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I. INTRODUCTION

1. Authority

The authority for the evaluation panel is contained in the
endorsement by the Council of Ministers of the Commission’s
communication "A Community Plan of Action relating to the
evaluation of Community research and development" (0J N- C.14 of
20.1.1987, pp. 5 to 8).

2. Terms of reference

The panel’s detailed terms of reference are contained in Appendix
1. The main requirements were to assess the programme on
Decommissioning of Nuclear Installations, 1989/93 denoted as the
"Current Programme" in respect of the following

- the quality and practical relevance of the results of the
research;

- the scientific and technical achievements;

- the programme’s contribution to the socio-economic development
of the Community;

- the benefits resulting from the implementation of the programme
at the Community level;

- the management of the programme.

3. Composition of the Panel

Panel members were drawn from a variety of backgrounds:
University professors and research scientists, industrial
managers and consultants, senior officials. The composition was
as follows:



Professor R. GUILLAUMONT, Chairman
Laboratoire de Radiochimie, Institut de Physique Nucléaire,
Orsay, France.

P. CAPROS Professor of Energy Economics, Department of
Electrical Engineering, National Technical University, Athens,
Greece

F. FEATES Professor of Environmental Engineering, University of
Manchester, England.

C. FERNANDEZ-PALOMERO
Former Nuclear Power Plant Manager, Vandellos 1, Spain.

H. FORSSTROM ,
Technical Director of Waste Facilities, Swedish Nuclear Fuel and
Waste Management Company, Stockholm, Sweden.

F. PASSANT ~
Head of Environmental Technology (Radiocactive Waste Management,
Decommissioning and Radiation Protection)

Nuclear Electric plc, Gloucester, England.

Dr J. D. SCHMITT-TEGGE

Director and Professor, Department of Hazardous Waste Management
Federal Environmental Agency, Berlin, Germany.

4. Working procedure
The panel conducted the investigation as follows

- It held seven two-day plenary meetings between November 1992
and April 1993. These meetings included detailed interviews with:

* the director of the programme and officials playing an
important part in it

* managers of selected projects / contracts

* senior officials of related parallel sectors (OECD/NEA
and DG XI)

* chairman of CGC 6

- This investigation included also visits to pilot projects
(Windscale and Gundremmingen) .

- Individual panel members investigated and reported on the
scientific and technical quality of selected pilot projects or
contracts.



- In addition to the above, members of the panel individually
questioned a wide cross-section of people concerned with the
programme. They reported on these interviews at the plenary
sessions (Appendix 4 - List of People Interviewed).

5. Presentation of the report

The report is presented in three main sections
EXECUTIVE SUMMARY

This section of the report is presented with translations in the
EC official languages.

MAIN REPORT

After a short overview in Chapter 111 and IV on the general
problems set by decommissioning, the findings and specific
recommendations about the programme are presented in Chapter V
with detailed comments. All the main recommendations - general
as well as specific - are given in Chapter VI.

APPENDICES

This section contains detailed supporting information.

6. Acknowledgement

The panel wishes to stress that the efficient service and support
of Mr. ELIAS of the Commission’s Evaluation Unit was of crucial
assistance to the panel in undertaking this task.

The panel wishes to place on record the value of the cooperation
and full availability of information £from the programme
management team and from other Commission services. Special
thanks are due to the leader of the team, Mr ORLOWSKI and to Mr
SIMON both for their contribution in discussions and in the
preparation of the appendices.

The panel is grateful to those people who agreed to spend time
to meet the panel, especially all the hosts and speakers.

The panel wants finally to acknowledge the valuable contribution
of those people having been interviewed by members of the panel
and thanks all of them.





















































































































reactors (and more planned will amount to a further 10 GWe). This
is similar to the nuclear capacity per capita-of the USA and of
other producers including the former USSR and Japan (each about
34 GWe), Canada (14 GWe) and Sweden (10 GWe).

Not only power stations are required to generate nuclear
electricity. Plants are required to process isotopically
separated materials and to manufacture fuels. A number of
countries have also built large installations for re-processing
the irradiated fuels from civilian activities. These activities
also require supporting research facilities and pilot
installations, including reactors for experimental work and hot
laboratories.

A by-product of fission-generated power is the production of
radioisotopes which, with their applications, require further
nuclear facilities.

The life-time of the nuclear power plants, as well as of
workshops and laboratory plants, is limited to a few decades. As
soon as they cease to be useful, they are closed down and
rendered safe.

The numbers below are meant to show the scale of the
decommissioning problem which will probably reach its peak in the
coming decades.

Currently, several hundred nuclear installations are closed down
worldwide : about 150 installations are in a decommissioning
phase, 19 others are about to be completed (13 reactors, 6 fuel -
cycle installations). A further 250 experimental facilities and
60 power reactors are likely to be shut down by the end of this
century. On the longer term, all the 423 reactors mentioned above
must be decommissioned.

As far as the EC is concerned, the numbers are as follows : 96
installations are closed down; 3 out of the 39 power reactors are
in a dismantling phase; 10 out of the 23 experimental reactors
are in a dismantling phase; 21 out of the 32 fuel cycle
installations are in a dismantling phase and 3 are fully
dismantled.

This shows the importance of the decommissioning problemél

1.3. Policies of Dismantling

There are several stages in the decommission work, definitions
of which have been agreed with the IAEA (Safety Series n-52,
1980) . They are often used as a basis to assess the stage of
progress in any decommissioning operation.

Stage 1 refers to the shutting down of the facility, and

monitoring. Firstly, either fuel from reactors is unloaded or
the workshops are cleared of the bulk of the radioactive
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compounds around. The total amount of radioactivity is thereby
reduced by a factor of typically 1,000. Thereafter, the nature
of the potential risk presented at the facility is reduced
dramatically. The nuclear risk in particular fades away. This
usually happens soon after shutdown. Safety is ensured by means
of monitoring, checking and maintenance.

Stage 2 refers to both the partial and conditional release of the
site with possible re-use of buildings and plant. One proceeds
at this stage to reduce the radiocactive part to a minimum volume
by dismantling all the ancillary structures leaving only the
reactor core and its immediate confinement structures. This is
followed by reinforcing and sealing for biological protection.
Monitoring requirements are less onerous, leading to minimal
maintenance. Stage 2 may be undertaken soon after stage 1 but a
longer delay allows much more of the radiocactivity to decay. In
the meantime, some of the buildings and plants could be put to
other uses.

Stage 3 leads to the full and unconditional site release with
total dismantling. All materials, devices and parts still active
are taken away. Subsequently, no monitoring or checking is then
required. This stage may be delayed for very long periods unless
the site is required for other uses. In many cases some parts of
the plant (equipment and materials) can be used for other
purposes.

The timing of each stage has an impact on both the nature and
type of waste which result. This will be considered in later
sections.

The time-duration actually required for the successive stages and
actions in dismantling is specific to every particular
installation. The options are dependent upon

- the radioactive inventory,

- the technologies available,

- the facilities available for waste packaging and disposal,
- the monitoring and maintenance statutory procedures,

- the comparative economic and radiological assessments.

As far as nuclear reactors are concerned, their partial
dismantling is fairly simple and it should be possible to get the
nuclear island down to a small volume quite quickly. The parts
whose integrity cannot be ensured for the coming decades must be
dismantled early. Because much of the induced radiocactivity
arises from Co60, a delay period of the procedures of 10 half
lives (for a total period of about 50 years) at stage 2 will lead
to a reduction of radiocactivity and radiation dose through to
final dismantling by a factor of 1,000 (stage 3). At the same
time some extra work will be needed to refurbish the facility for
safe dismantling. However, if there is a long time delay valuable
experience from people working in the facility may be lost.
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As far as equipment and hot cells contaminated with a-activity
are concerned, the total, one-off dismantling turns out a less
expensive one. Any delayed approach will not bring in any benefit
by reducing significantly the radioactivity due to actinides. The
same considerations apply to pool reactors since they can be
completely dismantled under the water.

1.4. Types of Waste Materials

The specific radioactivity of the materials (and equipment)
arising from dismantling work ranges from a few Bg/g to some
GBg/g. Many types of radionuclide are involved, e.g. activation
products, fission products and actinides. The materials include
steels, other metals, concrete, insulation materials, graphite,
etc.

When economically practicable they should be recycled or reused
(e.g. equipment) in the nuclear field. Otherwise, they have to
be classified as waste for disposal or storage, as appropriate.
An outstanding problem, not yet solved, is the one of reusing any
very low radioactive material (equal or lower than 1 Bg/g or 1
Bg/cm2) . Unfortunately it is sometimes necessary to classify this
material as radioactive waste due to the regulations in some
countries, and this is not generally recommended by the relevant
international organizations.

Actually, some of the materials removed from a nuclear
installation may be only slightly radioactive, or suspected of
being radioactive. Detailed analysis may turn out very expensive
indeed and it is therefore often the case that such waste is
treated as radioactive. The quantity of waste that can thus be
generated could easily saturate the available disposal or storage
facilities. The fact that a different number of bodies will be
assessing what is or is not radioactive waste is particularly
undesirable.

The dismantling of reactors after the removal of the fuel will
create some recyclable materials as well as radioactive waste,
some of which will be 1long-lived. Though the amounts are
difficult to estimate, they are likely to be of the order of
magnitude of 10.000 to 20.000 m3 of waste out of the
decommissioning of one reactor. The dismantling of laboratories
and plants associated with reprocessing generates contaminated,
non-recyclable materials with a wide range of activities
(estimates for a reprocessing plant handling about 800 T/year
yield as much as 50,000 m3 of low level waste, 10,000 m3 of
intermediate level waste and 80m3 of high level waste).

The decommissioning of fuel fabrication plants produces, in

general, only low level waste unless plutonium is incorporated
in "mixed oxide" fuel.
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2. Research and Development

The current work associated with decommissioning is still of an
experimental or demonstration type. Any underlying R&D work tends
to be of an applied nature.

2.1 Technical research
a) Radioactivity measurement

This is a key issue. It deals with quantitative activity
measurement of surface and mass-related alpha, beta and gamma
levels. Such data are essential for radiological protection and
for the practical activities of sorting and dismantling materials
for eventual classification. The methods are those already used
by the nuclear industry and have to be suitable for heavy and
large items. Their maximum sensitivity is of the order of a
couple of Bq/g or Bq/cm2. Radioactive measurements are necessary
before, as well as during and after every dismantling operation.
As large volumes have to be measured, rapid measuring techniques
are of interest.

b) Dismantling Techniques

Dismantling often involves working on a large demolition site
making use of conventional demolition techniques adapted to
satisfy nuclear requirements. This is to say that either one
makes use of existing techniques or has to devise some new ones
if suitable techniques are lacking.

The cutting and breaking techniques are of the following kind

- thermic or electro-thermic. For use in environments other than
water; dust and gas will be produced, requiring further
ventilation as well as filtering,

- mechanical. These can be difficult to use under water and-
generate both dust and solid particles,

- explosive demolition.
c) Decontamination

Decontamination techniques are aimed at removing or reducing
surface, or embedded, radioactive contamination. In some cases,
this will allow recycling of components and optimize waste
management. If the processes are chemical they may generate
complex waste products; but not if they are physical (vacuum
evaporation, suction) or mechanical (non-abrasive water jet).
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d) Waste Processing

The techniques to process and package both primary and secondary
wastes are conventional. They aim at both reducing the volume and
encapsulation of various radioactive materials in matrices. Of
particular interest is the possibility of free release of the
material after processing. One approach is to melt all the
metals as well as empty metallic parts. This has particularly
beneficial effects because it dilutes surface radiocactivity in
the mass. Graphite can in principle be incinerated.

e) Remote Operation

Remote operation techniques are essential when the activity
levels of some parts to be dismantled are high. Telemanipulators
together with their carrier and zrobots are used. On their
deployment, one must make use of proper devices for viewing,
distance measuring and obstacle detection.

f) Radiological Protection

Radiological protection techniques designed to avoid radiation
exposure, and personnel contamination are well established.

2.2 Methodological Research

This type of research is extremely important. In fact, the
current lack of any economic return from the decommissioning
business (except in the field of safety) leads one to seek cost
optimization. Such optimization will involve the technical work
and the waste output and radiation exposures. Cost projections
are essential in detailed financial planning, and in making
financial provisions for future liabilities.

2.3 The Time Parameter

Decommissioning operations can stretch out over very long time
periods. It becomes obvious that techniques may improve and new,
more effective solutions may be found in the future. Nonetheless,
time devoted to their improvement must be constrained as we are
dealing with solving practical problems. _
The methodology research work to set a framework for any
decommissioning project to start is more urgent, since it needs
to be established and accepted well before a start is made on the
large number of installations which are to be decommissioned.

3. R&D Trends Worldwide

As we have seen, the EC has a significant proportion of the world
civil stock of nuclear installations. It has carried out
important research in the field of decommissioning. The other
countries which have been involved in decommissioning on a
similar scale include the USA, Canada and Japan.
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The aims of decommissioning, the methods for setting strategies
and the techniques employed are generally the same. Japan,
however, aims for short-term decommissioning strategies to reuse
sites as quickly as possible.

4. Overall Features of Current EC R&D Programmes

Although it was not a criterion at the time the programme was
initiated, at the EC level, this decommissioning programme
complies with the general principle of subsidiarity. It is a
large scale cooperative project which is essentially technical
in nature. It is part of the vast field of cross-border health
and environmental protection studies required over the coming
decades.

4.1. National

Since decommissioning is an unavoidable phase 1in nuclear
programmes, all those EC countries which set up such programmes
a few decades ago have carried out R&D in this field. This
research has taken place in the context of general R&D in
national programmes. It covers all the aspects already mentioned.
Because of the EC’s method of contract selection and financing,
which encourages the continuation of the national programmes
within a common framework, such work is continuing and is being
integrated with the EC programme when appropriate. More
information on the national programmes is contained in a
supplement to this report. ‘

In those countries which have only recently acquired reactors the
R&D is of course on a much smaller scale.

4.2. International

There is little R&D other than within the EC financed at an
international level. The international nuclear organizations,
OCDE/NEA, IAEA, primarily offer possibilities for information
exchange in which the EC countries with strong nuclear
programmes, as well as the EC itself, participate. Documents are
published under the auspices of these organizations.
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IV. THE NEEDS

Decommissioning operations can only grow in importance in the
coming years. The reasons for this are clear from the
technological viewpoint, and moreover it is inconceivable, for
both economic and ethical reasons, to leave installations which
have been closed down with no decommissioning for all time.

It should be noted that the size of the installations to be
decommissioned will increase in the future. Up to now
demonstrations have been carried out on reactors which would be
classed as modest or average by comparison with the more recent
reactors which have entered service.

From the technical point of view, there is a need to ensure that
techniques and procedures are fully validated and applicable on
an industrial scale within one or two decades. These could be
perfected in due course when actual decommissioning is
undertaken.

At the same time, from the economic angle, efficient evaluation
methodologies will be needed in order to choose the best strategy
for a given installation.

Dismantling, which is the technical side of decommissioning, is
now reaching industrial maturity. It is essential, both for the
operator and for the community, that this should be carried out
under the most favourable financial conditions, since both will
benefit from any reduction,Kin costs. However, as was mentioned
earlier, it must also be carried out in exemplary fashion both
from the radiological point of view and in terms of protection
of the environment. These objectives can only be realized through
a strategy which is soundly based with the use of the latest
methodologies. Economic techniques and evaluations are therefore
closely linked in the nuclear field, perhaps more so than in any
other field.

We consider that the basic knowledge needed to decommission a
nuclear installation in a satisfactory way has now been acquired.
However, it can be improved. To be more precise, technical
developments can be directed to the points indicated below.

At the moment it appears that one can perform radioactive
measurements which are sufficient for all decommissioning
activities. Nevertheless, certain aspects of these measurements
could be optimized in the areas of:

- precision and activity levels,

- very low level measurements upon large quantities of material,

- measurement of long lived alpha emitters for sorting and
classification of waste,

- instantaneous knowledge of the radiological state in order to
know the activity levels (gamma photography) .
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As regard cutting techniques, it is necessary to improve the
performance of tools and to extend their field of application to:

- the cutting of very thick steel,
- the cutting of reinforced concrete.

In the field of decontamination, which is and will be widely
employed, developments should be done on:

- the efficacy of decontaminants,

- the efficient decontamination with the production of effluents
which are the least harmful to man and the environment,

- the limitation of the secondary waste which they give rise to.

The management of waste would be improved by decontaminating as
much material as possible by removal of long-lived alpha and beta
emitters. >

Finally, in order to assist telemanipulation, which should become
increasingly important, vision and alignment in highly
radiocactive environments needs to be improved. This requires the
radiation hardening of electronics and optical materials.

As for methodological research, one must develop the
possibilities for evaluating :

contamination (and activation),
radiological risks,

production of waste,

- and, finally, costs.

It is therefore necessary to develop the optimization and
application of technological, management and economic models,
while taking into account time delays of up to a century.

The final need is for a system of active and well-documented
information exchange and, if possible, of rules, which would
enable the harmonization and synchronization of decommissioning
activities with regard to the systems of waste storage and
disposal.
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V. THE CURRENT EC DECOMMISSIONING PROGRAMME (1989-1993)

1. The whole Programme and jits main components

The Community started to be interested in decommissioning of
nuclear plants in 1977, in the framework of environmental
problems. The first four year research programme (1979-1983) was
adopted by the Council (4.7 MECU, 51 contracts). It has been
followed by a second one 1984-1988 (12.1 MECU, 62 contracts) and
the third, presently under evaluation (33,8 MECU, 81 contracts).

The main objective is to reinforce the scientific and technical
basis of decommissioning as well as the radioprotection, waste
and cost aspects. Optimization was an objective of the Programme.

Research has been carried out by public organisations as well as
private companies in the Member States mainly under shared-cost
contracts.

The nature of activities has changed from the first to the third
programme. At the beginning laboratory research and theoretical
studies were the main purpose of the contracts. Then, more and
more weight has been allocated to large scale tests and
demonstrations, and to pilot dismantling projects. This trend is
reflected in increasing contract budgets.

The results of the programme have been reported regularly through
annual progress reports, conference proceedings and final
reports.

A first evaluation was conducted in 1986 for the period 1979-86.
The present evaluation bears on the current 1989-1993 programme
adopted and financed under the Communities’ IInd Framework
Programme (1987-1991). It is managed by the Radioactive Waste and
Nuclear Fuel Cycle Division (XII/F/5) like the R&D programme on
waste management "Management and Disposal of Radiocactive Waste"
1990-1994. The Commission in charge of this current programme is
advised by CGC 6, a Panel of national R&D executives in both
fields of decommissioning and waste management.

The outline of contracts in the 1989-1993 programme is the
following
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CONTRACTS APPROPRIATIONS BY MAIN SECTIONS AND AREAS
OF THE PROGRAMME (1989-1993)

MECU
SECTION A. Research and development projects concerning
the following subjects:
Area
Long-term integrity of buildings and systems 0. 2
Decontamination for decommissioning purposes 0.8
Dismantling techniques 2.0
Treatment of specific waste materials
steel, concrete and graphite 1.3
Qualification and adaptation of semi-autonomous
manipulator systems 1.8
Estimation of the quantities of radioactive wastes
arising from the decommissioning of nuclear
installations in the Community 1.2
Total Section A 7.3
SECTION B. Identification of guiding principles 0.3
SECTION C. Testing of new techniques in practice
Pilot dismantling projects 16.0
The Windscale Advanced Gas-Cooled Reactor (WAGR) - the
Gundremmingen Boiling Water Reactor (KRB-A) - the BR-3 -
Pressurised Water Reactor - the AT-1 fuel reprocessing
pilot plant.
Alternative tests 6.5
Staff secondmen 0.2
Data bases 0.3
Total Section C 23.0
Staff and administrative expenses 3.2
TOTAL 33.8
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A detailed list of all contracts is at Appendix 2.

2., Findings on Each Major Part

This section summarizes the comments and recommendations on the
different parts of the current programme.

We have chosen to report on Area 1 to 6 and some other particular
parts. Two pilot projects, Windscale and Gundremmingen, have been
visited by the Panel and reviewed in detail. The Panel met the
Project Manager from Mol in Brussels and discussed the
decommissioning phase of the project.

The detailed information obtained by the Panel for the
evaluation of contracts from areas 1-6 is part of Appendix 5
which is published in a Supplement available from the Commission
on request.

SECTION A : RESEARCH AND DEVELOPMENT PROJECTS

AREA Al : LONG-TERM INTEGRITY OF BUILDINGS

l. Objectives

The objective of this area is to determine the measures required
for maintaining shut-down plants in a safe condition and to
assess the radiological consequences and costs. This is
particularly relevant to situations where deferral of dismantling
is proposed. It is now the situation that many nuclear power
plant owners have proposed deferral periods from several decades
to over one hundred years. Such strategies can be beneficial in
terms of lower radiation exposure of the dismantling personnel,
ease of dismantling, lower quantities of radioactive wastes and
lower costs. These benefits could, however, be offset if the cost
of care and maintenance required is significant. The importance
of this area has grown since its inclusion in the previous
programmes (1979-88).

The current programme builds on work carried out in the previous
programmes. This previous work involved inspection of selected
nuclear plants and examination of materials of construction in
order to determine the mode and pace of degradation. The
intention of the present programme is to gather more data from
nuclear plants in order to establish confidence in long-term
forecasts on the integrity of buildings and systems. This is
intended to involve '

- collection of additional data in order to determine degradation
rates and derive or check forecasting rules;

- comparison of containment methods applied at specific shut-down
nuclear installations in Member States;

- assessment of the merits of the Safe Storage option in the
decommissioning of installations other than reactors.
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2. Progress

Only one research contract has been awarded in this area. This
is on the examination and long-term assessment of nuclear power
structures and is an extension of a previous programme'’s work.
Progress on this is satisfactory particularly on the study of
chloride and carbonation induced <corrosion of concrete
reinforcement and on the behaviour of prestressed concrete
pressure vessels. However, it is not clear how this work will be
used to practical value since proposals for a planned inspection
and maintenance system have not yet been produced by the
contractors.

3. Comments and Recommendations

The single contract for research in this area is not sufficient
to cover the aims and intentions of the current programme. No
work is being done to compare the containment (or confinement)
methods at shutdown plants in Member States and no work is in
hand on the assessment of the merits of Safe Storage for
installations other than reactors.

The Panel recommends that:

1- The programme is reviewed and proposals made on how any gaps
can be filled;

2- It is particularly important to ensure that the data from the
existing contract will be utilised and presented in a way which
will be of practical value to those considering the long-term
behaviour of their structures;

3- To try to obtain data for the comparison of the performance
of containment methods for a range of buildings at nuclear
installations (e.g. performance of roofing materials, cladding,
prevention of deterioration by weathering); and

4- This area of R&D must be addressed in more detail in the next

programme but consideration should be given to seeking proposals
for some work in advance of that.
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AREA A2 : DECONTAMINATION

l. Objectives

Contamination is a surface phenomenon on materials having been
exposed to radiocactivity whilst in nuclear installations. The
degree of contamination mainly depends on the material itself,
the class and density of contaminant radionucleide in the fluid
and the exposed time.

The objectives of decontamination in the decommissioning of a
nuclear installation are

- to reduce as far as is practicable, consistent with the ALARA
principle, the occupational dose at the possible subsequent phase
of dismantling and also during decontamination work;

- to reduce as far as practicable the volume of waste and
furthermore to classify as reusable the maximum of materials and
components.

The decontamination methods are quite numerous depending on a
great number of variables: class of material, surface rugosity,
contamination adherence, geometry, volume, etc.

Up to now many various decontamination procedures have been used
in operating nuclear installations and power plants for
maintenance purposes, and some of them are already in
semi-industrial and industrial use. The main difference of a
decontamination method used in operating plant or in a
decommissioning plant is that in the first case there is the need
to be more restricted with base material conservation. In any
case decontamination has still a wide scope for research and
development.

2, Progress

In the research performed in the previous programmes eleven
projects were developed during the period 1979-83 and nine
projects during the period 1984-88.

In the research contracts selected for the current Programme
concerning AREA A2, there are six projects, but also in this
section will be included six contracts belonging to SECTION C,
where real tasks of decontamination of operative nuclear
installation are developed, which are now out of service.

Area A2 contracts

Contract FI2D-0016 develops a technique similar to others already
used in nuclear operating plants. Nevertheless even using a
stronger chemistry the metal removal is very reasonable and the
results improve when an ultrasonic transducer is applied and
solution is circulated throughout the circuit. The procedure
looks applicable to complex geometry and is capable of achieving
a very high decontamination factor.
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Contract FI2D-0020 consists of an electropolishing technique in
which an organic acid (instead of sulphuric or phosphoric) is
added to the electrolyte. With this pitting on stainless steel
material was avoided and also a better waste separation from the
solution was achieved.

Contract FI2D-0024 develops a microwave system to scarify
concrete surfaces. It deals with a innovative procedure which
looks applicable on reinforcing or simple concrete on flat
surfaces.

Contract FI2D-0035 develops the use of foams for decontamination
of large volumes. It is applicable to a variety of metal
components and minimise the volume of secondary wastes. The
procedure consists of two stages, one alkali (degreasing), the
other acid (etching), helped by air flow. However, it 1is
necessary to know which are the contaminants in order to choose
the appropriate chemistry.

Contract FI2D-0045 deals with the application of a decontaminant
chemical agent dispersed as a fog. The procedure will be applied
to an evaporator of a reprocessing plant which has operated with
enriched uranium and plutonium. The novelty of this technique
lies in the dispersant medium.

Contract FI2D-0054 deals also with the use of a chemical agent
dispersed as a fog. In this case the material to be
decontaminated is austenitic steel and includes an ultrasonic
device to favour fog generation and an electrostatic system to
achieve good deposition of the decontaminating agent on metal
surface. The method generates a small quantity of liquid waste.

Section C Contracts

Contract FI2D-0004 corresponds to a nuclear fuel reprocessing
installation. The work involves the application of tools with
remote control supported on a special carrier, ATENA, with
multiple applications. Besides the cutting and extraction of
various highly contaminated equipment and pipes, the project has
a special interest in adapting supporters and tools with remote
operation for cutting concrete walls using liquid nitrogen to
cool a disc saw. Other relevant ;equipment used in this task is
the linear shaped explosive charge for dismantling tanks.

Contract FI2D-0018 is concerned with the final clean up of the
PIVER prototype vitrification facility. This contract constitutes
an extension of a previous Community R&D project. The main task
consists in refurbishment of a hot cell to install new equipment
for continuous vitrification of wastes generated by reprocessing
FBR fuels. The level of radiation was of several Gy/h and has to
be reduced to levels below 0.1 Gy/h in order to permit
maintenance work at the new cell.

Different decontamination techniques, (physical and chemical)

have been used in order to assess advantages, effectiveness,
drawbacks of each one. For doing that the criteria of efficiency,
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cost, waste ©production and occupational dose have been
considered.

Contract FI2D-0022 deals with a pilot plant capable of converting
contaminated sodium (4MBg/g Cs 137) to caustic soda because of
the impossibility of disposing of sodium with other low level
radwaste in shallow land burial. The research has been developed
in the containment building of the RAPSODIE pilot FBR plant, with
the idea of obtaining a transportable installation for further
use in any liquid Metal Fast Breeder Reactor.

Contract FI2D-0067 has a main objective of developing a chemical
and physical decontamination project applicable to VVER/PWR
coolant loops to reduce waste volumes as much as possible. The
research will be done with components of the RHEINBERG NPP with
high contamination levels (about 10‘Bgq/cm2). Some components of
BR-3 will also be selected. The chemistry consists of a pre-
oxidation stage (Cr(III)-->Cr(VI)) with permanganitic acid
followed by a reduction stage with oxalic acid. The radionuclides
in solution will be extracted through resin filters. If the
resulting decontamination factor is not good enough ultrasonic
technique will also be used.

Contract FI2D-0065 is concerned with the dismantling of RM2
facility at Fontenay-aux-Roses which has been used as an
inspection cell for fuel elements from FBR (Pu oxides). The
dismantling process started in 1990 and the most relevant work
concerns ’

- gamma radiation measurement with a particular and innovative
procedure (gamma-teletopography) which permits the identification
of the radiation levels at the interior of the inspection cell
from a single photograph;

- special treatment of metallic and non metallic materials
(plastic and vinyls) with adequate chemistry when contamination
exceeds the specifications for waste disposal specified by
ANDRA;

- determination and quantification of total waste activities by
gamma spectrometry which by the spectrum of Eu 154 also allows
calculation of the Pu content;

- neutron measurements to calculate the Cm244 in the waste.

The main purpose of contract FI2D-0065 is the decontamination of
steam generator tube bundles in order to facilitate their later
dismantling. The principal objective is concerned with the
chemistry to be used, but also includes research on the nature
of contaminants, their thickness on the base metal, regeneration
of the solution and effluent treatment. The chemistry consists
of a solution of nitric acid with cerium nitrate as oxidant, with
regeneration of Ce(III) to Ce(IV) by ozone injection. The Ni Fe
and Cr oxides passed on to the solution are filtered or
chemically precipitated, dried and finally immobilized as solids.
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The project aims at the construction of a portable installation
with a decontamination capacity of 300 or 400 tubes at once with
reduced solution volumes. The solution works at normal pressure
and a temperature below 60 C to avoid possible leakages.

Comments and Recommendations

2.1. Were the Research Proposals Properly Selected ?

The decontamination activities selected for the 1989-1993 period
are of interest: they include techniques still not very much in
use, developed at laboratory level. Some of them are applicable
to large volumes and surfaces, especially those concerned with
foams and fog.

Also of interest is the application of ultrasonic techniques for
improving the effectiveness of chemical agent action on surface
materials and the research in the field of actinide
decontamination. .
The decontamination of concrete is always a difficult task;
therefore the research in progress with the application of
microwaves for this purpose could be considered of great
interest.

Regarding the contracts from SECTION C, the decontamination
experience will be valuable when similar tasks are being planned
in the future.

- Gaps in the programme

In the projects of AREA A2, the work done at laboratory level
probably would need some further development: this could be the
case for fog and foam techniques.

The decontamination of concrete is a complicated activity in any
dismantling task which probably will require some more R&D.

- Overlapping in the programme

The previous enumerated criteria applicable to decontamination
make it very unlikely to identify overlaps between the contracts
included in the current programme and the previous contracts
corresponding to the R&D in the EC programmes in 1979 and 1984.
Nevertheless there exists (in both laboratory experiments and
dismantling of nuclear installations) a tendency to develop
chemical procedures, but this could be considered normal taking
into account that the decontamination task has to deal primarily
with metallic materials.

Overall decontamination activities already have a good and
extensive ©practical background not only because of the
decommissioning projects but also in the practical operation of
nuclear power plants. '
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Nevertheless new ideas could emerge which should be developed at
research laboratory levels and these are the type of projects
which would deserve future attention if they constitute real
innovation.

It also could be asserted that decontamination practices will be
necessary not only for prompt dismantling but also for cases
where it is decided to limit decommissioning to stages 1 or 2.

2.2, Progress of the Work towards Achieving Objectives

Both experimental contracts included in AREA A2 and contracts
developed in SECTION C which were considered as applications to
real cases, await final results or are uncompleted. Nevertheless
through the information already made available (Annual Progress
Report - 1991 and some Interim Reports from 1992) it is possible
to conclude that all of them are making progress and some are
near the end: this is the case of contract FI2D-0016 in AREA A2
and the contract FI2D-0065 of SECTION C; in both cases chemical
decontamination procedures are developed with quite acceptable
results.

3. Comments and Recommendations

Decontamination depends on numerous factors, eg whether
components are removed to a workshop or treated in situ, factors
of integrity - destructive or nondestructive techniques, factors
of procedure - using physical, chemical, electrochemical means
or combinationsof several.

The criteria to be applied in each case depend on the sort of
materials, size of installation, contamination degree, adherence
or deepness of contaminant, radiation level associated with
decontamination, waste production and disposal, cost, ...etc.

In this sense the six contracts of AREA A2 and the contracts of
SECTION C constitute a good sample of what could be done, but
clearly it is not feasible to cover every possible situation, and
there is therefore scope for further research.

The research phase of decontamination is in general leading into
industrial development, due to application at nuclear power
plants in operation where there is a good experience in the case
of chemical decontamination of metallic materials.

Accordingly the panel recommends::

1- To bring to industrial or semi-industrial demonstration the
use of fog and foams for decontamination of large volume metallic
items which has been successful at laboratory scale;
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2- To emphasise the decontamination of concrete. It requires
greater effort not only because of the complexity of this
material (including the reinforced variety) but also because it
is normally only carried out in the end phase of a dismantling
project. This is why up to now little experience has been
accumulated.
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AREA A3 : DISMANTLING TECHNIQUES
1. Objectives

The dismantling of the major structural components of nuclear
facilities 1is probably the major technical operation in
decommissioning. It is essential to develop suitable means of
cutting steels and important reinforced concrete structures of
various thicknesses and levels of radioactivity. Each technique
requires specialist tools and the necessary control systems
making it possible to undertake the work (mechanics, electronics,
data processing). These means have often to be adapted to remote
operation, to lead at the time of their implementation to minimum
exposures for the workers who operate them, with the minimum
production of dust, fumes or aerosols (this often rules out the
use of conventional techniques with flame) and to generate the
possible minimum quantities of secondary waste. Finally they
should represent the least expensive practicable solution.

The adoption of existing tools to operate in a nuclear
environment and/or their adaptation to the materials to be cut
requires applied research. The inactive development of tools not
vet developed but which it is considered will be better than
those currently used requires time and fundamental and applied
studies.

The objectives of dismantling are clear. They have been clearly
stated since the first programme of 1979-83, have been addressed
in the second programme and are the subject of the current
programme. The number of contracts and the contribution of the
EC has consistently increased; 9 projects and 0.98 MILLION ECU
for the first, then 15 projects and 1.5 MILLION ECU for the
second and at least 15 projects and more than 2 MILLION ECU for
the third (some projects included in categories with other
headings also cover dismantling).

There are numerous cutting techniques available. The first
programme made it possible as a first step to select 3 types of
cutting techniques : mechanical, thermal and explosive. In the
second programme some of these were studied in more detail with
respect to the requirements specified. It was demonstrated the
advantage in having techniques which allow remote work and:

For metals:
- the advantages of underwater cutting (protection with
respect to gamma radiation, non-dissemination of the

produced microparticles) ;

- the need to develop effective filter systems for cutting
in air;

- the need to decontaminate surfaces.
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For concrete

- the advantage of using the diamond saw which produces
less dust;

- the possibility of using explosives.

It appeared

- that the economic factors were not attractive or were not
sufficiently studied and,

- that it was advisable to direct research and development
towards the cutting of thick metal structures and large
blocks of reinforced concrete.

The call for tenders of the third programme concentrated
primarily on these points.

2. Progress

This programme comprises primarily 21 contracts concerning
dismantling, 11 are in AREA A3 "Dismantling techniques"
(contracts F12D-0001 through to FI2D-0011 and FI2D-0013, FI2D-
0019, FI2D-0026, FI2D-0027, FI2D-0028, FI2D-0036, FI2D-0047,
FI2D-0049) and 10 more appear in the SECTION C "Testing of new
techniques in practice" (contracts FI2D-0001, FI2D-0002, FI2D-
0003, FI2D-0004, FI2D-0005, FI2D-0029, FI2D-0046, FI2D-0055,
FI2D-0056, FI2D-0057).

Each area covers several aspects of the implementation of a
technique. One can classify them under the following headings
already identified.

Mechanical techniques : FI2D-0007, FI2D-0009, FI2D-0013,
FI2D-0027, FI2D-0003, FI2D-0029, FI2D-0055, FI2D-0056,
FI2D-0057

Thermal techniques : FI2D-0007, FI2D-0013, FI2D-0019,
FI2D-0026, FI2D-0028, FI2D-0047, FI2D-0049, FI2D-0003, -
FI2D-0055, FI2D-0056, FI2D-0057

Explosive techniques : FI2D-0010, FI2D-0036, FI2D-0046,
FI2D-0055, FI2D-0056, FI2D-0057

Contracts which cover research in the laboratory or workshop on
a small scale and non-radioactive materials are: FI2D-0009, FI2D-
0010, FI2D-0013, FI2D-0019, FI2D-0026, FI2D-0027, FI2D-0028.

Those concerning real situations are: FI2D-0007, FI2D-0036, FI2D-
0005, FI2D-0029, FI2D-0046, FI2D-0055, FI2D-0056, FI2D-0057.
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It appears immediately

- that the projects selected are well integrated to the aims
recognising that the importance of each technique is roughly the
same,

- that for the moment the mechanical techniques are those which
are especially, but not exclusively, used in real, practical
situations.

A comparison of the use of various traditional techniques
(electric arc, grinding, saw with metals, plasma gun) showed that
for cutting steel up to 5 cm thick in air the plasma gun is best
in respect of cutting speed, and the minimisation of the
production of dust and particles. The quantities of submicron
dust collected by reusable filters were evaluated after grinding,
in a real case.

The problem arising from mechanical steel cutting by water
jetting under several metres of water is not due to the behaviour
of the nozzle, or to its replacement problems, but with its
control and with the control of the work material. Several
methods have been tested on a small scale, without success,
except for the measurement of the intensity of the mechanical
vibrations, which still requires further development. On the
other hand the cutting of concrete with a diamond saw cooled by
water jet is now developed.

Regarding thermal techniques the plasma gun has a number of
advantages, economy, reliability and effectiveness. It can,
additionally, be used remotely (up to 10 m distance) and to be
miniaturized to pass through pipes of 5 cm diameter. The
demonstration of the use of a torch in air to cut more than 130
vertical tubes of a reactor (WAGR) was made. The critical points
associated with its use were identified. Industrialisation and
the manufacture of this tool depends on increasing the life of
the electrode and of the gas connection noses if air is used,
i.e. by further research to identify suitable heat-resistant
metallic materials. It is important that the projects concerning
the plasma gun succeed.

Great hope is put in the use of lasers of a power higher than one
kW, and other developments in Japan, to cut steel sheet of
thickness a few millimetres with a clean cut and few aerosols.
The carbon dioxide laser is already used experimentally to this
end, in air or under 0.5 m of water in the presence of oxygen as
pressurising and plasma gas {(and soon to be tested under 10m).
The use of a carbon monoxide laser would be better, in particular
the beam could be transmitted by optical fibres which would give
remarkable flexibility to the tool. However the scientific
problems to be settled are numerous and two aspects of the
development of such tools are being studied at the stage of
research: laser-metal beam interaction (absorption of the beam
by melted metal and plasma) and the transmission of the beam
(seeking improved guides and materials for optics). Much remains
to be done.
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The operating conditions of thermal techniques are more sensitive
than those of other techniques.

Explosive techniques can take advantage of the effect of shock,
of the blast, and/or the effect of heat, either to produce a more
or less uniform cut through steel (from a few millimetres to 25
cm in plate or in tube) or of blocks of concrete (using the
traditional technique of placing small charges in drillings) or
to break up the surface of metals, to allow decontamination, or
simply to fracture large, massive blocks of concrete. The
techniques are essentially conventional and they allow
dismantling in places otherwise inaccessible to other techniques
(for instance, working inside pipes or holes) but care is needed
to ensure that suitable blast shields can be installed. In both
cases there are risks from projectiles and other side effects.

These techniques are of particular value in supporting more
conventional techniques to dismantle metal structures. In this
respect much remains to be done to optimize all the currently
identified parameters (geometry, quantities, shock profiling,
initiation of the explosion). For concrete it 1is more
traditional.

The application of 3 techniques to dismantle a major facility
have been undertaken (BR3-PWR, VAK-BWR, KNK). These showed that,
suitably implemented, they could be effective and even function
better than anticipated. In particular mechanical cutting with
a saw was very successful in terms of economy, simplicity of
implementation, maintenance and reduction of secondary waste.

The compilation of the data on these techniques, either already
obtained or obtained in the course of programme, but also
including foreign data, is important and is in hand. There is a
need to ensure that the results are publicized to those who can
use them effectively. This is regarded as very important.

3. Comments and Recommendations

The technical aspects of dismantling appear to be adequately
covered. On the other hand there is much less data on the
economic aspect of implementation of the various cutting methods.
This aspect however was part of the contractors’ original remits.
Certainly it is not the easiest problem to deal with, but the
decommissioning programme is so connected with the financing of
the operations that it will be advisable to study this point in
more detail.

In view of the very targeted nature of dismantling there is no
appreciable interface with any other programme.
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In the field of dismantling overlaps are inevitable within the
overall programme with common features such as making radiocactive
structures safe, the recovery of cutting waste and the
robotisation of the operations. In fact these aspects are
examined by most of the contractors, but there are no obvious
cross-checking of results between them.

The dismantling of the various facilities requires the use of a
minimum range of tools. A panoply of operational tools exists
which require only some adaptation to work satisfactorily in a
radioactive environment. The programme needs to allow choices
according to the materials to be cut and the environmental and
radiological conditions where they are found. It is appropriate
that these tools should be capable of being used in various
configurations.

In this respect the Panel recommends :

1- To take care that further contracts will cover the selection
of tools adapted to the various special situations to be met in
the dismantling of the various current and future facilities. It
is essential to test such tools in the pilot projects.

However the application of the cutting tools cannot be done
without knowing the associated, direct and indirect financial
costs, i.e. for the 1latter the costs corresponding to the
radiation protection measures to be adopted and those
corresponding to the management of secondary radioactive waste
generated by this operation.

Accordingly the Panel recommends :

2- To pay close attention to contracts which will deal with the
evaluation of the costs of the dismantling methods.

The panoply of tools currently available could doubtless in the
years ahead, be supplemented, in particular as a result of the
appearance of various power lasers (or of other still unknown
tools if it is envisaged that cutting will take place in a
century or more hence).

Accordingly the Panel recommends :
3- To contribute, in the immediate future, to the continuation
of research and development on innovative techniques to make

dismantling easier and to improve the cutting tools currently
available.
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AREA A4 : TREATMENT OF SPECIFIC WASTE MATERIALS:
STEEL. CONCRETE AND GRAPHITE

1. Objectives

In the dismantling of nuclear installations, large amounts of
radiocactive metal, concrete and, in the case of gas-cooled
reactors, graphite will arise. This waste must be suitably
conditioned for disposal or recycling. The area has been strictly
limited to preclude overlapping with the Community research
programme on radioactive waste management.

The current programme is aimed at the development of ways to
reuse scrap steel and nonferrous metals arising from types of
nuclear installations others than light water reactors (steel
scrap from LWRS can already be dealt with following research in
previous programmes) .

- Recycling steel as reinforcement in concrete.
- Volume reduction of contaminated or activated concrete.

- Metallic coating of graphite parts to fix radionuclides.

2. Progress

Contract FI2D-0037 has applied the steel melting techniques
developed in earlier programmes to decontaminate copper and
aluminium scrap. Using materials from nuclear power plants
significant decontamination has been achieved, but more work is
needed before the process can be regarded as proven. Progress is
encouraging and objectives should be met by the end of 1993.
Additional work is being conducted on burning off plastic
coatings (insulation) from copper cable and similar materials.
It is not clear that the techniques are novel and differ
basically from those used routinely for uncontaminated materials.
Contract FI2D-0014 is investigating the use of heating to remove
tritium contamination from a range of items. High temperatures
are required and information should be obtained on costs and
sizes of components which can be handled. This work is largely
practical and has generated 1little new information or
understanding.

Contract FI2D-0021 has been investigating the use of contaminated
steel scrap, with other metals, to form reinforcing bars, or as
a substitute for aggregate in reinforced concrete fabrication.
Results so far are promising and the programme objectives should
be achieved.

A joint study by Dutch and British contractors is developing a
process to separate the physical components of concrete so that
those parts which are not radioactive, particularly aggregate,
can be recycled (contract FI2D-0015). Research is progressing
well and should lead to the specification of a design for an

66



industrial scale process. The use of coatings to improve the
decontamination step is planned, together with a detailed
cost-benefit study, before the end of the contract.

Contract FI2D-0017 is seeking means to fix any radioactivity on
the surface of graphite to make it more acceptable for storage
prior to disposal. The surfaces of the graphite are metallised
and results of initial leaching tests are promising. However, the
process appears very expensive and good cost benefit studies are
essential before the contract comes to an end.

Pilot decommissioning studies (FI2D-0001, FI2D-0004, FI2D-0018,
FI2D-0022) are generating actual radioactive waste. At present,
apart from packaging for safe storage (or shallow land disposal
in France), none of the techniques arising from this section of
the programme appear to be utilized.

All these contracts do not stand alone as a programme on
radioactive waste management but they do £ill the gaps in the
main waste management Programme relating to the overall strategy
for managing decommissioning wastes from dismantling through to
disposal. The interfaces between the Programmes could be dealt
with more effectively if joint review groups from the waste
management and decommissioning programmes worked together to draw
up the strategy.

3. Comments and Recommendations
The Panel recommends that:

1- More consideration should be given to work already undertaken
and published elsewhere, particularly on the removal of coatings
and tritium from metals, which appear to offer little which is
novel;

2- The waste management section of the decommissioning programme
should be merged with the waste management programme to allow
more detailed assessments to be made;

3- At least a scoping of cost-effectiveness should be undertaken
at the beginning of contracts, certainly to be followed by a full
financial appraisal before the contract comes to an end;

4- A need for the techniques, and a commitment to test them in

real situations, should be obtained from at least one of the
organizations undertaking a pilot decommissioning project..
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AREA AS : REMOTE-CONTROLLED MANIPULATOR SYSTEMS

and RELATED PROJECTS IN SECTION C: ALTERNATIVE TESTS

1. Objectives

This part of the decommissioning programme aims at supporting R&D
activity and demonstration in the field of remotely operated and
controlled systems used in dismantling, decontamination, waste
disposal and other operations in nuclear facilities. The
specific objectives of the decommissioning programme do not
include the support of basic R& in the areas of
remote-controlled systems, but they are focusing on the
adaptation, system engineering, qualification and demonstration
of such systems to be used in nuclear environments.

The decommissioning of nuclear facilities often involves
situations which require remote operations. These are required
in cases where the radiological consequences of operations are
not permissible, or they are justified on economic or work
organisation grounds. The needs in these two cases are different,
since in case of a highly radioactive site, the strategy for
remotely operated system must be self-sufficient. In other
decommissioning cases, the strategy for remotely operated systems
is mainly based on a trade-off between costs and collective
doses. This implies that any further decrease in the limits of
admissible collective doses would render the use of remotely
controlled operations more important. In this respect, the
industrialisation, after extensive adaptation and testing, of
proved techniques is necessary.

The technologies supporting remote operations may be classified
according to the degree of autonomy and versatility, in the
following categories:

- main controlled, remote manipulators;

- master-slave manipulators that are digitally controlled or
monitored;

- robotic systems, including various degrees of autonomy- and
adaptability;

- vehicles.

The above considerations lead to a characterisation of R&D on
remote controlled manipulation systems for nuclear
decommissioning. R&D has to deal with:

- prototype adaptation and improvement,

- development and system engineering,
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- applied research issues mainly concerning digital control and
viewing, and

- demonstration and testing in real-world trials.

The application to specific cases may also lead to different
functional requirements. The experience shows significant
differences in the following cases

- dismantling of reactors, compared to dismantling of cells,
- operation in air, compared to operation underwater,

- heavy-duty manipulations, compared to light operations needing
multiple tools,

- operation in high radiation environments, compared to cases
permitting the routine access of personnel.

Concerning the development of remote-controlled manipulation
systems, two contrasting strategies are formulated. The first
is to conceive and develop a technical system adapted to the
specific application case, thus being customised and not
generally applicable for wider use. The second is to use and
adapt an existing system, which should exhibit enough versatility
and operational flexibility, so as to be adaptable. Techniques
in the first strategy are usually of lower cost .and more
effective. However, techniques involved in the second strategy
(usually robotics) are more expensive, at least for the initial
investment.

Only a few large projects have used advanced remote controlled
manipulation systems in decommissioning work. They are namely the
cases of ELAN (Hague), ATI (Hague), WAGR (Sellafield), JPDR
(Japan) . Niederaichbach and G2/G3 (Marcoule). Although different
in scope and objective, these projects made considerable
contributions in the field, by developing and demonstrating
advanced techniques, for a wide range of operation requirements.
In all these cases there was the problem of dismantling or
decontamination under high radiation conditions.

On the contrary, in several other cases not involving such
hostile working environments, the projects needed less advanced
techniques, which involved semi-remote operations, long handled
tools, powered tools operated in shielded facilities,
PLC-controlled machines, or even some robotic arms. Such-
techniques are rather common in industry, although needing
adaptation, as mentioned before.

2. Progress

Nine projects were funded within the current programme concerning
remote-controlled manipulation systems, namely contracts FI2D-
0006, FI2D-0008, FI2D-0012, FI2D-0025, FI2D-0041, FI2D-0032,
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FI2D-0064, FI2D-0068, FI2D-0072. The first six projects are in
the AREA A5 of the R&D programme, while the other three are under
the heading of alternative tests. The first six projects started
earlier (one and a half years before the others). All projects
are progressing well and, after a specification and design phase,
they are carrying out system setting and experimentation.

With respect to the decommissioning tasks to be handled by the
remotely controlled equipment, the projects cover the following
cases :

- dismantling (of light equipment), cutting in cases of multiple
tool handling, decontamination and waste removal applicable to
several cases

- decontamination and waste removal

- remote manipulations in melting furnaces

- concrete dismantling

- underwater dismantling of vessel and fuel storage pool

With respect to the type of remote controlled technology, the
projects are classified as follows :

- robotic systems

- mechanical manipulation or handling systems, with digital
control

- underwater vehicle
- diving device

Concerning the stage the projects are reaching in the R&D typical
classification, the projects are characterised as follows

- applied research, prototype development

- development and system engineering projects

- demonstration projects

It is also important to relate the projects to broader efforts
in R&D and real-world operations in decommissioning. In this

respect, the projects mainly relate :

- to the Harwell Nuclear Robotics Programme and to the WAGR.
Sellafield

- to the G2/G3, Marcoule case
- to real-world cases of smaller size

- seemingly unrelated to a real case
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With respect to testing and experimentation methods adopted for
technology assessment, the projects are classified as follows

- testing on real-size mock-ups
- testing on real applications

It must be noticed that the projects were examined on the basis
of documentation which concerned the first year or the first one
and a half years of the project work. For most projects, this
period covered definition, specification and design issues, while
few of them commenced manufacturing and testing of components.
None of the ©projects, was reported in the available
documentation, to have performed system application testing.

3. Comments and Recommendations

The part of the programme dealing with remote controlled
manipulation systems seems generally well structured and
oriented. The Panel emphasises the importance of the inclusion
of this topic, as stressed before, while it might become even
more important if standards on admissible collective doses are
made more severe in the future. The field involves the use of
high technology devices that are progressing fast, a fact that
further justifies the need for continued follow-up by the
decommissioning industry.

However, as mentioned before, the nature of R&D in this field is
rather limited to system integration and the improvement of
adaptability to the nuclear environment.

Thus, the Panel recommends that the programme should focus:

1- On the acquisition, selection, adaptation and assessment of
advanced remote-controlled systems, as they are progressing and
proved available from other R&D fields;

2- On the integration into systems and the demonstration into
real world decommissioning cases.

In the subsequent phases of the decommissioning programme, the
Panel recommends that:

3- More emphasis be put on real applications, leading to adequate
technology assessment, industrialisation and information
dissemination.

However, given that several key technology issues are still
progressing, the Panel recommends that the Programme should
maintain the support of selective applied research efforts,
especially in the field of advanced robotics/vehicles,
controlling systems and viewing techniques.
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The Panel recommends that:

4- The future projects in this field must build on already
accumulated experience in the nuclear and other field and it is
imperative to connect to other R&D programmes, at the national
or Community 1level. For example, better 1links could be
established with TELEMAN, ESPRIT (CIM) and the BRITE programmes.

With respect to the scope of the previous programme, the part
concerning remote-controlled systems covered a - wide range of
cases, as the classification of projects showed. As explained
before, the requirements for cases involving highly radiocactive
environments are specific. The programme seems to be
insufficiently covering the spectrum of such cases and not being
sufficiently connected to the 1large projects that were
independently launched in this area.

The Panel recommends that:

5- The future demonstration projects and other operations in
highly active environments must be supported to promote the use
of remotely operated devices, in a way which will improve the
experimentation in real-world cases.

Advanced techniques, such as robotics, vehicles and viewing
systems are well covered by the programme. However, the related
projects were limited to development and testing within the
laboratory environment, while the projects testing equipment
within an industrial context involved rather simpler or less
automated techniques. This situation, of course, reflects
reality.

The Panel recommends that:

6- In connection with the future demonstration projects,. the
programme could develop actions to promote industrial testing of
the more advanced technologies.

Similarly, the Panel recommends that:

7- The projects that involve mainly engineering design and
development of rather conventional devices should be supported
on condition that they are integrated or 1linked to future
demonstration projects.

The number of partners in projects is small and international
cooperation is rare, even then just focusing on specific tasks.
An opening up of cooperation is a general imperative for many
reasons.

The Panel recommends that:
8- In the area of remote controlled devices, the Commission

ensures technology transfer and dissemination, as well as synergy
with other R&D fields.
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AREA A6 : ESTIMATION OF QUANTITIES OF RADIOACTIVE WASTES

1. Objectives

The stated objective of this area is to estimate the quantities
of various categories of radioactive waste that will arise from
the decommissioning of nuclear installations in the Community.
This involves the definition of reference strategies for
decommissioning and is therefore to be regarded as a long-term
task.

For most decommissioning managers that we have interviewed the
waste issue is the most difficult to handle, because of lack of
disposal facilities or lack of guidelines for classification. So
far most of the work in this area is concentrated on preparing
background data for free or restricted release of material from
decommissioning. This objective is highly relevant on a Community
level and should be followed by establishing common limits
within the Community. We are pleased that some work is already
in progress, but firm timetables for completion are needed.

Also the second part of the objective, to define reference
strategies for decommissioning is highly relevant. So far,
however, very little work is performed in this area.

Already during the current programme activities were performed
in this area concerning activity determination, and
characterisation, radioactivity measurements and preparation of
methodology for evaluating radiological consequences of reuse of
material.

For this programme it is stated that

- radioactivity measurements should be improved/developed with
particular regard to clearance procedures for materials,
buildings and sites;

- strategies for the decommissioning of typical nuclear
installations should be further studied, account being taken of
the waste disposal facilities existing or planned in various
member countries; :

- a methodology for evaluating the risks of decommissioning
operations should be developed;

- the evaluation of residual activity levels below which
materials from decommissioning could be reused should be pursued.

2. Progress

The intentions given in the programme are not fully reflected in
the actual performance of the work. The choice of research
projects, although all are to a degree relevant, seems to be a
collection of miscellaneous projects. For some projects the
general relevance seems to be limited.
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In total nine research contracts have been given in the area.
Another two contracts from SECTION C: FI2D-0058 and 63 also
relate to the area.

The contracts could be grouped in four areas in accordance with
the intentions given in the programme and a fifth group for
miscellaneous

Development of measurement techniques for low-level material :

- Quick measuring methods of radionuclides in materials and
wastes during decommissioning of nuclear installations.

- The characterisation and determination of radioactive waste
from decommissioning. -~

- Further development and operation of an automated large-scale
radiocactivity measurement facility for low-level waste.

The first two of these involves measurements of "difficult to
measure" radionuclides to correlate with "easy to measure" gamma
nuclides. The contracts involve a lot of process problems for
making the radiochemical measurements. The general applicability
of the results could be questioned although the methods developed
could possibly be used for spot-checks. The third contract
involves a practical application of large-scale measurements for
free release, which if technically good could facilitate
declassification and removal from regulatory controls.

Strategies for decommissioning :
No contract fits directly under this heading. In one contract,

however, some data is calculated to be used in the future
strategy decision. This is

- Quantification of activity levels and optimization of dose rate

management to prepare for stage 3 decommissioning of gas-cooled
reactors. '

Methodology for risk evaluation : -

- Methodology to evaluate the risks of decommissioning operations
on nuclear power plants.

Background data for establishing reuse criteria :
- Doses due to the reuse of very slightly radioactive steel.

- Radiological aspects of recycling concrete debris from
dismantling of nuclear installations.

- Definition of reference levels for exemption of concrete
coming from dismantling.

The purpose of these studies is to provide input data for the
radiological risk assessment for recycled material, which is of
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great importance. It is, however, not clear how the studies are
coordinated with the work performed by DGXI to develop criteria
for free release.

Miscellaneous :

- Development of a prototype apparatus for displaying on a
screen the gamma-sources superimposed on the image field. This
contract deals with higher levels of radiation.

- Decommissioning costs for nuclear installations.

- Collection and treatment of data on costs and radiation
exposure generated in dismantling work.

3. Comments and Recommendations

The contracts given in this area fall into two broad categories,
waste management and miscellaneous. The first category is closely
linked with AREA A4 and also with work performed under the waste
management programme.

The Panel recommends that:

1- Waste issues are treated in one single area and that AREA A6
be devoted to miscellaneous strategical studies.

Many of the contracts given in this area covers subjects that are
of importance to studies for the effective management of
decommissioning. Of special importance are the studies relating
to free and restricted release of material, and coupled to that
the techniques for measuring or establishing low levels of
radioactivity.

The Panel recommends that:

2- These studies should be closely coordinated with other work
within the Community to establish release limits, especially the
work of DG XI. It should be clarified who plays the lead role in
providing background data for establishing release limits.

Studying the costs of decommissioning has a great value for
future strategic planning. The study performed has given a useful
methodology. The results, however, are very country specific, due
to the technical and economical conditions of that country.

The Panel recommends that:

3- Cost studies for another Member Country are also performed for
comparison.
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The start which has been made in the collection of data on costs
and radiation exposure is commendable and should be further
pursued. We are concerned, however about the general
applicability of the results at this stage.

The Panel recommends that:

4- Work on data collection is given further attention.

Very limited work has been performed so far concerning strategie
for decommissioning. :

The Panel recommends that:

5- Strategic issues should be given more emphasis in the next
programme.
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SECTION B : IDENTIFICATION OF GUIDING PRINCIPLES

1. Objectives

Two types of work are performed in this section with the
objectives

- to make recommendations for Community actions in the field of
principles, regulation and policies for decommissioning;

- to prepare a decommissioning handbook. The main subject of the
handbook should be the detailed description of state-of-the-art
techniques, that is techniques that at the present state of
knowledge and experience would constitute a good choice for the
performance of a typical decommissioning task.

This section is new in the current programme and only a small
fraction of the total budget is devoted to these studies. The
studies, however, indicate that decommissioning has become a
mature technology and that now is the time to develop also
soft-ware (administrative) tools to assist in the good planning
and conduct of industrial scale decommissioning operations.

2, Progress

For the first objective a report has been prepared by a group of
experts, giving the status in the different Member Countries
concerning general principles and recommendations on an
international level as well as regulation, standards and policies
in the Member States.

For the second objective the preparation of the first edition of
a decommissioning handbook is in an advanced stage and the
handbook is due to be ready during the second half of 1993. For
its preparation experts from many organizations have been
engaged

3. Comments and recommendations

It is important that the strategical issues of decommissioning
are discussed on a Community level, to establish a harmonised
attitude towards the goals of decommissioning, and so that the
different approaches in the Member Countries are well understood
and it can be shown that there are several different ways of
achieving the same goal.

The strategic issue is not reflected to a proper level in the
present programme, but a starting point has been set by the
collection of existing principles, standards, etc.
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The panel recommends that:

1- The strategic issues, e.g. study of early and deferred
dismantling, and full dismantling against only partial release
of a site should be given a higher priority in the coming
programme .

The preparation of a decommissioning handbook is welcomed. It
will be a very useful tool for those undertaking future
decommissioning work. It will also be useful for the formulation
of future R&D programmes in the field of decommissioning. To that
end it might be advisable to prepare another type of handbook in
which the sets of technologies needed for the decommissioning of
different types of nuclear installations are listed and reference
is made to the newly prepared decommissioning handbook, e.g. as
Guidelines for LWR decommissioning, etc.

The Panel recommends that:

2- An evaluation is made of decommissioning requirements in the
Community for different installations (e.g. CGR, PWR, BWR, VVER,
HWR, FR, fuel plants, etc.) against the state of the art
techniques in the Handbook. This should be aimed at providing
Guidelines and identifying any gaps and could point out the needs
for future developments. Also the strategic issues should be
reflected, e.g. as model decommissioning strategies for all of
the types of nuclear installatioms.
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SECTION C : PILOT PROJECTS

PILOT DISMANTLING PROJECTS CONTRACT FI2D-0001 - WAGR.

1. Objectives

The dismantling of the Windscale Advanced Gas-Cooled Reactor

(WAGR) is the UK’s lead reactor decommissioning project, the
objectives of which are

- To demonstrate the feasibility of dismantling a gas cooled
nuclear reactor safely and at an acceptable cost in terms of both
money and dose uptake.

- To establish a route and appropriate authorisation procedures
for the disposal of the active waste.

- To highlight engineering problems and to develop the necessary
equipment and techniques to overcome them.

- To acquire and record the information, data and expertise that
would be of use in the design and subsequent decommissioning of
nuclear power plants, especially gas-cooled nuclear reactors.

It is the current intention to decommission the reactor to "green
field" status. Decommissioning began in 1982 with defuelling and
subsequently much waste treatment and engineering work has been
carried out in preparation for the eventual removal of the
reactor core in the 1990s.

Tasks associated with this overall project in the UK that are
being carried out as part of the CEC Decommissioning R&D
programme are defined in two discrete phases comprising

Phase I : - Dismantling the top biological shield

- Cutting and handling refuelling standpipes

- Dismantling the pressure vessel top dome

- Inactive trials of the remote dismantling machine
- Data collection

Phase II : - Dismantling of a WAGR heat exchanger
- Remote dismantling of the hot box
- Remote packaging of intermediate level waste

There is no question that the project and the tasks included in
the programme are of direct relevance to the objectives of the
CEC programme. Not only will the project generate a considerable
amount of technical data of potential value to other projects but
the actual demonstration of the feasibility of dismantling a
power reactor will be of great value in public perception terms
and in convincing politicians and Regulators that decommissioning
can be completed safely.
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2. Progress

All tasks in Phase I have been successfully completed except the
documentation of the data. In Phase 11 the only progress to date
is that the decontamination and dismantling methodologies for
dismantling a heat exchanger have been identified and the task
specification has been written. The remaining tasks in Phase 11
are planned over the next 2 years.

Progress to date has been slower than originally planned due to
funding constraints and licensing difficulties. The CEC funding
has meant that the work has not been delayed even further. The
work carried out to date has benefitted from other CEC programme
work both at Windscale and elsewhere in the Community. The
contractor confirms that the interactions with others through the
contractors’ meetings and bilaterality have been very valuable.
Useful exchanges also take place through the NEA/OECD cooperative
programme with other major projects outside the Community.

3. Comments and Recommendations

It is clear that the inclusion of major pilot decommissioning
projects such as WAGR in the CEC programme is of benefit both to
the projects themselves and to Community industry as a whole. It
is perhaps the case, however, that the qualitative information
derived from the project is possibly more valuable than the
quantitative "hard" data generated which is specific to the
project. This includes data on costs, doses, etc. The usefulness
of the information from the project will depend on the quality
of the data base generated and how it is taken into account in
the preparation of the decommissioning handbook. The real value
of this and other pilot projects is in the demonstration of the
feasibility of dismantling and consideration should be given by
the CEC to how the progress and success of these projects can be
given wider publicity. '

The Panel recommends that :

1- It is appropriate for this major pilot decommissioning project
to be included in the next CEC programme;

2- A specific contract should be placed in the next programme (or
sooner if possible) to produce good public relations material to
publicise the progress achieved in the decommissioning of nuclear
plants with special reference to the achievements and plans of
the pilot projects.
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PILOT DISMANTLING PROJECTS CONTRACT FI2D-0002 - GUNDREMMINGEN

1. Objectives

The prototype of the boiling water reactor Gundremmingen A (KRB
- A BWR) has a capacity of 250 MW and was operated from 1966 till
1977, after an incident in 1977 the plant was not reoperated.

The decommissioning plan was decided upon in 1981 and was
approved in 1983. First, the dismantling of the systems in the
turbine building was subject to approval, in which were included
also the contaminated systems in the reactor building. In the
meantime, approval for dismantling the reactor vessel and
biological shield was granted, too. All dismantling and
decontamination activities are proposed to be finished by 2000.
The two preceding EC-Programmes covered four research and
development programmes in this field on KRB-A.

Focal points and objectives of the current programme have clearly
changed when compared with those of the first and second
programme. The first programme has often been considered as the
"laboratory phase" of a development process. The second phase
served the "field trial" and led especially in SECTION C to
demonstration projects for the boiling water reactor in
Gundremmingen, inter alia. Under the third programme (1989-1993)
in the first phase of the pilot dismantling of the KRB-A BWR, the
dismantling of contaminated components of the reactor building
and of activated vessel internals is to be carried out under real
conditions.

Phase 1 : Dismantling and cutting of the contaminated equipment
of the reactor building and of activated reactor vessel
internals;

Phase 2 : Development and application of different cutting
techniques for metal and concrete structures, development and use
of different processes for preconditioning of wastes.

The techniques and processes have been developed in cooperation
with the CEN/SCK Mol project on BR3 dismantling and the results
obtained within at project are considered within that project.
Both projects are coordinated with each other, the working times
overlapping.

It is important to implement the techniques, radiological
consequences and costs in each single case in order to have a
basis for use in future applications. In particular, it has been
required to absolutely continue the practical testing of new
techniques in the running third programme and to principally
extend them in order to have reliable results from these single
areas.
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2. Progress/Results

The dismantling techniques employed resulted from experiments of
former programmes, in particular of the second programme. The
ongoing project contains dismantling techniques to be used in the
following areas: a secondary steam generator, a primary
circulating pump, a primary cooler, a recirculating cooler, and
the vessel closure head.

These works involve large amounts of items but relatively low
activities.

Underwater dismantling techniques to be carried out on activated
or strongly contaminated reactor pressure vessel parts had to be
tested, i.e. dismantling of the steam dryer unit, dismantling of
the moisture separator.

The techniques subject to investigations were the result of
earlier work, which means that their choice was right. The
individual projects carried out on an industrial scale were
accompanied by several research projects which had been running
on-the-spot and had been connected with the project itself, or
had been carried out in another place.

A newly patented process, the so called "ice sawing" has been
introduced. The advantages are as follows: the dose rate is
reduced by at least a factor of 4, tubes and other internals are
fixed and allow vibration-free sawing, the saw blade is cooled
without adding other coolants, there is no release of aerosols.

In the meantime, the dismantling of the secondary steam generator
using this technique has been successfully completed. Underwater
cutting tests to dismantle the steam dryer have meanwhile been
successfully carried out.

Attention should be given to the development and qualification
of a process to condition metal waste (onion cast process).
According to the onion-skin principle a container was developed
to optimally fill the wusable volume and to use the highest
possible activity inventory.

3. Comments and recommendations

The objectives of the project comply with the appropriate
requirements of the EC-programme and have been strictly converted
into programme descriptions also according to the recommendations
of the Commission for Evaluation (Report N° 26e, p. 61 and
following). In the previous programme certain important but very
difficult areas of decommissioning, for instance the cutting of
thick-walled and high-level reactor components, had not yet been
sufficiently developed. An important objective of the project
is to gain specific results concerning the costs, working hours
and personnel dose as well as the amount of secondary wastes
generated. A sufficiently large number of measuring results,
analysis and their documentation will be available.
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The dismantling techniques, in particular the "ice sawing" of
heat exchangers have proved excellent.

There 1is a good cooperation and exchange of experience
particularly with the pilot project BR-3 and VAK.

The next step is the pressure vessel dismantling.
The panel recommends that :

1- The pressure vessel dismantling and other parts of the ongoing
project should be included in the next programme;

2- Besides some further technical development in the next
programme, logistical and organizational problems should be
included, in order to reduce time for "secondary work", i.e.
transportation, fixation, scaffold, freezing, installation of the
cutting equipment;

3- More priority should be given to the fact that this project
can demonstrate to the public (and to the politicians) that
decommissioning is technically and economically feasible with no
remarkable risks for workers and the environment.
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3. Differences and Complementarities

3.1. General considerations

The overall programme framework appeared to the panel to be well
fitted to the present European decommissioning problems.

The Programme has brought forward work which could not otherwise
have been wundertaken for many years, especially for major
demonstration projects.

The work has had an important scientific and technical impact
throughout the successive programmes. Each programme has followed
logically the preceding ones.

Basic research is not a primary concern of this programme. As far
as techniques are concerned, the overall Programme has certainly
helped to develop them in particular regarding

Decontamination

Cutting Techniques

Remote handling and viewing
Materials recycling

The panel understands that these developments are very important
to help decommissioning, but thinks that within the programme
development should be based on essential needs, and restricted
in time.

The programme has shown that technique developments and field
work must complement each other.

The pilot projects are large and costly. Those carried out
require conventional but heavy equipment of high quality, which
is essential to complete the projects. Because the results will
not be completed for five years or more, these demonstrations
should be given priority as they are essential.

The panel supports the increasing importance given to pilot
projects in the current programme.

At the moment there is an extensive body of knowledge.
Information has been obtained under different conditions by a
large number of scientists. Nevertheless, it is difficult to draw
practical and clear cut conclusions from these masses of data,
and the panel suggests that the bringing together of this
information would be an important contribution from the CEC. The
task could be contracted to appropriate experts.

The programme has been developed up to now without very much
specific reference to the other CEC nuclear programmes, which
including those on waste management and radiological protection.
As some aspects of the programme are linked with these, the CEC
should consider improving the situation.
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An important objective of the decommissioning programmes that has
not been reached is that of improving public understanding and
acceptance. However, this objective will be considered in more
detail below.

3.2. The relationship of the Programme to the European scenario

The programme mainly relates to medium- and long-term research
with possible commercial implications. In nuclear countries such
regsearch 1is important, or even essential, to the national
programmes; in others it is not part of the national R&D
programmes. The programme therefore speeds up the research and
the programme plays the part of a stimulator. It has thus been
possible, with this programme, to support work which otherwise
would not have been included in national programmes.

The programme provides a good basis for cooperation, and a
suitable framework for discussions between scientists working on
the same subject. The ideal case is when the scientists share the
work involved. The regular contract and other meetings organised
by CEC are particularly appreciated.

Cooperation is probably most effective in pilot project research
where a "lead" agency should always be identified. Research in
the field, will become increasingly dominant over conventional
laboratory research. One result might be an increase in the
current number of cooperation arrangements, involving more people
from different parts of the Community.

Until now no pilot project is available on a Soviet-designed VVER
reactor. This appears to be a limitation with regard to the
foreseen reactors to be decommissioned in the future and it is
necessary to fill this gap. The CEC should explore the
possibilities of setting up a joint project in Germany, but with
full cooperation of other Member States.

The most important spin-off of the programme may be the
collaboration that has been initiated. The panel considers,
therefore, that the Community programme has functioned as a forum
for contact and has improved the quality and effectiveness of
European research on decommissioning.

The programme certainly overlaps with some national programmes,
as do the national programmes with each other. Such overlapping
should be planned in order to compare and harmonize results. Care
must be taken to ensure that contracts do not include work
already carried out under the national programmes. Ideally, the
programme should lead the way to reference standards.

Organisations may be naturally hesitant about submitting research

projects that have early commercial implications. Thus technology
transfer is at minimum; only knowledge is freely transferred.
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The financial contribution of the Programme, while not great as
a percentage of the national programmes, does provide additional
support in the national research of the nuclear Member States,
either directly or indirectly, because any project supported by
the Community is more likely to be supported by the national
organization.

"Spin-off" in other areas should get higher priority. The use of
the development results on decontamination and dismantling is
considered to be of great importance. Expensive nuclear
technology obviously cannot be transferred out of the nuclear
field, but it may serve as a source of inspiration. Therefore
the DG XII should extend its coordinating role and invite other
Directorates and possibly other international organisations to
participate. This could have positive implications for national
programmes.

3.3. Complementarity with other national and international
programmes -

The programme has mnot led to any particular structural
cooperation between the Member States and other countries or
international organizations. Cooperation that takes place is
based on the common interests of the various Member States
concerned. All organizations around the world that have nuclear
programmes are already known to each other and work together
through established international agencies.

The panel supports the idea that outside information could be
brought into the Community more systematically by collaboration
with other countries, especially now that expensive demonstration
projects are becoming increasingly important and pressing. Of
special significance would be to extend the cooperation with the
OECD/NEA cooperative programme.

In extending cooperation, care must be taken to ensure that the
Community remains well represented in such international bodies.
But the programme, however, must remain directed as the Member
States wish.

4, Management efficiency

Presentations on the purpose, scope and programme management
arrangements were given by key Commission staff responsible for
the main programme areas and by the chairman of the CGCé. It was
clear that there is a good appreciation of the nature of the
contribution that the Commission could make and this was
reflected in the management of the programme.

The organisation and planning of the programme content is a

complex and time-consuming task. CGCé is the key advisory body
for the scientific aspect of the programme. The choice of the
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pilot projects is an example which must be decided very much in
advance. The whole procedure up to decision by Council takes one
to one and half years during which the management staff have many
tasks to undertake.

We consider that the call for proposals following the programme
decision is addressed to all relevant organisations in the Member
States interested in the field of decommissioning, and it reaches
them in due time to make proposals. We welcome dissemination of
information through such earlier calls. Furthermore this
programme is linked to the larger one, "Management and disposal
of radioactive wastes" which is well known in (and outside of)
the EC and provides additional publicity.

Contract selection is a major element of the programme
implementation.

For the shared cost contracts, the initial advice on selection
comes from experts from various member states who are appointed
by the national members of the CGC6, the Commission taking the
final decision. Normally such experts should not have been
involved in, or been close to, those seeking to participate in
the programme. Expert advice should not be influenced by any
concept of sharing budget but only by the highest standard of
scientific criteria. The problem of finding sufficient
independent experts is not easy for a narrow targeted programme
like the one under evaluation. Specialists from countries other
than EC members states could be used with benefit.

We consider that the experts have selected good quality
proposals. The CGCé then has an opportunity to endorse the
proposals, and advise the CEC to ensure broad participation and
equitable sharing of the money. Final decisions remain, however,
with the Commission.

The Panel are satisfied that objectivity and transparency prevail
in the shared cost contract selection procedure. This system must
be kept open, and the panel recommends the regular introduction
of new independent advisors outside the usual sphere of the EC
activities.

One third of the total proposals were selected for inclusion in
the Programme. We consider that these reflect the programme
objectives well and are the most appropriate. The few contracts
which are 100% funded have been directly chosen by the management
staff and endorsed by the CGCs.

The Panel considers that the efficiency of the programme could
be improved if some more flexibility was allowed for the
allocations of contracts. As we understand it, due to
administrative restrictions and the timing of the decommissioning
programme as compared to the framework programme, the majority
of the contracts (about 90%) must be given at the beginning of
the programme period, otherwise the allocation will be lost. This
leaves 1little possibility to adapt the programme to new
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developments and to results achieved in the early phase of the
programme. Also such flexibility could help to bridge the time
gaps that seem to appear in between successive five vyear
programmes.

As mentioned above the management staff had little choice of the
pilot projects since all were already planned or underway
following decisions of national organisations, but the CGCeé
representing all member states welcomed their inclusion.

This programme, as a whole is efficiently run by the management
staff who, as well as selecting the contracts as described above,
are responsible for

- negotiation of contracts - assembling contracts together in
working groups - the follow-up - exploitation of scientific
information - introducing the international dimension when
necessary

Management staff are always accessible to assist in resolving
specific contractor’s problems. The staff shows the technical
skill which is essential to manage such complex projects and
tasks. The main achievement of the management staff is

- organisation of biannual meetings of the working groups. These
are very well received because information is thereby released
quicker than by waiting for publication of reports. However we
question if it would be advisable to have such meetings less
frequently and a fewer number of participants. We do not consider
that this would be detrimental to the quality of the work;

- publication of the final reports, proceedings of workshops and
the conference at the end of the 5-year programme.

We_suggest the following be considered as additional tasks:

- providing digests of the regular detailed information for
inclusion in the publication "EC Focus on Radioactive Wastes",
for instance;

- providing brief summaries in relatively simple terms for the
general public; -

- providing a general summary report of the results obtained
during the three successive Decommissioning Programmes for wide
distribution among the nuclear community.

We regard it as essential that means are established to ensure
continuity between successive contracts given to the same team,
specially in cases involving member states with only limited
nuclear programmes. The time period from the call for proposals
through to contract signature has been reduced significantly but
in some cases it still remains too long, leading to contractors’
frustration and undesirable delays to crucial studies.
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Finally, some delays in demonstration projects are likely to
result from problems in licensing or programmes changes. This
could prejudice the project and/or could increase project costs.
Management staff must be aware of situations where this could
arise and avoid them as much as possible.

5. Conclusgions

An important amount of experimentation is being devoted to the
problem of decommissioning on a supranational level.

The report of the preceding CEC evaluation panel examining
decommissioning, was published in 1986, and at that time some
conclusions were made regarding the programme,

The panel considered that the following points are still valid:

- "the EC decommissioning programmes are well structured
and address many important questions relating to the
feasibility and safety of decommissioning;

- the adopted mode of implementation, by means of cost-
shared contracts, 1is appropriate for the type of work
required in the field of decommissioning, a large part of
which concerns industrial know-how development;

- the competence of the chosen contractors and,
accordingly, the quality of the research work have met high
standards. Contractors largely reached the objectives
agreed upon;

- the current programme led to a number of outstanding
achievements to decommissioning economy and safety;

- the intensive exchange of detailed technical information
between people working in the same area, that is organised
through half-yearly reports and meetings, has fertilised
the individual efforts and has made it possible to
integrate research, thereby avoiding unnecessary
duplication of work;

- programme management practices have reached high
standards. Scientific and operational management in
particular has been highly valued by the contractors;

- being aimed at the generic technical capabilities which
will be needed in the future to decommission the large
commercial nuclear installations, the EC programme usefully
complements development activities performed at national
level, which are to a large extent focused on specific
problems encountered in present-day decommissioning of
smaller installations. Moreover, the EC programme has the
potential of catalysing a consensus on a Community policy
in this field and of stimulating the setting up of a
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regulatory framework within which industrial activities can
develop. Finally, the cooperation at research level of
industrial participants from different Member States may
stimulate the <coming into being of an efficient
decommissioning industry operating on a Community-wide
market".

The major findings produced by the Commission at the mid-term
review of the on-going programme were considered by Management
and Coordination Committee (CGCé6) who stated their Opinion as
follows:

- "the Committee stresses the importance of producting
representative data on costs, operational exposure and waste
arisings as well as of recording the specific difficulties
encountered in decommissioning operations.

It recommends that the Commission maintains a special effort on
these issues". The Panel agrees with this particular opinion of
CGCe6.

The coordinating role of the Commission has now achieved a very
high level of acceptance, both at government, expert and working
scientists level. Whilst some aspects of the work that are close
to exploitation often are commercially confidential, nothing but
good can come of interactions between scientists. The scientists
themselves clearly see benefits of meetings held by the
Commission to discuss progress of the work as well as the
large-scale conferences.

The Panel considers that, in general, the balance of the
programme was about right.

It considers that:

- it is highly desirable to support the existing pilot projects
and perhaps to include further projects whilst recognising that
such large-scale facilities are necessarily expensive. To have
devoted about two thirds of the budget for this purpose seems
about right for the present programme but the proportion will
need to be substantially increased for future programmes.

- in organizing a programme spread over 81 contracts, it is
evident that the results on related and analogous subjects, ought
to be linked together, if they are to be optimally exploited.
Utilisation of results should result in workable guidelines;

- from the individual research reports, one can conclude that
safety of operation may be realised by several different
technical means. Nevertheless detailed study of the research
reports is still necessary and coordination needs to be set up
in order to help to fix the details, procedures and materials for
a particular scenario. This would help each Member State in the
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development of its own programme.

The panel considered the problem of public information on
decommissioning.

However, what the research programme could and should do is to
make available clear and simply written status reports so that
public information is based on the best available technical
understanding. If an external consultant were requested to make
these reports, he would need the ability to convert scientific
language into simple but clear language.
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VI . RECOMMENDATIONS

Set out below in Section 1 are the Panel’s General
Recommendations. In addition, Specific Recommendations from
earlier chapters are repeated in Section 2.

l. GENERAL RECOMMENDATIONS

1. The programme has a good structure for cooperation and
information exchange amongst the participating contractors.
However, some improvements could be made, mainly on the
dissemination of information. The Panel feels that there is a
particular need for making as much clear information as possible
available to the public and to the politicians so that
decommissioning activities are seen to be feasible and well
developed. In this regard, we recommend that consideration be
given to placing a separate contract with a specialist in the
publicity field.

2. Cooperation with international bodies especially OECD/NEA
should be strengthened to obtain further international consensus
on the main problems. This would also enable increased
collaboration in setting standards and coordinating objectives.

3. Although decommissioning is a wide-ranging activity with many
technical, radiological and financial aspects, it is felt that
the main areas of concern are waste management and costs. The
strategic issues ought to be further assessed. Therefore careful
cost-benefit and radiological protection studies must be
encouraged so that the Programme will be in a position to adopt
optimised long and short term strategies. Costs are heavily
dependant on the requirements for radiological protection and
waste management and should not be viewed in isolation.

4. Although the commercial application of decommissioning to
power reactors is still some time in the future, it is important
to demonstrate the feasibility and develop the techniques now.
Furthermore, there is a significant requirement to decommission
a wide range of non-reactor nuclear plants (from Uranium mines
to reprocessing and other facilities) on a shorter timescale. The
future programme must take these factors into account and include
not only reactor plant but other parts of the overall fuel cycle.

5. Much of the basic R&D for decommissioning has now been
completed and developments are moving into the phase of
industrialisation. Therefore the next R&D programme should place
further emphasis on Development. In particular, demonstration
pilot-projects should be the major focus of the future programme
because:

- they highlight the key practical problems of decommissioning
and test possible solutions,

- they stimulate industry,

93



- they also provide a focus for directly linking or coordinating
specialised R&D projects,

- they also provide an opportunity for multi-partnership and even
wider international participation.

In line with this the Panel recommends that the objectives of the
Programme should be reconsidered and the future Programme
restructured accordingly. )

6. Organisations submitting R&D projects should whenever possible
demonstrate a relationship and probably a direct linking with
pilot-projects or any real-world decommissioning operation.
Conversely, other projects that have a stronger
system-engineering character should be encouraged to merge with
relevant pilot projects which provide the basis for benchmark
evaluation.

7. The public relations importance of the demonstration of the
feasibility of dismantling facilities in several countries must
be recognised. In this regard the achievement of the
pilot-projects should be promoted in a way which allows
politicians and the public to appreciate their significance.

8. Decommissioning is closely linked with radiological protection
and radioactive waste management and the Panel considers that a
close cooperation between the research programmes for these areas
is important. The Panel also considers that certain advantages
could be reached by merging the decommissioning programme with
the radiocactive waste programme. By doing that it will be ensured
that the waste management aspects are fully considered in
decommissioning. Also a merging could improve the Programme
management efficiency by making more flexible use of the staff
to manage the new combined programme.

The Panel therefore recommends that the Commission gives
consideration to the merging of the Radiocactive Waste and
Decommissioning Programmes and to how closer links rwith the
Radiological Protection programme in DG X1 could be developed.

9. The Panel also recommends that urgent consideration be given
to setting standards such that very low level active materials
which present negligible radiological risks may be recycled or
disposed of without further controls. Harmonisation of standards
for the free release of materials at Community level is needed
urgently. Standards are also required for the release of nuclear
sites from control after decommissioning.

10. The possible spin-off values of many of the techniques in
decommissioning into non-nuclear areas should be emphasised. This
programme includes the development and demonstration of various
techniques that could be applied within or outside the nuclear
industry (eg, cutting, viewing, remote operating techniques). It
is not clear to the Panel that a mechanism exists to enable the
necessary dissemination of this information. It is recommended
that consideration be given by the Commission to this.
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11. The Panel recommends that the commission explore setting up
a joint project on decommissioning a Soviet designed VVER reactor
in Germany with full cooperation from other Member States and
East European countries.

12. The technical management of this, and other programmes
requires a staff of permanent and qualified people to be
maintained throughout the programme. This enables the best added
value to be obtained from the individual projects and the
programme as a whole and the best input to be made in the
formulation of programmes. The Panel considers that there may be
a shortfall in the resources of the management for this programme
and recommends that urgent attention is given to this potential
problem by the Commission.

13. The Panel recommends that advisors from outside the usual

sphere of EC Action be commissioned to assist in the evaluation
of proposals.
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2. SUMMARY OF MAIN SPECIFIC RECOMMENDATIONS
The Panel recommends the following:
AREA 1

The programme should be reviewed by the Commission and proposals
made on how any gaps can be filled.

To obtain data for the comparison of the performance of
containment methods for a range of buildings at nuclear
installations (e.g. performance of roofing materials, cladding,
prevention of deterioration by weathering).

This area of R&D must be addressed in more detail in the next
programme but consideration should be given to seeking proposals
for some work in advance of that.

AREA 2

To bring to industrial or semi-industrial demonstration the use
of fog and foams for decontamination of large volume metallic
items which has been successful at laboratory scale.

To extend the work on decontamination of concrete. It requires
greater effort not only because of the complexity of this
material (including the reinforced variety) but also because it
is normally only carried out at the end phase of a dismantling
project.

AREA 3

To take care that further contracts will cover the selection of
tools adapted to the various special situations to be met in the
dismantling of the various current and future facilities. It is
essential to test such tools in the pilot projects.

To pay close attention to contracts which will deal with the
evaluation of the costs of the dismantling methods.

To contribute, in the immediate future, to the continuation of
research and development on innovative techniques to -make
dismantling easier and to improve the cutting tools currently
available.

AREA 5

To improve the acquisition, selection, adaptation and assessment
of advanced remote-controlled systems, as they are progressing
and proved in other R&D fields and ensure integration into
systems and the demonstration into real world decommissioning
cases.
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To give more emphasis to real applications, which provide several
advantages for adequate technology assessment, industrialisation
and information dissemination.

The future projects in this field must build on already
accumulated experience in the nuclear and other field and it is
imperative to connect to other R&D programmes, at the national
or Community level.

AREA 6

The studies of free or restricted release should be closely
coordinated with other work within the Community to establish
release limits, especially the work of DG XI. It should be
clarified who plays the lead role in providing background data
for establishing release limits.

Cost studies for a Member Country other than Germany should be
performed for comparison with the German study.

The work on data collection should be given further attention.

The strategic issues should be given more emphasis in the next
programme.

SECTION B

The strategic issues, e.g. study of early and deferred
dismantling, and full dismantling against only partial release
of a site should be given a higher priority in the coming
programme.

An evaluation should be made of decommissioning requirements in
the Community for different installations (e.g. CGR, PWR, BWR,
VVER, HWR, FR, fuel plants, etc.) against the state of the art
techniques in the Handbook. This should be aimed at providing
Guidelines and identifying any gaps and could point out the needs
for future developments. Also the strategic issues should be
reflected, e.g. as model decommissioning strategies for all of
the types of nuclear installations.

SECTION C
WINDSCALE

It is appropriate for this major pilot decommissioning project
to be included in the next CEC programme.
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A specific contract should be placed in the next programme to
produce good public relations material to publicise the progress
achieved in the decommissioning of nuclear plants with special
reference to the achievements and plans of the pilot projects.

GUNDREMMINGEN

The pressure vessel dismantling and other parts of the ongoing
project should be included in the next programme.

Besides some further technical development in the next programme
also logistical and organisational problems should be included,
in order to reduce time for |‘'"secondary work", i.e.,
transportation, fixation, support structures, freezing and
installation of the cutting equipment=

More priority should be given to the fact that this project can
demonstrate to the public and to politicians that decommissioning
is technically and economically feasible with no remarkable risks
for workers or the environment.
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APPENDIX 1

TERMS OF REFERENCE

The present contract provides for the evaluation of the
DECOMMISSIONING programme (1989-93) in accordance with Art. 5 of
the Council decision creating the programme'. The evaluation
will be carried out by a panel of external independent experts
appointed by the Commission, with the following terms of
reference:

1. The Panel is composed of persons who are appointed by the
Director General, DG XII, as individuals and not as
representatives of particular organizations or countries. Their
views in no way commit their employing organizations.

2. With a view on the bas1c principles stlpulated in the Council
Decision concerning the II Framework Programme and according to
the plan of action relatlng to the evaluation of Community R&D
activities®, the Panel is to assess the following:

- the quality and practical relevance of the results including
commercial development and exploitation, and possible spin-offs;.

- the scientific and technical achievements;

- the programme’s contribution to the social and economic
development of the Community;

- the benefits resulting from the implementation of the programme
at the Community level (Community added value);

- the management of the programme.

3. In dealing with the\evaluatlon, the Panel will take 1nto
account the following guidances given in the Council Decision*:

EVALUATION CRITERTA

"... The follownng' crlterla are to be considered in the
evaluation:

- the extent to which. research propbsals were selected against
relevant criteria;.

! _oTn' L 98 / 11.4.89 - pp. 33 & sq.

2. of. Art. 2/2 and BAnnex III.in the Decision of 28 Sept. 1987 -
87/516 /Euratom/EEC (OJ L-302 24/10/87 pp 1 & s8q.)

3 o7 c. 14 / 20.1.87 endorsed by the Council Dec. 9 1986 (oJ C.2 /
6.1.1987). . ' ’ .

4 Annex IIT of the Council Decision; 0T n' L 98 / 11.04.89 - p. 36.
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- the extent to which substantial development of knowledge,
techniques and equipments has resulted from the work supported;

- the potential relevance of the results with regard to
industrial decommissioning operations; :

- the potential relevance of the results with regard to safety
and protection aspects of decommissioning and in particular to
occupational radiation exposure of decommissioning workers;

- the potential relevance of the results with regard to the
reliability of estimates for decommissioning costs;

- the extent to which information exchange and cooperation across
the borders of Members States have been promoted.”

4. The Panel shall prepare a draft report in English by the
beginning of 1993 and a final report designed for publication 1n
June 1993. This final report will contain the following: -

- a short introduction including a summary of the procedures
followeéd by the panel and its membership (with a brief C.V. of
the evaluators)

- an executive summary (which the Commission will translate into
all community languages)

- the main report which should be concise and concentrate on the
main findings and recommendations with short comments added

- any annexes that the Panel considered as a useful complement
for a better understanding of its conclusions and
recommendations.

The Panel may also prepare a confidential annex for the Director
General of DG XII if it feels that .it is desirable and necessary.

5. Subject to the prior approval of the Commission, the Panel
members may travel within the Community to interview persons
about the programmes and to seek work in progress.
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LIST OF CONTRACTS
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Contract progress as of 01/02/93 _

EC i | " CONTRACT PREPARATION "
nding: - 1 P S
seu) ' | - Drafted” | sent/sigd.- | signed::
FI2D-0048 Taywood Engineering Ltd.,Southall - SSP, 198 22.01.91 10.06.91 08.08.91
04.91-06.93 | Bochum - NNC, Knutsford - Examination and long-
term assessment of nuclear power structures 50 %
F2D-0016 ENEL, CRTN,Milano - On-line decontamination of | -~ 120 18.05.90 10.07.90 24.08.90
07.90-06.93 complex components for unrestricted release, using
ultrasonics in a flowing chemical agent 43 %
FI2D-0020 Kraftanlagen AG, Heidelberg - Further 70 30.05.90 20.07.90 09.08.90
07.90-06.92 | development of an easy-to-process electrolyte for
electrochémical decontamination of stainless steel 50 %
FI2D-0024 ENEA-CRE, Casaccia - Microwave system for 160 11.06.90 25.10.90 31.01.91
01.91-12.93 removal of concrete surface layers N
4 %
FI2D-0035 CEA, Cadarache - AEA, Winfrith - 300 27.07.90 20.09.90 13.11.90
10.90-03.93 Decontamination of large steel components with
foaming chemical agents 50 %
FI2D-0043 ENEA-CRE, Saluggia - Decontamination of a 88 12.09.90 25.10.90 31.01.91
01.91-06.93 | EUREX evaporator using a chemical agent
dispersed as fog 50 %
FI2D-0054 Battelle, Frankfurt - Decontamination technique 70 23.07.91 06.09.91 14.10.91
09.91-03.93 | using a chemical agent dispersed as fog
50 %
FI2D-0007 | TOV Bavern, Miinchen - Effectiveness and long- 66 30.04.90 | 20.07.90 | 02.08.90
10.90-06.93 term behaviour of cleanable high-efficiency aerosol
filters » 50 %
F2D-0009 Univ.Hannover - CEA, Saclay - Abrasive water jet 190 02.05.90 03.07.90 30.07.90
07.90-12.92 | cutting: adaptation to remote-control underwater
operation; collection and processing of by-product 50 %
from the stage of laboratory to real application
FI2D-0010 Oto Melara SpA, La Spezia - 132 02.05.90 25.10.90 10.12.90
07.90-06.93 Steel cutting using linear- shaped explosive charges
50 %
FR2D-0013 CEA, Valrhé - CEA, Saclay - Evaluation of steel 57 14.05.90 13.07.90 21.08.90
10.90-12.92 | cutting techniques: consumable electrode, plasma
: arc, arc saw, grinding disk, alternating saw 50 % .
= —————— |
FI2D-0019 CEA, Cadarache - Univ.Hannover - RWTH, 480 30.04.90 19.07.90 13.09.90
07.90-12.93 Aachen - CEA, Saclay - Improving underwater 50 %
thermal cutting techniques and associated remote-
control systems.
lagree! Improving "contact ARC Metal Cutting, CAMC" 60 23.11.92 27.11.92 08.01.93
01.93-03.93 50 %
FI2D-0026 AEA, Windscale - Development of a plasma arc 213 11.06.90 20.08.90 27.09.90
07.90-06.93 | torch and control/ monitoring technique for the
internal cutting -of small bore pipework 50 %
F2D-0027 Diamond Service, Caorso - Diamond-armed cables 45 13.06.90 02.10.90 24.10.90
09.90-07.92 | for cutting reinforced concrete with a minimum of
water 50 %
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F2D-0028 AEA, Culham - DILR, Stuttgart - Experimental 210 13.06.90 23.08.90 27.09.90
09.90-11.92 assessment of carbon monoxide laser asa improved

dismantling tool 50 %
F2D-0036 CEA, Valrhd - Comex, Marseille - S.A. EPC, 360 31.07.90 25.09.90 19.11.90
09.90-12.93 St.Martin de Crau - Cutting of CO, primary circuit

pipes of the G2-G3 reactors using explosive charges 50 %
FI2D-0047 CEA, Saclay - Radius, Gent - Underwater laser 108 06.11.90 13.12.90 31.01.91
01.91-12.92 cutting of metal structures

. 50 %
F2D-0049 AEA, Culham - GAP, Loughboroigh - ARC, Daventry 89 21.01.91 06.06.91 11.07.91
04.91-03.93 - Optimization of plasma torch electrode design for :

nuclear dismantling tasks 50 %
F2D-0014 Siempelk.,Krefeld - NIS, Hanau - Behaviour and 237 11.05.90 20.07.90 17.08.90
07.90-05.93 removal of tritium in the industrial-scale melting of h

steel from nuclear installations 4% 3
FI2D-0015 KEMA, Arnhem - Taylor Woodrow, Southall - 37 14.05.90 19.07.90 27.09.90
07.90-12.93 Development of a process for separating radioactive

constituents of concrete, including active pilot-scale 50 %

testing
F2D-0017 ) CIEMAT, Madrid - Univ. de Alicante - 354 18.05.90 21.08.90 27.09.90
07.90-12.93 Conditioning of graphite from nuclear reactors to ’

remove or immobilise the radionuclides 34 %
FI2D-0021 Bureau A+, Roermond - Recycling of 75 01.06.90 30.08.90 20.09.90
09.90-06.92 activated/contaminated metal as aggregate .

replacement of concrete in new nuclear instal. 49 %
F2D-0037 Siemens,Erlangen - Siempelk., Krefeld - Recycling 241 02.08.90 18.10.90 19.11.90
12.90-11.93 of contaminated aluminium and copper scrap by

melting 50 % -
F2D-0006 ENEA-CRE, Trisaia - Robotic system to dismantle 150 30.04.90 12,07.90 31.01.91
10.90-09.93 the process cells of the EUREX reprocessing plant

48 %

FI2D-0008 ANSALDO, Genova - Siempelk., Krefeld - Design, 300 30.04.90 20.08.90 17.08.90
07.90-03.93 construction and testing of manipulator used during

melting of radioactive metal 40 %
F2D-0012 AEA, Harwell - SCK/CEN, Mol - Development 460 14.05.90 20.08.90 04.03.91
07.90-12.93 and active demonstration of a telerobotic

monitoring, decontamination and size-reduction 50 %

. system (TMDSRS)
FI2D-0025 . AEA, Windscale - Adaptation and testing of a 180 11.06.90 03.09.90 27.09.90
07.90-06.93 remotely-controlled underwater vehicle for

decommissioning of the Windscale piles 2%
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FI2D-0032
10.90-12.92

KfK, Karlsruhe - KAH, Heidelberg - AEA,
Harwell- BAI, Vilvoorde - Testing of a long-range
teleoperated handling equipment (microwave
generator, chisel, core drill,...)

250

48 %

26.06.90

03.09.90

10.10.90

FI2D-0041
10.90-01.93

CEA, Fontenay - Framatome, Paris - TNO, Delft -
Underwater qualification of the RD 500 manipulator

450

22.08.90

18.10.90

27.12.90

vision field
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F2D-0030 AEA SRD, Culcheth - NRPB, Chilton - 134 26.06.90 23.08.90 15.10.90
10.90-03.93 Methodology to evaluate radiological risks in
decommissioning operations of nuclear plants 49 %
FI2D-0031 CEA, Fontenay - Brenk, Aachen - Siemens, 280 25.06.90 25.07.90 10.10.90
09.90-02.93 Erlangen - Determination of doses resulting from
' the reuse of very low-level radioactive steel 50 %
FI2D-0033 TUV Baden - FHGF-MNI, Mannheim - Quick 73 06.07.90 | 10.09.90 | 19.12.90
09.90-12.93 measuring methods for radionuclides in materials :
and wastes during decommissioning 50 %
FI2D-0039 TUV Bayern, Miinchen - Radiological aspects of . 157 07.08.90 | 16.11.90 | 04.04.91
11.90-12.93 recycling concrete debris from dismantling of :
nuclear installations 50 %
FI2D-0040 CEA-IPSN, Fontenay-aux-Roses - Definition of 65 21.08.90 24.10.90 21.02.91
10.90-09.92 reference exemption levels for concrete from
dismantled nuclear installations 50 %
F2D-0042 AEA, Harwell - Characterization and determi- 147 11.09.90 12.12.90 27.12.90
01.91-03.93 nation of radioactive waste from decommi-ssioning
including statistical assessment and QA procedures 50 %
F2D-0044 CEA, Valrhé - Radiacontréle, Grenoble - | 187 17.09.90 08.10.90 22.11.90
10.90-06.94 Determination of the activity of core structures of
the G2-G3 reactor i 50 %
FI2D-0051 NIS, Hanau - Decommissioning cost for nuclear 50° 31.05.91 23.07.91 22.08.91
07.91-12.91 ° | installations - .
100 %
FI2D-0055 CEA, Valrhd - CEA, Saclay - Development of a 150 20.08.91 11.11.91 20.12.91
10.91-05.93 prototype apparatus visualising on a screen the .
gamma sources superimposed on the image of the 50 %




12.91-01.93

FI2D-0056
FI2D-0057

FI2D-0058

10.91-06.94

FI2D-0061

10.91-06.94

40 11.11.91 03.01.92 19.02.92
26 11.11.91 03.01.92 | 11.02.92
26 11.11.91 03.01.92 | 22.01.92
26 11.11.91 23.12.91 19.02.92
26 11.11.91 03.01.92 | 22.01.92
- AEA 78 14.11.91 03.01.92 | 17.03.92
- GNS 26 14.11.91 23.12.91 | 28.02.92
- ONDRAF/NIRAS 26 20.11.91 03.01.92 | 04.02.92
- EW. Bach 26 20.11.91 03.01.92 | 27.01.92
Preparation of a decommissioning handbook
- Universitit Hannover 55 20.09.91 14.11.91 10.12.91
= CEA, Valrh6 25 20.09.91 18.10.91 | 08.01.92
- AEA, Windscale 25 20.09.91 17.11.91 | 26.11.91
Further development of a data base on cutting tools 100 %
and associated filtration systems for dismantling
- NIS, Hanau 100 20.09.91 28.10.91 | 26.11.91
- CEA, Valrh6 40 20.09.91 28.10.91 | 07.01.92
- BNF, Sellafield 40 20.09.91 28.1091 | 04.12.91
Collection and treatment of data on costs and 100 %
radiation exposure generated in dismantling work
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FI2D-0082

for the pre-conditioning of metalhc dismantling
waste
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23.11.92 01.12.92 | 21.01.93
12.92-02.94
FI2D-0045 ENEA, Casaccia - Secondment of 2 engineers to 60 27.09.90 30.11.90 | 25.01.91
01.91-12.91 dismantling of reprocessing plant AT-1, La Hague
®. . : 50 %
FI2D-0053 ANSALDO - Secondment of an engineer to Pilot 84 03.07.91 19.09.91 | 23.10.91
10.91-09.92 Dismantling of KRB-A Boiling Water Reactor at
Gundremmingen (D). 50 %
FI2D-0070 . | LAINSA - Secondment of an engineer to Pilot 58 22.10.91 13.11.91 | 08.01.92
09.92-12.93 Dismantling Project BR-3 at Mol (B)
50 %
£LU
FI2D-0001 AEA, Windscale - Pilot dismantling of the
Windscale Advanced Gas-cooled Reactor. :
10.89-09.92 Phase 1: dismantling of top bio-shield, refuelling 2194 .05.07.89 18.09.89 | 05.10.89
standpipes, vessel top dome; trials of Remote - -
Dismantling System;
04.91-12.93. Phase 2: dismantling of a WAGR heat exchanger 1896 03.07.91 15.10.91 19.11.91
) and of the hot box, remote packaging of .
intermediate level waste. 50 %
FI2D-0002 KGB, Gundremmingen - Assessment of 80 05.07.89 18.09.89 | 03.10.89
10.89-09.90 underwater remote operation and segmenting :
techniques for reactor vessel internals 50 % ‘
FI2D-0003 CEN/SCK, Mol - Siemens, Erlangen - Framatome,
Paris - Pilot dismantling of the BR-3 Pressurized
Water Reactor. .o
10.89-09.91 Phase 1: decontamination of primary circuit; 2181 05.07.89 19.09.89 | 05.10.89
realisation of cutting equipment; segmentation of
first reactor internals;
07.91-07.94 Phase 2: disassembling and segmentmg of main 1789 03.07.91 15.10.91 10.12.91
reactor internals (lower & upper core support )
assembly, reactor collar). 50 %
FI2D-0004 CEA, La Hague - Pilot dismantling of the AT-1
reprocessing facility.
10.89-09.92 Phase 1: dismantling of dissolution and extraction 2918 05.07.89° | 19.09.89 | 09.11.89
systems and fission product storage tanks;
Phase 2: remote dismantling of a reinforced
01.91-12.93 concrete wall, semi-automatic deconmmmatlon of 550 03.07.91 09.10.91 19.11.91
concrete walls and floors.
50 % ’
FI2D-0005 KGB, Gundremmingen - Pilot dismantling of the
o KRB-A Boiling Water Reactor. -
05.90-01.93 Phase 1: dismantling and segmentation of 2050 29.03.90 11.06.90 | 05.07.90
contaminated equipment of the reactor bulldmg and :
activated internals of the reactor vessel;.
07.91-12.93 Phase 2: development & application of different 2025 03.07.91 15.10.91 19.11.91
T ) cutting tools for metal and concrete structures,
development & application of different procedures 50 %




FI2D-0011 Riss National Lab.,Roskilde - Decontamination 400 11.05.90 20.07.90 | 02.10.90
07.90-12.93 and dismantling of the Rise Hot Cell Facility 4 c
. 13%

FI2D-0018 CEA, Valrhd - Final ciean—up of the PIVER 200 18.05.90 04.07.90 | 27.07.90
07.90-06.91 prototype vitrification facility: decontamination of .

the hot cell ' 50 %
FI2D-0022 CEA, Cadarache - Transformation of sodium from 400 08.06.90 20.07.90 | 06.09.90
07.90-06.93 the RAPSODIE Fast Breeder Reactor into caustic :

soda 50 % N
F2D-0023 CIEMAT, Madrid - ENRESA, Madrid - 603 08.06.90 27.09.90 | 13.11.90
07.90-06.94 Univ.Hannover - ENSA, Madrid - LAINSA ’

Madrid Decommiss. of the JEN-1 experimental 183 %

reactor (Phase 1) ’ .
FI2D-0029 VAK, Kabhl - Testing of segmenting and remote 300 ~21.06.90 27.09.90 10.10.90
07.90-12.93 dismantling techniques on the pressure vessel and

internals of the VAK experimental BWR 50 %
FR2D-0034 CEA, Valrhd - Melting of 700 t of ferritic steel — 500 19.07.90 17.09.90 ] 05.11.90
09.90-06.94 pipes from G2-G3 reactor dismantling in a 15 t arc

furnace 50 %
FI2D-0046 Battelle, Frankf. - Noell, Wiirzburg - Siemens, 300 22.10.90 07.01.91 | 28.02.91
11.90-10.93 Erlangen - Demonstration of explosive dismantling :

: techniques on KKN Niederaichbach biological shield*| 50 % , .
FI2D-0050 BNF plc, Sellafield - Decommissioning of B205 400 07.03.91 29.04.91 10.07.91
05.91-10.93 fuel reprocessing pilot plant - .

. - 50 %

FI2D-0052 Taywood Engin., Southall - AEA, Winfrith - 300 03.06.91 24.09.91 19.11.91
10.91-09.93 - | Large-scale demonstration of dismantling techniques N -

on the LIDO biological shield
FI2D-0062 CIEMAT, Madrid - ENRESA, Madrid - LAINSA 300 © 07.10.91 28.11.91 08.01.92
11.91-06.94 Madrid - Uni. Hannover/IW - Decommissioning of .

the JEN-1 experimental reactor (Phase 2) 40 %
FI2D-0063 NIS, Hanau - EWN/KKW. Rheinsberg - Further 67 08.10.91 07.11.91 12.02.92
11.91-12.93 development and operation of an automatic large-

scale activity measurement facility for low-level 49 %

decommissioning waste
FI2D-0064 CEA, Valrhd - Development of an automatic gel +170 08.10.91 04.12.91 08.01.92
12.91-06.94 projection device and its application to G2/G3 -

reactor pipes 50 %
FI2D-0065 CEA, Valrhé - Facility for the large-scale : 180 08.10.91 04.12.91 | 08.01.92
12.91-06.94 decontamination of alpha-bearing waste from the ]

"RM2" plant development and application 50 %
FI2D-0066 Ansaldo, Genova - Siempelkamp, Krefeld - Design, 308 08.10.91 04.12.91 1 20.01.92
11.91-12.93 construction and testing of a robotic system (TRR) .

: for the removal of steam generator tubes at Latina 50 %

FI2D-0067 Siemens KWU, Erlangen - EWN/KKW, 350 .18.10.91 14.11.91 12.02.92
12.91-12.93 Rheinsberg - Assessment of decontamination .
procedures for WWER-PWRs with a view to 50 %
minimize the generation of waste
F2D-0068 AEA, Harwell - BNF plc, Sellafield - Design & 300 18.10.91 19.11.91 | 08.01.92
11.91-12.93 manufacturing of teleoperated deployment system
based on the "NEATER" robot & removal of 50 %

internal equipment from DIDO reactor HAHC.

v
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FI2D-0069
01.92-12.93 -

Framatome, Chéilon s/S. - EdF, St.Denis - CPN de
Dampierre - In-situ decontamination of the tube
bundle from a PWR steam generator and subsequent
waste treatment ’

50 % .

22.10.91

14.11.91

17.12.91

FI2D-0071
12.91-12.93

BNF plc, Sellafield - Decommissioning of the dry
granulation plant using machine assistance

300

50 %

30.10.91

14.11.91

06.12.91

FI2D-0072
01.92-12.93

Comex Nucléaire, Marseille - Cogema, La Hague -
Diamant Boart, Bruxelles - Remotely operated

underwater dismantling by plasma arc and cable saw
of a structure in a COGEMA storage pond

300

50 %
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APPENDIX 3

MARKET ANALYSIS: SUMMARY OF THE INQUIRY ON DECOMMISSIONINSG OF NUCLEAR
INSTALLATIONS

General data on Decommissioning activities and associated R&D in the EC

In order to place the Communities R&D Programme in the context of the national efforts for the
decommissioning of nuclear plants, the CEC programme management conducted an enquiry among
the national delegates-and experts of the competent advisory management committee CGC-6.

" Although replies were only received from the five Member States with relatively important. nuclear
activities, it can be assumed that the resulting data represent more than 90 % of the current industrial
and R&D actions in the field of nuclear decommissioning in the Community. -

Table A lists the number of nuclear installations concerned; Table B the past, present and future
expenditure for decommissioning and Table C the sources of funds to cover these expenses.

The data compiled in thé tables are not entirely consistent as the basis of national statistics and
accounting are not uniform. Some of the main differences in the financial data (Table B) are: .

-The total expenditure 1993-2000 quoted for Germany is the estimated total cost for decommissioning
all currently existing facilities at the end of their useful lives, which could therefore cover the period
up to and beyond 2020. The 1992 total spending on decommissioning could not be entered as the
various NPP operations had not provided data. ‘

-The French estimate, in the same line, 125 Million ECU for 1993-2000, only conéern the actual’
dismantling of CEA facilities. Earlier sources quoted about 280 MECU, but these were reviewed
after recent budget cuts. Decommissioning costs incurred by EdF could not be determined.

-The categories of actions and costs included in the data vary considerably with national accounting
practice. In some cases the intermediate storage, reprocessing and disposal of fuel are part of
decommissioning costs, in others not.

Not withStanding these inconsistencies the tables show:

-that a significant number of nuclear facilities in the Community are either being decommissioned at
present or are scheduled to start decommissioning between now and 2000;

-that R&D expenditure in the member states until 1992 amounted to about 7.5 % of the total expenses
and that the EC share - some 37 MECU spent between 1979 and 1992 on decommissioning R&D or

42 % of the total R&D cost in the Community - constitutes a very important financial support to
national research in this field. '
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- Table A: Statistical Data

1) existing 7 39 36 | 740 62 75 22 107 10 gy

2) closed down but not yet in
process of decommissioning 0 5 8 13 - 3 - 4 1 -

3) being decommissioned currently -
(incl. safe enclosure) 0 5 7 15 6 5 5 26 - 5

4) completely dismantled 0 2 0 12 0 11 - 19’ - -
5) scheduled or likely to be .
closed down between 1993 and 0. 11 0 2 1 7 8 19 - -
2000

Table B: Financial Data

1) Total expenditure until end 1992 200 | 5.35 553 167 150 | 33.0| 414 31.0 | 34.7 | 1.86
/

2) 1992 expenditure 87 | 2.2 ? 2.0 27 3.7 136 10.0 12.6 1.1

3) Anticipated expenses 1993-2000 87.5 | 18.0 | 22107 ? 1259 | 18.0 | 1741 | 82.0 | 73.9 4.3

1) including uranium mining & milling facilities
2) preliminary and partial data

3) Forecast total expenses 1992 - beyond 2000
4) Dismantling action of CEA facilities only
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Table C

% of total expenditure until 1992 (Bli) 76 13 ; 1 ;
% of 1992 expenditure (B2i) 82 12 . 6 -
- Anticipated % of future expenses (B3i) 88-EC 12-EC - ? -
|| % of total R&D e:_xpenditure (Blii) 58 = - 42 -
% of total expenditure until 1992 (B1i) 79 5 - 1 -
% of 1992 expenditure (B2i) . ? ? ? ? ) . ?
- Anticipated % of future expenses (B3i) 57 ? ? ? ?
% of total R&D expenditure (Blii) ? ? ? T 9 ?
% of total expenditure until 1992 (B1i) | . 67.5 27 - _- 5.5 -
% of 1992 expendinue (B2i) 54.5 41 - 4.5 -
FR Antiéipated % of future expenses (B3i). 40 50 7.5 2.5 -
% of total R&D expenditure (B1ii) 45 50 - 5 -
% of t_otal expenditure until 1992 (Bli) 73 25 1 . 1 -
% of 1992 expenditure (B2i) 78 20 1 1 -
o Anticipated % of future expenses (B3i) 60 37 2 1 -
% of total R&D expenditure (Blii) 84‘ 4 8 4 -

ES:"The costs of all radioactive waste management activities are to be financed by those generating the wastes.

The system established for nuclear power plants consists of establishing a fee based on a percentage of the total billing
of electrical energy sales by the entire electrical sector, this serving to generate up-front funds. ENRESA’s dismantling
activities are funded via this fee".
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APPENDIX 4

List of people interviewed

Mr. T. BOORMAN - BNFL, Windscale, UK
" Mr. K. BRODERSEN - Risé, DK

Mr. M. H. BROWN - AEA Technology, Harwell, UK

5

. CAMPANI - EDF, Paris, F

5

. CANVEL - ANDRA, Paris, F

5

. H. CARLSEN - Risd, DK

5

. CERISOLA - CIEMAT, Madrid, ES
CHAPUIS - CEA, Paris, F
. J. CHRISTIAN - BNFL, Windscale, UK

. G. V. COLE - AEA Technology, Harwell, UK

S E F F

. A. P. COLQUHOUN - BNFL, Windscale, UK

Mr. T. CRAIG - BNFL, Windscale, UK

Mr. T. CROSS - BNFL, Windscale, UK

Mr. M. DONATO - CEC

Mr. J. DUNBABIN - BNFL, Windscale, UK

Dr. N. EICKELPASCH - KGB, Gundremmingen, D

Mr. ESTEBAN - CIEMAT, Madrid, ES

Dr. A. ETTERMEYER - KGB, Gundremmingen, D

Mr. B. GIRAUDEL - CEA, Paris, F

_Mr. J. M. GRAVALOS - ENRESA, Madrid, ES

Mr. HACKMAN - Department of Enviro@ent Research, UK

Mr. HAYWARD - Department of Trade and Industry, UK
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Mr. HOWART - Nuclear Installations Inspectorate, UK
Mr. HUBBARD - Dept of Trade and Industry, UK

Mr. B. HUBER - CEC

Ms. C. JACQUIN - FRAMATOME, Paris, F

Mr. A. JANSSENS - CEC

Mr. J. JONES - AEA Technology, Windscale, UK
Mr. J. H. LENG - BNFL, Windscale, UK

Mr. F. LUYKX - CEC

3

. L. MANAS - CIEMAT, Madrid, ES

3

. C. McCARTHY - Culham Labs., Culham, UK

S

. J. McMILLAN - AEA Technology, Harwell, UK
Mr. J. H. MEGAW - AEA Technology, Culham, UK
Mr. G. MEGGIT - AEA SRD, Culcheth, UK

Mr. F. MOTTE - CEN/SCK, Mol, B

Mr. NOKHAMZON - CEA, Paris, F

Mr. S. ORLOWSKI - CEC

Mr. R. S. C. PARKER - AEA Technology, Culham, UK
Mr. P. PETRASCH - NIS, Hance, D

Ms. M. RODRIGUEZ-PARRA - CIEM, Madrid, ES
Mr. SELGAS - ENRESA, Madrid, ES

Mr. A. SHEIL - BNFL, Windsc;ale, UK

Mr. R. SIMON - CEC -

Dr. H. STEINER - KGB, Gundremmingen, D

"Mr. C. STUBBS - BNFL, Windscale, UK

Ms. A. URIARTE - CIEMAT, Madrid, ES
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Mr. H. WILLE- SIEMENS, KWU, D
Mr. K. WILSON - BNFL, Windscale, UK
Mr. P. WORTHINGTON - BNFL, Windscale, UK

Mr. E. WRIGHT - BNFL, Windscale, UK
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Commission of the European Communities

EUR 15329 - Evaluation of the Community’s Research Programme on Decommissioning
of Nuclear Installations. (Cost-shared research 1989-1993)

R. GUILLAUMONT, P. CAPROS, F. FEATES, C. FERNANDEZ-PALOMERO,
H. FORSSTROM, F. PASSANT, J. SCHMITT-TEGGE.

Luxembourg: Office for Official Publicaﬁons of the European Communities

1993 — IV, 114 pp. — 21.0 x 29.7 cm _

Science and Technolbgy policy series 1 ( q ( 1 b(

EN
ISBN 92-826-6729-4

Price (excluding VAT) in Luxembourg: ECU 13.50

VLC.@( ) ( /g(fgj

The report outlines the nature of the decommissioning activity, and sets out the
needs for further improvements.

It reviews the main components of the Programme and assesses the management
efficiency. It draws out conclusions. Research work has contributed to significant
technical improvements. A number of major techniques have been proved to be
practicable. Work is viewed to be well coordinated with national programmes. Some
work of significance would not have otherwise been wide possible.

Staff is viewed to be competent and efficient. Further work is required on
radioactivewaste production and costs optimisation. .

Recommendations both of narrow and broader scope are put forward.”

A separate‘appendix dealing with a review of selected contracts and reports on
national policies and visits will be produced.
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