—15 years, resulting in the establishment of new disposal facilities in countries such
as the Czech Republic, France, Japan and Spain. In Italy, however, the lack of waste
disposal sites has, so far, forced plant operators into a delayed dismantling strategy
[69]. A decision to defer dismantling should be taken as the result of an optimization
process and not because other alternatives are precluded by the unavailability of
disposal sites. If disposal sites are not available, interim storage of decommissioning
waste could be considered.

The waste management and disposal issue may affect the development of
decommissioning technologies in other ways. Firstly, the increasing disposal costs
may foster the development of technologies to minimize the volumes of radioactive
waste [70, 71]. Examples in this regard are recycling/reuse technologies, such as the
melting of radioactive scrap or decontamination. This is the case in the USA, where
the need for new disposal sites is recognized and enforced by law but where little
practical progress has been achieved. In such a situation, recycling/reuse practices
may help reduce the amount of radioactive waste for disposal [72, 73].
Recycling/reuse can also be part of national environmental policy, as is the case in
Germany (see Sections 4.1.1 and 6.4.1). Additional waste minimization methods may
include segregation, reuse of buildings and equipment, compaction, liquid waste
concentration, use of contaminated materials as waste container void filler, and
various decontamination techniques [70, 74-77].

A second important aspect of waste management that may affect
decommissioning technologies is related to the radiological and industrial
specifications of waste containers and packages for storage, transportation or
disposal. For instance, component segmenting activities should be aimed at
optimizing further steps in waste management including decontamination (if
required), conditioning, packaging, transportation, storage and/or disposal.
Development of technologies in any of these fields will depend on available waste
management infrastructures, e.g. the capability to produce containers of the required



size and weight [70, 75]. One example is the categorization of radioactive waste
containers for the Morsleben repository in Germany [78] (see Section 4.5).

A special problem in the context of waste disposal and its effects on
decommissioning technologies is posed by some decommissioning waste which
could require special disposal provisions, e.g. some reactor internals are not
acceptable for routine near surface disposal under current US regulations [79]. Also,
within the UK and Germany, the accepted national policies are that all intermediate
and high level wastes be disposed of in an underground repository. Thus, the disposal
of intermediate level waste from decommissioning activities in the UK will have to
wait until a repository is available in the next century [80].

Similar to waste management, spent fuel storage and/or disposal capacity is a
major factor in deciding a national approach to decommissioning, including
technologies. Spent fuel requires special storage in spent fuel ponds, dry storage
casks, or other specialist facilities. These may be at the reactor site or at a centralized
facility away from the reactor. If at-reactor spent fuel ponds are used, large
dismantling operations will generally be deferred until the spent fuel can be
transferred to other storage facilities or shipped for reprocessing or disposal. Spent
fuel management is a field where significant progress has been achieved in many
countries over the last 10-15 years. In particular, the technology of dry storage has
been fully developed in countries such as Canada [13], USA [81] and Germany [82].
In contrast, difficulties emerged in many countries in securing the availability of a
spent fuel repository, a significant example being the Yucca Mountain project in the
USA [83]. Also, in some Eastern European countries, the practice of returning spent
fuel to the manufacturer has become difficult for political and economic reasons
[84, 85]. A recent development in this context is that the US Department of Energy
(USDOE) has agreed to take back and manage certain foreign research reactor spent
fuel that contains uranium enriched in the USA [86].

4.1.3. R&D considerations

The driving force behind technology development is its applicability to specific
industrial projects. New technologies for decommissioning generally improve safety,
reduce waste generation or increase productivity, thereby reducing overall costs.
Generally, the larger a national decommissioning or environmental restoration
programme is, the greater the probability that a large R&D programme on
decommissioning technologies can be justified and carried out. This is the case in the
USA or a community of countries such as the EU and the Commonwealth of
Independent States (CIS), where it is expected that dozens of large nuclear facilities
will be decommissioned over the next 10-20 years [87-91]. A country with a small
number of operational nuclear facilities is often more reluctant to embark on
significant R&D work on decommissioning technologies and may prefer to use or



adapt technologies available in the commercial sector. This choice may also be driven
by the perceived applicability of the decommissioning technologies currently being
tested or optimized. It will also depend on the timing of decommissioning, i.e. if it is
envisaged that decommissioning will take place in the near future or in the longer
term.

4.1.4. Social considerations and public involvement

Social considerations are likely to affect national decommissioning strategies,
including technology development, in several ways. For example, the extensive
workforce at a nuclear facility will become redundant soon after shutdown unless
immediate dismantling is selected. This would have an obvious effect on the local
economy. On the other hand a dismantling strategy could actually attract labour and
investment to the area.

Public concern about the effect of nuclear facilities on the health and welfare of
the population is growing. The scope of this concern varies from country to country
but normally has a significant effect on national nuclear policy and hence on the
timing of decommissioning activities and the extent to which they are progressed. In
some countries, the public may demand that the dismantling work be done
immediately after shutdown with existing, proven technology, rather than waiting for
an improved technology to be developed. As a different example, at the Trawsfynydd
power station in the UK [92], it was decided to consult the staff and the local
community on the three main options available for decommissioning: early site
clearance, ‘safestore’ — early or deferred — and mounding — early or deferred.
Finally, the utility owner modified its corporate strategy from deferred safestore to
early safe storage in response to public opinion and the views of local government
bodies.

In the EU, the situation differs from one country to another. The regulatory
approaches in the field of decommissioning nuclear installations do not cover all the
aspects of a decommissioning process [21]. However, in a recent Council Directive
[93], the EC has foreseen that decommissioning of nuclear installations will be an
integral part of a compulsory environmental impact assessment of industrial
activities. Countries need to take the measures necessary to ensure that the authorities
likely to be concerned with the project, in view of their specific environmental
responsibilities, are given the opportunity to express their opinion on the information
supplied by the developer. These requests are made available to the public within a
reasonable time-scale in order to provide them with an opportunity to express their
opinion before consent is granted.

In the USA, at those USDOE sites with ongoing environmental cleanup
programmes, separate site technology co-ordination groups (STCG) have been
established for each site. At these sites, the STCG has representatives of the general



public as well as the site management to provide the overall perspective on the
acceptability of the technologies selected to be used in particular decommissioning
projects [94]. At commercial NPPs in the USA, recent regulatory changes now
require a formal public briefing on plans for the decommissioning of an NPP prior to
starting the removal of any component from the facility [95].

4.1.5. R&D priorities

The technology currently available is generally adequate to cover most
decommissioning tasks. The dismantling of complex, highly activated or
contaminated facilities can, however, still require the development of special
techniques. Sometimes a trade-off strategy is needed. For example, it has been
suggested that in the case of Rancho Seco it might be more cost effective to use the
results obtained from other ongoing decommissioning and research activities, rather
than conduct a research programme at Rancho Seco [96]. Extensive R&D work may
result in the testing of new equipment, training of personnel, expenditure of time and
money and possible delays in completing decommissioning. A country’s attitude to
these issues will be affected by its willingness to launch ambitious R&D programmes
and is influenced by factors such as the number and age of its nuclear facilities,
whether ownership is private or public, and the expected impact on other industrial
sectors. ‘Spin offs’ from nuclear decommissioning technologies are expected in
industries dealing with operation in a hostile environment and with the management
of hazardous, toxic materials. Examples of countries where comprehensive R&D
programmes on decommissioning yielded technological results are Belgium [97],
France [98], Japan [23, 99], and the UK [100, 101].

As part of the USDOE’s Office of Science and Technology, the D&D Focus
Area has been effectively demonstrating and deploying more than 50 innovative D&D
technologies through its large scale demonstration projects (Chicago pile reactor
no. 5 (CP-5), Hanford C reactor, Fernald Plant 1 and others) [102]. Emphasis in new
technologies is generally focused on costs, waste minimization, exposure reduction,
staff reduction and the general ease in applying a technology to perform a task [103].
A sample of the technologies being tested or demonstrated within the USDOE
programme is given in Ref. [104].

4.2. COST ESTIMATION AND FUNDING
4.2.1. Cost estimation

The cost of decommissioning a nuclear facility is affected by many factors
which are either related to engineering problems such as waste disposal practices
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[105] and dismantling options, to financial issues such as inflation, discount rates and
currency fluctuations, or to sociopolitical issues. It is obvious that an accurate
estimate of costs is essential to the development and optimization of
decommissioning technologies. This refers not only to the implementation costs of
D&D technologies, including staffing and the cost of secondary waste management,
but to related costs such as R&D.

In the field of decommissioning cost assessment, considerable progress has
been achieved over the last 20 years. International and national organizations have
provided studies estimating decommissioning costs, highlighting the most important
parameters [106—109]. It has been estimated that decommissioning costs in the USA
for commercial size PWRs and BWRs (1000 MW(e)) are between US$300 million
and US$400 million (in 1994 US$) [110-112]. Cost estimates in Germany, as
indicated in Ref. [113], are of the same order. Uncertainty in low level and high level
waste disposal costs, and in environmental standards for cleanup of sites, has caused
considerable concern. A comparison of decommissioning costs in Sweden, Germany
and the USA appears in Refs [114—-116]. The costing issue may be such that several
countries would opt for delayed dismantling in order to accrue additional funds.
Further progress in cost estimation is expected when large commercial facilities with
a significant radioactive inventory have been dismantled. A comprehensive
description of decommissioning cost items and their impact on the overall
decommissioning cost is given in Ref. [117]. Computer codes for estimating
decommissioning costs are now widely available [118-121].

4.2.2. Funding provisions

Descriptions of funding schemes for decommissioning in several countries can
be found in Refs [107, 108]. The size of the annual contribution to a decommissioning
fund is usually based on current cost estimates, and these need to correspond as
closely as possible to the actual final costs. Governments and/or utilities (depending
on national policy) contribute to these funds on the basis of these cost estimates
[12, 108, 122, 123]. Most operating nuclear facilities have prepared decommissioning
plans, including cost estimates. However, these should be reviewed on a regular
basis to take advantage of advances in technology and changes in regulatory
framework.

For NPPs, decommissioning normally amounts to a few per cent of the total
electricity costs which are levied from consumers over the lifetime of the plant
[124, 125]. In the case of other operating nuclear facilities, the costs are recovered
from the customer as part of the charge for the services, e.g. the thermal oxide
reprocessing plant in the UK [126]. For historic liabilities, it is often the case that no
decommissioning fund exists. In these cases funding is usually provided directly from
the State budget.
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4.3. PLANNING AND MANAGEMENT

Although planning and management aspects of a decommissioning project are
not the focus of this report, they affect, or are affected by, decommissioning
technologies either currently available or yet to be developed. Examples of this
interactive process are described in the following sections.

4.3.1. Preparation of a decommissioning plan

Future decommissioning should be taken into account at the facility design and
construction stage [14]. This also implies that preliminary decommissioning plans
should be prepared at an early stage in the plant life-cycle, e.g. preferably before
operations begin [3]. They should be based on state of the art technology at the time
and experience in the decommissioning of similar installations. Decommissioning
plans should be reviewed/revised periodically in the course of a plant’s lifetime, or at
times of significant plant modifications, incidents or cost saving technology
improvements, as prescribed by the national regulatory body. Eventually,
decommissioning plans should be finalized before a plant’s final shutdown in order to
optimize decommissioning investments by taking advantage of the availability of
personnel familiar with the plant and utilizing existing facilities. This is the phase
when the most important decisions on the technologies to be employed during
decommissioning should be made.

4.3.2. Project management

Besides preparing a decommissioning plan and obtaining regulatory body
approval where appropriate, it is necessary to define and implement a suitable
management structure for the project. Technology related aspects of the project
management include [127]:

e Specification of work packages. The decommissioning plan will identify and
specify the principal decommissioning work packages. However, before work
commences, these packages should be analysed in sufficient detail to allow the
decommissioning team to understand them clearly in order to execute the work.
The work packages [18, 128] should be planned at an early stage, e.g. because
such planning greatly assists in the identification of any required specialist
support and equipment that may be needed.
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e Permits/regulatory reviews. The project may require review and approval of the
approach taken to decommission the facility. Additionally, regulators may need
to amend or issue air/water discharge permits, shipping package certificates
(a significant example would be one-piece reactor vessel removal), and other
review documents/permits.

e Qualifications and training of staff to perform work. To execute the job
safely and efficiently, it will be necessary to ensure that all persons involved
in the decommissioning project are qualified for the tasks they have to perform.
In many cases, training programmes should be established to ensure that staff
meet these requirements. Also, training of dismantling staff on
mock-ups will assist in reducing occupational exposures [129]. Use of mock-
ups during the BR3 decommissioning project in Belgium is described in
Refs [130, 131] (see Section 6.6.7). Training on new equipment is essential in
this regard. Specialists in the use of such equipment may be contracted as
needed.

o Selection and acquisition of equipment. Technical management staff must
ensure that special equipment (e.g. instrumentation, decontamination units,
transport containers, dismantling tools) has been identified in advance
and procured in time to suit the planned sequence of decommissioning
activities.

When it is planned to use a new technology, an important consideration would
be the provision of a backup technique, in case problems are encountered. Also,
provisions should be made for the setting up, testing and de-bugging of ‘one of a
kind’ tooling.

4.3.3. Data management and return of experience

An essential aspect of decommissioning technology development is the
acquisition and management of decommissioning data. A few examples are given
below.
4.3.3.1. Example 1

A code system for the management of a decommissioning project has been
developed in Japan [132-134] and various data about the JP