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FOREWORD

The European Community (EC) 1is conducting research on the decommis-
sioning of nuclear installations with the prime objective of developing
effective techniques and procedures to ensure the protection of man and his
environment against the potential hazards of nuclear installations that
have been finally shut down. The results of the 1979-83 five-year programme
of research on the decommissioning of nuclear power plants were presented
at a conference held on 22-24 May 1984 in Luxembourg.

The second, larger 1984-88 five-year programme, extended to all types
of installations of the nuclear fuel cycle, produced numerous scientific
and technical achievements, some of which have already been tested on an
industrial scale. Great progress has in particular been achieved in the
reduction of metal waste arising from decommissioning, due to advances in
areas such as aggressive decontamination procedures and techniques for
melting and recycling low-level radioactive waste metal.

From 24 to 27 October 1989, the Commission of the EC organised an
international conference on the decommissioning of nuclear installations.
The conference, which waa held in the Palais des Congrés at Brussels,
attracted 405 participants from 20 countries. Participants from non-member
States were mainly from Japan, Switzerland, USA, Canada, Sweden, Finland,
Taiwan and USSR,

The results of the 1984-88 EC programme and of selected important
projects performed outside the EC were presented in 81 papers by scientists
involved in the programme through contracts, members of the Commission's
scientific staff and guest speakers. Topics covered were as follows:

Opening Plenary Session

Aspects relevant to decommissioning strategy

Design features facilitating decommissioning

Remote operation for dismantling and decontamination

Dismantling techniques

Radioactivity measurement methods

Eatimation of waate quantities and their disposal prospects

Large transport and/or disposal containers

Steel waste melting with a view to recycling or conditioning
Decontamination for decommissioning purposes

Ventilation and filtration techniques for decommissioning purposes
Treatment of decommissioning waste

Decommissioning methodology and recycling of material

Large-acale decommissioning operations

Panel: Decommiasioning of nuclear installations - Achievements and
future tasks

Presentations were based on a spsaking time of 20 minutes. Discussion
periods followed a series of presentations in each session. The papers were
submitted in the English language. Presentations were made in English,
French, German, Italian and Spanish,

These proceedings, issued in one volume, include the papers presented,
the session discussions and conclusions, and the final panel discussion.

During the OPENING PLENARY SESSION, presentations were made by perso-
nalities having high reaponsibilities in the decommissioning of nuclear
installations in Europe. Large-scale decommissioning operations from inside
and outside the EC (including JPDR and Shippingport) were presented in a
final-day PLENARY SESSION.



A final PANEL of personalities involved 1in the nuclear area in EC
Member States discussed the achievements of the 1984-88 programme, con-
sidering them to be useful to meet the future tasks in the decommissioning
of nuclear installations. As concerns future activities, most of the Panel
members recommended to pay particular attention to the collection of data
on dose rates, costs, and with a view to the Single Market after 1992, to
the establishment of European standardised limits for reuse/recycling.

As a whole, the Conference showed that, through the R&D activities,
important advances have been made towards the demonstration that decom-
missioning, including the recovery of sites, 18 not only technically
feasible, complying with safety and protection requirements, but also
economically acceptable. Moreover, the collaboration of scientists has
created a common understanding of the problems, which is propitious for the
development of a consensus within the EC on the safety criteria and the
policy to be adopted in the field of decommissioning.
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WELCOME

S. FINZI
Commission of the European Communities, Brussels, Belgium

Ladies and gentlemen,

On behalf of Prof Paolo FASELLA, Director General for Science, Research
and Development, I have the honour to open this 1989 International Conference
on Decommissioning of Nuclear Installations, and to welcome the numerous
participants.

The first conference organised in this field by the Commission was held
in May 1984, at the end of the first five-year programme of research on Decom-
missioning of Nuclear Power Plants, and represented a very useful step for
guidance in the implementation of the second five-year programme, which was
completed last year, at the end of 1988. The second programme was larger than
the first one and the third programme, which started this year, 1is larger
still, Roughly, there is a factor of five, in constant money, between the
first and third programme: this expansion represents in clear terms the
increase in the interest of research in this field and the pressure of finding
the best suitable solutions for the decommissioning of nuclear installations.

The present Conference should not only be a means for the presentation
and discussion of the results and conclusions achieved, but should also give
an opportunity to strengthen the necessary dialogue between decommissioning
experts, owners of nuclear installations and authorities involved.

The Commission hopes that the research programme has made a useful
contribution to develop safe and economic decommissioning procedures and
techniques, improving the protection of workers and environment. A good
co-operation between research teams was effected, and this 1is already an
important achievement, but in addition the Commission hopes to have catalysed,
by this co-operation, the creation of a consensus on the best possible ways of
accomplishing forthcoming decommissioning tasks. I would like to stress the
importance of building a consensus on the criteria to assure safe decommis-
sioning, which will gain harmonisation in the Community.

The new Framework Programme of research of the Community (1990-1994) that
the Commission approved in July, and which will assure the continuity of the
1989-1993 programme on decommissioning of nuclear installations, indicates as
main lines of approach for R&D in the Community the so-called "prenormative"
research, as well as the development of technical demonstrations as a part of
the programme implementation. The new programme has precisely these two
characteristics, and we are anxious to enrich its technical content by the
conclusions of the present Conference.

A Panel discussion of personalities involved in the nuclear field, that T
hope will be followed by a large debate, should provide a fruitful forum for
the evaluation of results and the formulation of recommendations for future
tasks.

I am pleased by the wide spectrum and large number of participants that
the Conference has attracted, and it 1is a special pleasure for me to welcome
delegates from non-Community countries.

I thank all of you for your participation and I hope that you will find
the Conference useful and enjoyable.
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DECOMMISSIONING OF NUCLEAR INSTALLATIONS IN MEMBER STATES
ACHIEVEMENTS AND PROJECTS

CREGUT A.
Commissariat a 1'Energie Atomique, Marcoule, France

GREGORY A. R.
National Power Division, Central Electricity Generating Board, UK.

ABSTRACT

Since the last International Conference arranged by the European
Commission, held in Luxembourg five years ago, some important and
exciting developments in the fleld of decommissioning of nuclear
facilities have been achieved. Knowledge and capability have
been accumulated from joint research and development programmes
which have been coupled with practical experience, gained
from actual dismantlement of prototype reactors and other
plant. Member Countries are now 1Iin a strong ©position to
address the task of wundertaking decommissioning of the first
round of commercial nuclear ©power stations which having
operated successfully for 20 years or more are now being taken
out of service. It 1is now time to review our capability to
meet this task, technically and financially whilst taking
account of waste management, regulatory requirements and
public relations.

1. INTRODUCTION

Since the last Conference held 1in Luxembourg five years ago
decommissioning of nuclear reactors and other facilities has become a
topic of significant importance throughout the world and in the
Community. As of now there are substantial numbers of reactors ranging
from zero to two or three hundred megawatts which have been taken out of
service and now await decommissioning. Fuel fabrication, enrichment and
reprocessing plants, and research and development facilities having
fulfilled their useful purposes are also awaiting decommissioning. The
attached list shows the very different types of reactors and other plant
that are involved.

This year, 1989, represents an important landmark with the closure
of commercial nuclear power stations that have contributed valuable
service to electricity production for 20 years or more. These, and some
of the supporting services, have not been withdrawn from service because
of technical failure nor, indeed, capability, but only because the
economic case for further operation 1is no longer justified. It may,
therefore, be said that decommissioning has arrived and will be part
of the nuclear scene for a very long time to come. The questions to be
addressed are, firstly, have we now sufficient technical knowledge
and experience to accept this challenge? Secondly have we
confidence that the waste management services will be available?
Next can we meet the radiological protecton requirements and,
lastly, have we taken sufficient account of our long term financial
commitments?



This review demonstrates that we are in a strong position to
undertake this decommissioning task with confidence. Experience has been
and continues to be, gained through the programmes of research
and development that have already demonstrated in the actual
decommissioning of demonstration and prototype plant and ongoing repair
and maintenance of operating plant.

2. ACHIEVEMENTS

It 1is 1mportant' to communicate to the general public, both
within the Community and worldwide, that decomissioning of
nuclear reactors and other facilities is not an impossible
problem, that has not been recognised only recently and that we are
not 111 prepared to undertake the growing task ahead. On the contrary
it is some 15 years since the Elk River, BWR, was dismantled but it
was not the first and only such project. So let us look back briefly
on what has been achieved since then.

About that time the International Atomic Energy Agency,
issued a short pamphlet setting out an approach to decommissioning
reactors by stages. In 1978 IAEA held a very successful symposium in
Vienna which demonstrated clearly that any previous lack of knowledge
on decommissioning was being made good. The number and variety of
papers showed that detailed studies, backed by practical experiment
and actual projects, confirmed the earlier opinion that
decommissioning was not only feasible but practicable, and the costs
acceptable.

Detailed assessment of radioactive inventories of gas and water
cooled reactors were presented which showed how this could impact on
engineering method, waste management and its final disposal. It was
noted, however, that some trace elements in steels, concrete, graphite
and other materials used 1in reactor construction could give rise to
isotopes sufficiently activated to 1inhibit the free handling and
disposal of such wastes even in the longer term. An important outcome
of this symposium was to bring together a cross section of those
people engaged on this important matter in many countries and has led
to exchange of ideas and 1information coupled with collaborative
participation in actual projects. This has been and will continue to
be most valuable.

In April -1978 an Advisory Group of Experts convened by IAEA
developed a draft code and guide for the decommissioning of land based
nuclear reactor plants. It was noted, however, that since actual
decommissioning experience so far had been confined to small
nuclear facilities 1t would be premature to 1issue this until more
experience with 1large nuclear power plants had been gained. It was,
therefore, published as Factors Relevant to the Decommissioning of
Nuclear Facilities, Safety Series 52 (one of 13 TIAEA technical
documents since 1975 relating to decommissioning). This provided
guidance to the steps that should be taken firstly at the time a new
nuclear facility 1is 1in course of design and construction to take
account of the wultimate need to decommission it safely and
effectively. Secondly it sets out some seventeen points which TAFA



recommend should be addressed at the actual time of plant
gshutdown when detailed plans to decommission are drawn up. Time has
passed and 1in some member countries this guidance has been applied
in both initial design and actual plans to decommission.

It was a major task for the Commission to draw up and launch the
first 1979/83, research and development programme. The response from
utilities, research organisations and industry in the Member States to
the calls for proposals was most encouraging in terms of scope and
quality and it became difficult to decide who best could contribute to
a well balanced programme. However, by 1983 it was confirmed that the
programme was a great success which was demonstrated by the
presentations to the Luxembourg Conference on Decommissioning of
Nuclear Power Plants in May 1984. This led to the second, 1984/88,
five year programme which was extended to include nuclear facilities
more generally and the results of this are now presented here in
Brussels.

In addition to these CEC Programmes it 18 necesary to draw
attention to the benefits of exchange of information worldwide
in particular with Japan and the United States, in terms of
technical {nformation and conferences such as those organised by
American . Nuclear Society in Sun Valley, September 1979,
USDOE/NEA/OECD, Seattle 1982, and USDOE Pittsburgh, 1987.

The most important achievements 8o far relate to the practical
experience gained 1in field trials and decommissioning of actual
nuclear plants. In addition some 20 zero or low power reactors, about
70 power reactors worldwide have been taken out of service. Twenty of
these, with outputs ranging from 1MW(e) to 300 MW(e), are in
the Community. Most have been defuelled, gome have reached
Stage 2 and a few have been, or are 1in process of Dbeing,
dismantled completely. In addition to these reactors considerable
progress is being made with decommissioning supporting facilities.

This has led to an ongoing international exchange of information
through CEC and the NEA has 1initiated a Cooperative Programme which
includes G2 and Rapsodie (France), Neideraichbach and Lingen (FRG),
Garigliano (Ltaly), Eurochemic (Belgium), WAGR and BNFL
Co-precipitation Plant (UK), together with projects in USA, Canada
and Japan. Thus a wealth of experience 1is being built up to address
the significant decommissioning programme which is about to
become a reality.

3. PROJECTS

This year, 1989, is a very important landmark in the development
of nuclear power since the first commercial plants, commissioned in
the early 1960s are now ceasing generation after 20 to 30 successful
years for essentially economic reasons. Many of these are gas cooled
reactors and, 1in particular, France and UK have indicated their
intention to phase these out of service over the next five to ten
years. It will not be very long before the same fate will befall the
early commercial water reactors. It 18, therefore, necessary to
address the whole task of decommissioning nuclear facilities generally as
part of the ongoing requirements of nuclear based electricity generation.



Industry must demonstrate that it can adapt the useful groundwork
which has been laid down over the last decade and be able to offer a
well 1informed, well equipped and well experienced capability to
undertake decomissioning of nuclear facilities within the European
Community.

There are, however, three very important matters which need to
be resolved to ensure smooth and successful decommissioning:

- firstly it 1s necessary to establish, as soon as practicable
suitable facilities to accept disposal of large quantities of
radioactive structural steel and components, concrete, graphite and
other waste material arising, directly or indirectly, from
decommissioning operations. Detailed engineering plans cannot be
finalised until the technical characteristics and regulatory
requirements are finalised. Failure to receive this advice in good
time could result in the need to provide expensive, temporary storage
facilities,

- secondly it 1s generally accepted that it will be wandatory
that suitable funds shall be established, preferably during the
working lives of the various plents, to meet the ultimate costs of
actual decommissioning. It is expected that these will have to be
secured by central government or other approved means but, whilst it
is reasonable to make allowance for future technical developments it
becomes more difficult to accommodate inflation, possible changes in
regulatory requirements or administrative responsibility which are
likely to arise in the longer term, perhaps up to 100 years hence.

- lastly, there 1is an ongoing need to ensure relations with the
general public are properly maintained. This 1s a matter of growing
importance both in the context of the construction of new nuclear
plants and in the 1longer term their decommissioning. It must
be shown that the nuclear industry has definite intentions to carry
out decomissioning in a safe and sensitive manner, dispose of the
waste safely and establish adequate funds to complete each
and every plant as they arise.

4. CONCLUSIONS

Over the last decade or so the results from organised programmes
of research and development backed by achievements in decommissioning
radioactive facilities have shown unquestionably that the technical
capability to decommission nuclear plants exists. In addition the
necessary organisation and regulatory procedure are already in place
so that the outcomes of future policy on national and international
bases can be drawn up.

However, it should be clearly understood that although the
existing means of meeting the technical requirements for immediate or
deferred dismantlement there 1is still ample room for improvements that
will reduce both occupational dose and costs.

Finally attention must continue to be paid to public relations
so that confidence in the safety and economic case for construction,
operation and decommissioning of nuclear power plants and their
assoclated supporting services can be maintained.



TABLE 1
SHUTDOWN POWER REACTORS
Country Station Output Type Source
MW(e)
Belgium Mol BR3 12 PWR a
Canada Rolphton NPD 25 PHW a
Douglas Point 218 PHW a
Gentilly 1 266 BLW a
Czechoslovakia Bohunice Al 143 GCHWR a
France Marcoule Gl 2 GCR a
Marcoule G2 42 GCR a
Marcoule G3 42 GCR a
Chinon Al 83 GCR a
Chinon A2 210 GCR a
Monts d'Arree EL4 75 GCHWR a
Saclay EL2 8* HWR b
Saclay EL3 18* HWR b
Pegase 35% LWR b
Minerve 1% LWR b
Rapsodie 40 FBR c
W. Germany Kahl VAK 16 BWR a
Kahlsruhe MZFR 58 PHWR a
Gundremmingen KRB A 250 BWR a
Lingen KWL 268 BWR a
Grosswelzheim HDR 25 BWR a
Neideraichbach KKN 106 GCHWR a
Leopoldshafen FRZ 44 HWR b
Otto Hahn NS g+ PWR b
Italy Garigliano 160 BWR a
Avogadro Saluggio 7% LWR b
Ispra 1 5% HWR b
Montecuccolino RB-Z 10* Grap/H,0 b
Latina 150 GCR c
Japan Tokai JPDR 12.5 BWR a
Sweden Agesta 12 PHWR a
Marviken 140 BHWR c
Switzerland DIORIT 30*/0 HWR b

Lucens CNL 8.5 GCHWR a
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TABLE 1 (cont).

SHUTDOWN POWER REACTORS

Country Station Output Type Source
MW(e)

United Berkeley 332 GCR c

Kingdom Windscale AGR 36 GCR a
Dounreay 15 FBR a

United Argonne EBWR 4.5 BWR a

States Vallecitos VBWR 5 BWR a
Shippingport 68 LWBR a
Santa Susana SRE 7.5 Grap/Na a
Dresden 1 210 BWR a
Indian Point 1 277 PWR a
Hallam 80 Grap/Na a
Saxton 4.2 PWR a
Humboldt Bay 65 BWR a
Piqua 11.4 Organic a
Elk River 23 BWR a
Carolinas CVTR 17 BWR a
Vallecitos EVWR 5 BWR a
Puerto Rico Bonus 16.5 BWR a
Fermi 1 61 FBr a
Peach Bottom 1 42 HTGR a
Pathfinder 62.5 BWR a
La Crosse : 53.3 BWR a
Three Mile Island 906 PWR a
PM-2A 10* PWR b
Walter Reed Reactor 50% Homogeneous
B & W, Lynchburg 6* - b
NS Savannah 80%* PWR b
SEFOR 20% FR b
ASTR 10* - b
GTR 10%* - b
PM-3A 9% PWR b
IRL 5% Pool b
GE EVESR 17% BWR b
NASA Plumbrook 100* LWR b

Westinghouse Test
Reactor 60* Tank b

USSR Beloyarsk 1 108 Grap/LWR a
Chernobyl 4 1000 Grap/GWR a

Source: a. Nuclear Engineering International, October 1987.
b. Decomissioning of Nuclear Facilities Decontamination,
Disassembly and Waste Management, IAEA 1983.
c. Other sources.

*  Thermal rating
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TABLE 2

REPRESENTATIVE ZERO/LOW POWER REACTORS

Country Station

France ZOE
Nereide
Triton

Peggy
Cesar

Italy Rana
Ritmo
Rospo
RB-1

Japan AHCF
OCF
SCF
MCF
JRR-1
HTR

United States EBR-1
RTA
HTR

United Kingdom Queen Mary College (not IAEA source)
Dragon
Dounreay MTR
BEPO, Harwell.

Source: Decommissioning of Nuclear Facilities = Decontamination,
Disassembly and Waste Management, IAEA 1983.
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TABLE 3

REPRESENTATIVE FUEL FABRICATION, REPROCESSING AND OTHER FACILITIES

Country Facility

France ATI Reprocessing
ATTILA Reprocessing
ELAN II A and B, Fuel Fabrication
BT 18 Plutonium MET
GUEGNON Reprocessing

W. Germany ALKEM Fuel Fabrication

Netherlands MOx - Fuel Pilot Plant
V02 = Fuel Pilot Plant

Spain Plutonium laboratories
Uranium plant
Uranium Oxide Fabrication Plant

United Kingdom BNFL Fuel Storage Pond
BNFL Capenhurst Diffusion Plant
Site Decontamination Centre
Electromagnetic Separation Plant

United Kingdom Niagara Falls Storage Facility
Montecelli UTAH
Argonne National Lab. Faciilties
Hanford 100/200 Area Facilities
Oak Ridge Nat. Lab. Storage Facilities
Savannah River Plant
Battelle Columbia Lab. Facilities
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LICENSING AUTHORITY EXPERIENCE AND POLICY FOR
DECOMMISSIONING OF NUCLEAR INSTALLATIONS

Michel Lavérie, Director of SCSIN

Paris, France

INTRODUCTION

Under French regulations, the decommissioning of nuclear installations
is covered by the same general provisions applicable to the creation,
modification and operation of all nuclear installations. Indeed, it is not of
a different nature than other installations (such as for example a
production unit on which maintenance or modification work is carried out,
or a nuclear waste temporary repository). In this discussion, we propose
to describe different technical stages which, within the framework of
French practice, result in the decommissioning levels as defined by the
IAEA, and we shall show how the regulations establish a general
framework enabling the safety authority to carry out the necessary
authorization procedures.

Finally, we shall make a brief summary of the experience acquired in
France with the decommissioning of nuclear reactors of different sizes
and the decommissioning of fuel cycle installations.

1. SHUTDOWN OF A NUCLEAR INSTALLATION AND
DISMANTLING WORK

The operating period of a nuclear installation is not unlimited; after
around ten years for some prototype installations or after twenty to
forty years for fuel cycle plants and industrial scale nuclear power
plants, their operation must be ceased. This final ending of
operation may take place for different reasons, the nature of which
may be technical (obsolescence of equipment), economic or even
safety related (undue aging of equipment, difficulty in ensuring
adequate maintenance etc.).
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The reasons for shutdown are generally numerous. Experience
also shows that an installation is rarely shut down for safety reasons
alone but, on the other hand, the increase in the cost of the work
necessary to maintain the safety level is frequently a decisive factor
in deciding on shutdown for economic reasons.

When this is the case for an installation, it is up to the operating
organization to propose and take suitable measures to ensure that
its installation is not the source of hazards and nuisance for its staff
and the environment. It is therefore necessary to carry out a certain
number of technical operations on the installation to prevent
contingent nuisance hazards.

From a technical point of view, it is important to draw a distinction
between final shutdown and the dismantling operations of which
the ultimate condition may be de-restriction of the installation (use
without any specific radiological restrictions).

Final shutdown

Final shutdown covers the following operations:

— the radioactive materials necessary for operation, resulting from
operation or in storage (new and spent nuclear fuels, fissile and
fertile materials, radioactive sources and radioactive liquid
effluents and waste) are removed from the installation,

- the contaminated systems are drained and flushed (without
attempting to thoroughly decontaminate them). The equipment is
cleaned; contaminated resins and filters are removed and, if
necessary, replaced.

These operations are normally carried out with the initial operating
organization's own resources. The installation remains under
surveillance, the atmosphere of the zones containing the
radioactivity is monitored and the remaining radiological monitoring
equipment is maintained in operating condition.

On completion of final shutdown, the operating organization draws
up a statement of the residual activity balance (nature and quantity
of radionuclides) which will constitute one of the elements affecting
the choice of the subsequent dismantling level.

Dismantling levels

The levels envisaged are coherent with those laid down by the
IAEA (Safety series No. 52, IAEA, Vienna, 1980).
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At level 1, the final shutdown operations are supplemented by
preservation of the first containment barrier (reactor vessel, process
equipment, glove boxes etc.). The openings are closed and made
leaktight. For example, the glove holes are fitted with caps or
covers. The installation remains under surveillance. Periodic
measurements and visual examinations are made to ensure that
the containment systems (static containment barriers and ventilation
systems) continue to operate correctly.

At level 2, with the final shutdown operations completed, the zones
are decontaminated to an acceptable level and the zones in which
unacceptable levels of radioactivity remain are sealed off to prevent
unauthorized access.

The zone within the first containment barrier is reduced as far as
possible (all easily removable parts are taken out or transferred to
the zones to be sealed off). The leaktightness of this barrier is
upgraded and the biological shielding is altered to completely
surround it. The safety-related systems to no longer necessary are
decommissioned.

Certain parts of the installation can be converted to new uses or
freed subject to certain constraints, in accordance with the
radioprotection regulations.

This level thus corresponds to "partial or conditional release”, and
may be maintained for a length of time which may vary considerably
depending on the results of an ad hoc study, making allowance for
the following in particular:

-~ requirements related to surveillance of the installation,
- maintenance of the necessary equipment,

— contingent advantages which can be drawn from the radioactive
decay.

At level 3, all the materials, equipment and parts of the installation
which are still highly radioactive are removed. The installation and
the site are released for unrestricted use. Surveillance of the
installation is no longer required.

Thus, after final shutdown of the nuclear installation, the hazards do
not necessarily disappear and certain dismantling operations can
even represent further hazards. The operator of a nuclear
installation must therefore correctly analyse these nsks after having
determined a dismantling strategy. The dismantling operations
corresponding to the chosen strategy must be carefully considered
on a case-by-case basis making due allowance for:

- the radioactive inventory and radioactive decay,
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- the available technology,
— the waste management resulting from these operations,

— the constraints associated with surveillance of the installation at a
given dismantling level,

— the cost of the ditferent operations,

— analysis of the safety of the operations and the final state
achieved.

When all these points are clarified, the operating organization can
then present its proposals to the safety authority for approval.

REGULATIONS AND DECOMMISSIONING

The procedures applied for the decommissioning of an installation
(and the authorization to proceed with the dismantling operations)
are the same as those applicable to the creation, commissioning
and significant alteration of nuclear installations. It is the decree of
11th December 1963 (modified) which covers basic nuclear
installations (nuclear reactors and installations of the preparation,
fabrication and transformation of radioactive substances when the
total activity present exceeds the threshold corresponding to the
radiotoxicity of the substances). It provides that they may only be
created or substantially altered when the authorization decree has
been obtained, granted after a public inquiry and signed by the
prime minister.

This being the situation, let us now consider how the regulatory
framework makes it possible to cope with all the different possible
situations, first for the intermediate stage of final shutdown and then
for decommissioning proper depending on the desired level of
dismantling.

After operation is finally ceased, the first important stage concerns
the final shutdown operations. This make may place within the
framework of the operating licence of the installation, after approval
has been received by the SCSIN. To this end, the operating
organization submits a special safety analysis report — the final
shutdown report — and proposes subsequent surveillance and
maintenance arrangements.

For the actual dismantling, the procedure applied will depend on
the final (or provisionally final) state reached after work. There are
three possible cases:
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+ The residual activity after the dismantiing work is higher than the
basic nuclear installation classification threshold for temporary
waste repositories. The installation remains classified as a basic
nuclear installation and, in view of the fundamental modifications
which it undergoes relative to the conditions for which its creation
was licensed, a new licence, issued after a public inquiry, is
necessary. This authorization covers the dismantling work and
the final state, particularly the arrangements for surveillance and
maintenance. It is only granted after a technical assessment of
the safety of the arrangements planned by the operating
organization on the basis of a specific safety analysis report
which describes and analyzes the dismantling operations and
the surveillance phase in the final state attained.

In practice, the first dismantling operations can be begun before
publication of the decree, under a partial authorization by the
SCSIN.

« |f there remain, in the installation, radioactive materials of which
the total activity no longer necessitates classification as a basic
nuclear installation, but is greater than the thresholds established
within the framework of classified installation legislation for the
protection of the environment (ICEP), the work is authorized by
the SCSIN on the basis of a satety analysis report analogous to
that in the preceding case. The installation in its final state shall
be authorized in accordance with the procedure provided under
ICEP legislation. On completion of this procedure, the
installation becomes ICEP classified.

< In the last case, the level of dismantling reached (level 3) makes
it possible to make the installation and the site available for use
without any particular restrictions. In this case, the final state
does not necessitate a special procedure. The work is
authorized by the SCSIN on the basis of a safety analysis report.
On its completion, and on the basis of a report accompanied by a
record of the final radiological state, the installation is
declassified.

It must be borne in mind that the operating organization,
responsible for the safety of its installation even after final ceasing
of operation, must demonstrate that the dismantling work, the final
state attained and the conditions of surveillance of the installations
afford an acceptable safety level. It is the role of the safety authority
to make sure of this, particularly in critical examination of the
operating organization's dossier and also by surveillance
(inspection) at different stages of the satisfactory progress of the
work.
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EXPERIENCE ACQUIRED

A significant number of nuclear. installations have already been
declassified or are in the progress of being declassified at different
levels (see Tables | and Il) which has made it possible to implement
the principles referred to in the preceding section.

Thus, such research reactors and pilot plants have been the subject
of level 3 dismantling:

— the Peggy reactor (1 kW critical scale model of CEN Fontenay-
aux-Roses) which was declassified in 1976,

— the Minerve reactor (100 W research reactor) was declassified in
1977, :

— the César reactor (Cadarache) was declassified in 1978,

— the Marius reactor (400 W power reactor of Cadarache) was
declassified in 1987,

- the Attila pilot reprocessing plant (CEN Fontenay-aux-Roses)
was declassified in 1985 and the plutonium metallurgy
installation ("building 19" at CEN Fontenay-aux-Roses) in 1988.

For fuel cycle pilot plants, the level sought is currently total
decommissioning, with the possibility of re-using the site for other
purposes.

The second case (partial dismantling with decommissioning to an
installation classified for environmental protection) was
encountered in the dismantling and containment operations on the
core structures of Zoé (925 MWe reactor, declassified in 1978) and
EL3 (18 MWae reactor at Saclay, declassified in 1988).

For nuclear power reactors, the present strategy is partial
dismantling with confinement of the core structures and the most
radioactive materials. The planned surveillance period is of the
order of thirty years before proceeding with dismantling.

The decommissioning of Chinon A1 was covered by a procedure
corresponding to the first case (creation of a new basic nuclear
installation).

This prototype electrical power generating reactor of natural
uranium-fuelled, graphite-moderated gas-cooled technology, which
served as a 70 MWe electrical power generating unit, shutdown in
1973. Unloading of the fuel was completed in January 1974.
Electricité de France took the decision to keep the reactor under
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surveillance and to carry out the work necessary to ensure
containment of the radioactivity still present for a long period of time.

Electricité de France submitted a corresponding request to the
ministry for industry on 31st October 1979. On completion of the
regulatory procedure, a decree published on 16th October 1982 in
the French official gazette authorized modification of the installation
to transform it to a repository for its own equipment.

Under this decree, EDF is required to present, by 16th October
2012 at the latest, a safety analysis report concerning total or partial
dismantling of the reactor. The installation remains in the basic
nuclear installation class, and as such is subject to surveillance
carried out by basic nuclear installation inspectors.

For Chinon A2 (a 180 MWe electrical power reactor shut down in
1985, unloading of the fuel of which was completed in June 1986),
EDF instigated the decree modification procedure on 4th March
1988.

Modification of the installation will consist of confining all the reactor
internals and dismantling the primary system and contaminated
ancillary systems, which shall also be confined inside the
installation.

CONCLUSION

In France, decommissioning operations are not governed by special
provisions, but constitute a particular case of application of the general
regulatory system covering all nuclear installations.

It will be noticed that the regulations do not lay down obligations
concerning choice of techniques, both as concerns methods and timing
of operations: this is the responsibility of the nuclear installation
operating organizations.

The role of the nuclear safety organizations is to check, by means of
technical examinations carried out at different stages of progress of the
decommissioning operations, that the dismantling work and the
surveillance of their installations, in their final and intermediate states,
offer an acceptable level of safety.

We attach particular impontance, for installations which are not
immediately dismantled, to the quality of the surveillance, the periodic
checks and maintenance, as well as to ensuring the availability of skilled
staff and to the preservation of the technical dossiers.
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Operators' view of key issues
confronting nuclear power
plant decommissioning

EBmann, Jiirgen
PreussenElektra
Hannover, Germany
(Prepared on behalf of the UNIPEDE Study Group on Decommissioning)

SUMMARY

Within some UNIPEDE member countries the first generation of
nuclear power plants are reaching, or have reached, the end of their
working lives after a more than 25-years successful operating time.
In the past in the UNIPEDE countries many studies are available,
which demonstrate the technical and financial feasibility of decom-
missioning. The more the decommissioning becomes concrete the more it
is time to strike the balance and to look deeper on probable key
issues, which could have an influence on realization of decommis-
sioning. From the operators' viewpoint all relevant factors will be
discussed and the key issues confronting the present plannings of
decommissioning of nuclear power plant decommissioning will be
identified. It will be shown that all the possible options at present
can not be used because the necessary requirements have not been met
so far.

1. INTRODUCTION

For some years the UNIPEDE member countries, which operate nuclear
power plants are concerned with the problem how to manage the decommis-
sioning of a definitive shutdown plant. Installing the UNIPEDE-Expert
Group "Nucledecom" in 1976 the activities of the member countries in this
field were united. The primary objective of "Nucledecom" was to examine
all assessments of this topic worked out by the several member countries,
to gather the results and to harmonize the statements as far as possible.
As at that time didn't exist any commercial operated nuclear power plant
that were going to be decommissioned, only the comparable experiences of
maintenance made at home and abroad and those of companies in that line
could be evaluated. In that way the technical feasibility of the
decommissioning measures was able to be demonstrated and the relevant
financial expenditure could be calculated, (1, 2, 3).

The corresponding result of all assessments 1is that today all
technical equipments are available to carry out all necessary works. For
these reasons a changing of the plant design is not required in order to
have a better practicability of decommissioning of a definitive shutdown
plant. The opertional requirements of accessibility in service and
maintenance and of conservation in availability have to be higher esti-
mated than the not time limited decommissioning activities making often
possible the use of processes, which are not usable from the operational
viewpoint. Estimating the relevant costs it had been also proved that the
expenditures of all decommissioning measures are acceptablé in comparison
to the construction costs (4, 5).

These studies are of interest in so far as the first generation of
nuclear power plants after more than 25 years successful operation time
are reaching, or have reached, the end of their working lives. In the
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following table I will be given a general view of the possible plants of
the UNIPEDE member countries.

Table I: Commercial power plants-shutdown (selection)

Name Country MWe(Gross) Typ Period of
Operation
KBB-A FRG 250 BWR 68 - 77/79
KWL-Lingen FRG 250 BWR 68 - 75
VAK-Kah1 FRG 16 BWR 60 - 85
AVR-Jiilich FRG 15 HTGR 66 - 88
MZFR-Kar1sruhe|FRG 57 PHWR 65 - 84
Chinon Al France 80 GCR 63 - 73
Chinon A2 France 230 GCR 65 - 85
Berkeley U.K. 166 GCR 61 - 89
Garigliano Italy 160 BWR 64 - 82
BR-3 Belgium 12 PWR 62 - 87

It is obvious to prove and concretize all necessary technical devices in
the course of the detail planning so that as well the technical placings
can be given on a well calculated cost basis as the technical demands of
the licensing authorities can be fulfilled. Regarding to this the key
issues of today and the set limits of the objectives to permit the
unrestricted use of the site, will become visible.

2. STRATEGY FOR DECOMMISSIONING

The uTtimate goal of all decommissioning measures is to dismantle
the plant in that way that it is possible to use the site again
unrestrictively. This goal is reached through successive stages: the IAEA
has identified three major stages 1, 2 and 3 (6). While Stage 1 (defuel-
ing) and Stage 3 (total dismantling) are clearly defined and generally
apply to all cases, Stage 2 is dependent on plant type, national
practices and industrial policies, and a number of options can be
considered to establish a connection between Stage 1 and Stage 3
activities. The possible decommissioning strategies may be covered by
following options:

2.1 Option 1: Safe enclosure

Using this option the plant is going to be essential unchanged
after Stage 1 has been completed. After the disposal of all operating
medium, the remaining radioactivity is in a stable condition and will be
enclosed or fixed in another way. Liquid or gaseous operating medium
doesn't exist any more. The nuclear plant equipments will be enclosed,
protected against unauthorized persons and kept under radiological
surveillance.

The goal of the "safe enclosure" is as fast as possible to enclose
the remaining activity inventory without immediate plant dismantling and
with less expenditure. Further on it is the goal to reduce the activity



22

inventory only by natural decay during the "time of enclosure". When the
measures of getting the status "safe enclosure" are finished the period
of "time of enclosure" starts. The duration depends on several facts and
is scheduled in different countries between thirty and hundred years.

2.2 Option 2: Partly dismantling with safe enclosure

On the one hand the active and inactive parts of the plant are
going to be dismantled and removed and on the other hand enclosed
compressedly in the remaining plant equipments. In this the active
components will be partly dismantled and arranged in existed or added
building in order to shield to the environment and to protect simul-
taneous against unauthorized persons.

In principle this option doesn't differ from the option 1. As well
the natural decay will be need in order to carry out the total
dismantling to a later fixed time.

2.3 Option 3: Immediate Total Dismantling

With this option it is assumed to remove off site all active and
inactive waste materials of the controlled area of the plant direct after
the end of the service 1life. This can be practically done only by
dismantling the remaining plant and buildings so that the site may be
released for reuse or with respect to the radilogical conditions as
"green field" for a more general use by the public.

2.4 Assessment of the options

The options 1 and 3 are relatively clear to be defined. As to the
intervening option 2 are various models distinguishable that are all
included in the other options. For this reason this option 2 has not to
be considered here so far. By economical and political reasons respecti-
vely it will become necessary, independent of the scheduled procedures,
to realize the total dismantling within a short time or after a more or
less extended enclosure time. In so far all the essentials in realization
decommissioning on today are to be demonstrated with the options 1 and 3.

3. KEY ISSUES IN REALIZATION DECOMMISSIONING
In order to identify of possible key issues all aspects relevant to
planning and realization of decommissioning have to be discussed.

3.1.Technical Aspects

As it has been already demonstrated in the studies, all technical
devices are available to realize dismantling of a nuclear power plant by
regarding all safety related requirements. This can be proven by looking
on the plants in operation where at times extensive repair works have
been done and some components have been exchanged. To these measures the
technical expenditure were essentially higher than it will ever be
necessary to a definitive shutdown plant.

The overall objective of the detail planning of the technical
measures in order to select the serviceable processes, techniques and
instruments, will be determined by
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- the practicability of a dose minimizing application
- the handling for decontamination

- the possibility to reuse the material

- simple operation conditions

- multi-purpose utilization

- the feasibility of remote handling (if required)

- the feasibility of automation (if required)

- the feasibility of reduce the volume

The plant are splitted up in corresponding areas and the particular
working steps will be determined dependent of the demands.

3.2 Radiological Aspects

The exact detail planning of the decommissioning work is one
requirement to meet the general demand to keep the radiation exposure to
the personnel and to the public as low as reasonable achievable. In this
connection the radiation exposure to the public and to the environment
respectively will be of minor interest as the activity inventory of
plants in this state is in a some orders of magnitude lower range than in
power plants that are 1in operation conditions. So above all special
attentions have to be given to reduce the radiation exposure to the
personnel. The technical devices have to be used to meet these
requirements. Looking on the relevant operational experiences it can be
stated that the collective dose can be kept to such a low level that the
feasibility of decommissioning will be limited in no way. Nevertheless it
has to be mentioned that from the radiological point of view there are
good reasons for considering the natural decay, especially of the
activated components, by which, choosing the option "safe enclosure", the
radiation exposure to the personnel can be reduced remarkable.

It is the objective to establish at the end of the decommissioning
work the "green field" site conditions. But from the radiological point
of view it has not been specified up to now what values to be achieved
and in what entirety to be verified. In so far the costs for the
necessary expenditure of measurements could not be calculated.

3.3 Waste Treatment and Repository Conception

In the course of decommissioning a considerable amount of primary
and secondary waste has to be expected. A respresentative figure of the
decommissioning masses of a PWR plant is dealt with in the following
table II:
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Table II: The Decommissioning Masses of a German 1.300-MWe PWR Plant (5)

Complete Mass Radio- Reusable/
Mass (Mg) active conventional
(Mg) (Mg) dump (Mg)

Inventory of metal-

lic components in the

controlled area

including: 10389

- contaminated 6563 1411 5152

- activated 776 776

- steel structures/

liners 3050 3050

Concrete 139090 562 138528

Steel for rein-

forcement 5844 56 5788

Complete mass

in the controlled

area 155323 2805 152518

Socondary waste from

decommissioning 409

Complete mass of

radioactive waste 3214

As it can be seen not only radioactive waste has to be expected, which
has to be treated according to the regulations but also materials have to
be expected as well to be storaged on dumps as to be approved for
unrestricted use after a preceeding treatment.

But this treatment depends on the "de minimis" 1imit to be reached
for unrestricted use. If extensive and expensive decontamination and
radiological control is required the materials will not be decontaminated
for this use but sent to a final repository. It is the fact if extremely
low 1limits have to be reached, the quantities of controls and
measurements and the quantity of materials to be finally desposed of,
instead of being recycled or simply sent to a conventional waste site,
would be as well multiplied extremely.

It is the fact all repositories, where ever installed, general
speaking will be limited in size with reference to the mass volume to be
storaged. By this reason the treatment of waste has the primary goal to
reduce the waste volume so far, that only a small amount of waste has to
be storaged. All treatments that can be done in this field are as well
dependent on the relevant costs for the final storage packaging devices.
As up to now no UNIPEDE member country - except Sweden - has laid down at
what site and in which condition these waste has to be storaged, the
final repositories and the waste acceptance requirements will become one
of the main key issues. It is obvious that the today decommissioning
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plannings of the decommissionings works and of the time schedule will be
decisively influenced on the availability of a repository.

At least the wanted feasibiltiy to reuse all metallic materials,
e. g. scrapmaterial, after relevant freedecontamination in the economic
cycle will be restricted by the required limiting values in so far as in
the course of dismantling of a plant this measure can often not be
realized by economical reasons. The necessary expenditure seems to be to
high. As result it has to be feared that in the repositories those
materials will be storaged as well although from the radiological point
of view it is not necessary.

3.4 Licensing Aspects

Generally with the licensing of decommissioning - the measures and
the sequences - no essential problems are to be seen. It is in any case
important planning decoomissioning to define clearly the decommissioning
work to be done and e. g. to schedule definitely the starting point on
that time when the fuels, the operating medium and the operating waste of
the plant have been removed off site and by this the radioactivity has
reached a range of less than 1 % of that radioactivity of a plant which
is in operational conditions.

Although the licensing procedures follow the national requirements
and are different in the countries abroad, it seems to be nevertheless
essential in any way to the procedure, to define the timely sequences and
to prove the management of the decommissioning waste.

3.5 Economical Aspects

With reference to the financing of the decommissioning measures in
that UNIPEDE countries, which have private owned utilties and operators
of nuclear power plants, no problems are to be seen as the funds needed
for decommissioning are accumulated over the operating time of the plant
in reserves specially set up. The decommissioning costs that have been
calculated on basis of relevant studies (5, 7) lie between 10 % and 20 %
of the construction cost at constant price levels.

However economical aspects will become essential if, to a
definitive shutdown plant, the decommissioning steps have to be decided.
In case all degree of freedoms are available the procedures can be
decided on the base of economic, energy economic and financial
viewpoints. A long enclosure time will so be choosen in case of operating
some units at the same site and the infrastructure is available in order
to fulfil all neccessary measures during the enclosure time. On the other
hand there may be reasons for a early further use of the site so that the
complete dismantling direct after the definitive shutdown has to be
realized.

Especially the last step however will be available only, if to the
disposal of the radioactive waste, the 1limits to be reached, the
repository and the relevant storage conditions have been determined and
the overal costs can be fully calculated. Otherwise there is the only
opportunity to choose the option "dismantling after a safe enclosure" so
as it will be choosen at present in the UNIPEDE countries.
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3.6 Public Relations

At present no discussions in the public on decommissioning and the
feasibility of realizing decommissioning work can be identified.
Naturally a change is possible in case the number of power plants
reaching the decommissioning stage will increase. But this will be first
the fact in the next century. It has to be feared yet that in
concretizing the dismantling of plants the public will inquire intensi-
vely after the repository. So the governments - which are only respon-
sible - are demanded to meet the final requirements and to finalize the
required procedures.

4, KEY ISSUES CONFRONTING DECOMMISSIONING

In principle the dismantTing of a definitive shutdown plant is
realizable in any way as well technical as financial. But in critical
evaluation of the different aspects of decommissioning this principle
will be limited in so far as within the most UNIPEDE countries it is
impossible to demonstrate at what site the radioactive waste has to be
stored because the repositories are not available yet. By this reason the
operators have at present the only opportunity to choose the option 3
i. e. the safe enclosure and the later dismantling.

The reuse of all metallic radioactive materials after a relevant
treatment for freedecontamination should be possible already by economi-
cal considerations. In order to realize it will be necessary to reach a
common agreement on international base on what marginal conditions
(1imits, masses, treatment) it will be excepted. As well it should be
agreed that all rubbles of the plant buildings could be reused.

But it is well known that the accepted "exemption" or "de minimis"
limit is of fundamental importance in any sort of decision - making for
decommissioning planning and is in so far a further key issue. This limit
corresponds to the value of the specific radioactivity (becquerels per
gramme or per square centimeter) below which no material, in particular
scrap or waste from the dismantlement of nuclear power plants, is
subjected to radiological restrictions and controls, and in other terms
is considered in practice not to be any more radioactive. For example
should the 1imit be decreased (e.g. one order of magnitude lower) the
consequences on the costs and the efforts to decommission any given
nuclear power plant would be enormous. The effect on overall costs and
efforts increases with a decrease in the value of the limit itself; the
reduction of an order of magnitude is much greater for a reduction from 1
to 0,1 Bg/g than from 10 to 1 Bg/g. This has to keep in mind when
deciding on the strategy and on the waste treatment,

At least in the future a key issue of great interest will become
the requirements to be proven in connection with the stated definitive
goal "green field". From the radiological point of view nobody has given
a definition of the meaning "green field" to a site where a nuclear power
plant has been operated for many years. In order to have the possibility
to calculate the overall cost relevant to the decommissioning measures,
this seems to be one key issue. At time missing these conditions the
costs for verification of the "green field" couldn't be evaluated.
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5. CONCLUSION

Tt has been shown that from the theoretical point of view neither
technical nor financial problems of decommissioning to be seen yet. In
realizing decommissioning and the connected use of the possible options
to plants which are reaching, or have reached, the end of their working
life, the useable options are limited. On balance of all opportunities
and of all facts - technical, economical and ecological - only restricted
procedures are possible as specific key issues have not been solved so
far, partly because the governments didn't make the necessary decisions.

Nevertheless from operators' view no fundamental "key issues" -
supposed the "de minimis" concept will be practicable - are recognizable
which will jeopardize the feasibilitiy of decommissioning of a nuclear
power plant neither at present nor in future. The current facts
apparently confronting the detail plannings are not contradictory to this
statement. These current facts necessitate however to consider the
possibilities accurately and to accommodate the procedures to the
realities planning decommissioning works today. But exact technical
plannings and cost calculations have to be done at every time and
operators are well acquainted with this method.
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THE COMMUNITY'S R&D ACTIVITIES IN THE FIELD OF DECOMMISSIONING,
OBJECTIVES, SCOPE AND IMPLEMENTATION

B. HUBER
Commission of the European Communities, Brussels, Belgium

ABSTRACT

The European Community has just concluded its second five-year
programme (1984-88) in the field of decommissioning, and has started
up its third programme (1989-93).

The objective of these activities is to reinforce the scientific
and technological basis for the safety and protection aspects and the
economic evaluation of decommissioning. Thereby, increasing emphasis
1s laid on the demonstration of relevant techniques. Through the new
programme, the experience to be gained from the dismantling of the
first large-scale nuclear installations in the Community will be made
available to all Member States.

The programmes are implemented mainly through shared-cest re-
search contracts with public organisations and private companies in
the Member States. The 1984-88 programme has comprised 75 contracts.

Emphasis has been laid on the exchange and dissemination of the
scientific and technical results obtained. Beside this conference,
this has been dome through regular meetings of people working in the
game area and through publication of annual progress reports of the
programme and final reports of individual research contracts.

1. INTRODUCTION

The European Community started R&D activities in the field of decom-
missioning ten years ago, with the 1979-83 programme on the decommissioning
of nuclear power plants. This was followed by the 1984-88 programme on the
decommissioning of nuclear installationms, the results of which will form
the main subject of the present conference. A new five-year (1989-93)
programme on the decommissioning of nuclear installations 1is presently in
the initial stage of implementation.

2. OBJECTIVES

The main objective of the R&D activities of the Community 1is to
reinforce the scientific and technical basis of decommissioning with a view
to strengthening the safety and protection aspects.

Accordingly, these activities come under the heading "Nuclear Safety"
in the framework programme for Community activities in the field of re-
search and technological development (1987-91).

The orientation at safety and protection aspects determines the
criteria for the selection and execution of the R&D projects; important
criteria are in particular the minimisation of occupational exposures, of
effluents, and of radioactive waste arisings. The decommissioning proced-
ures developed must, however, also be cost-effective, 1in order to be
employed in practice.

Though it 1is an essential goal of decommissioning, to make the sites
of redundant nuclear installations available for other uses, the optimum
timing appears to depend on a number of factors which may vary from one
nuclear installation to another, or from one country to another. The
Community R&D activities are open to different strategies, they address the
requirements of early dismantling of shut-down installations as well as the
requirements of their long-term in situ storage.
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The Community R&D activities also have the objective of focusing the
efforts deployed in the individual Member States and of avoiding unneces-
sary duplication of work, through information exchange and cooperation
between people working in the same area. The integration at the level of
R&D may even catalyse a consensus on a Community policy in the field of
decommissioning.

Finally, the Community R&D activities have the objective of demons-
trating the feasibility of decommissioning procedures through pilot pro-
jects, thereby also contributing to improving the reliability of decommis-
sioning cost estimates.

3. SCOPE

The scope of the Community R&D activities on decommissioning has
evolved from one five-year programme to another.

Whereas the first programme (1979-83) was limited to the decommission-
ing of nuclear power plants, the two subsequent programmes (1984-88;
1989-93) cover nuclear installations in general.

The nature of these activities has changed, too: whereas the first
programme consisted almost exclusively of laboratory investigations and
theoretical studies, in the following programmes more and more weight has
been given to large-scale tests and demonstrations. So, Section C, concern-
ing the testing of new techniques in practice, was added in the second
programme, which is shown in Table I, and four pilot dismantling projects
were included in the third programme. This trend towards larger-scale
experiments, involving radiocactivity, 1is reflected by increasing expendi-
tures (see Figure 1).

Table I. Subjects of the 1984-88 programme

A. Research and development projects:

- Project N° 1: Long-term integrity of buildings and systems;

- Project N° 2: Decontamination for decommissioning purposes;

~ Project N° 3: Dismantling techniques;

- Project N° 4: Treatment of specific waste materials: steel, concrete
and graphite;

- Project N® 5: Large containers for radioactive waste produced in the
dismantling of nuclear installations;

- Project N° 6: Estimation of the quantities of radiocactive wastes
arising from decommissioning of nuclear installations in
the Community;

- Project N° 7: Influence of installation design features on decommis-
sioning.

B. Identification of guiding principles.

C. Testing of new techniques in practice, within the framework of large-
scale decommissioning operations.
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Figure 1. Community expenditures on R&D activities
in the field of decommissioning

4. IMPLEMENTATION

The five-year R&D programmes are decided by the Council of the EC
/1/2/3/ on a proposal from the Commission, who is also responsible for the
implementation. In the preparation of the programme proposal, as well as in
the implementation, the Commission is assisted by a Management and Coordi-
nation Advisory Committee (CGC 6) composed of representatives of the Member
States and the Commission.

The research activities in the field of decommissioning are mainly
implemented through shared-cost contracts with organisations and companies
in the Member States. Typically, the Community is assuming 502 of the cost
of a project.

At the beginning of each five-year programme, calls for research
proposals were published. The proposals received are then evaluated and
selected, care being taken to avoid unnecessary duplication of work. This
1s a crucial phase of a programme, since it determines the detailed struc-
ture of the R&D activities. Then, research contracts are prepared and
concluded. The number of contracts was 51 and 75 in the first and the
second programme, respectively. The contracts of the second programme are
listed 1in Table II.

Research contractors working in the same programme area have met
half-yearly, together with Community experts and Commission officials, to
present their most recent work and results and to exchange information and
views on the further orientation of their activities.

The results of the research activities have also been extensively
published. Annual Progress Reports were issued during the implementation
period of the programme /4/5/. A contract-specific final report is gene-
rally published upon completion of a research contract. Accordingly, the
results of the 1979-83 programme are documented in 44 published final
reports; as regards the 1984-88 programme, whereas some final reports are
already available, most are presently in print.

The results of the first five-year programme were also presented at a
speclial conference, held in 1984 in Luxembourg /6/, which will now serve as
a valuable reference to measure the progress achieved over the last five
years.
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Table 11, Contracts of the 1984-88 programme

CONTRACT
PROJECT NUMBER CONTRACTOR - SUBJECT OF RESEARCH
PROJECT FIID~0030 | Taylor Woodrow Constr. Ltd - Deterioration
N° 1 assessment of nuclear power station buildings
LONG-TERM FI1D-0031 Zerna, Schnellenbach und Partner - Long-term sta-
INTEGRITY bility and leak-tightness of reactor containments
FI1D-0032 | KW Lingen GmbH - Consequences of suppression of
negative pressure in the KW-Lingen containment
PROJECT FI1D-0001 KW Lingen GmbH - Complete decontamination of a
N°® 2 primary steam piping of the Lingen BWR
DECONTAM~ | F11D-0002 ENEL, Milan - Aggressive chemical decontamination
INATION tests on valves from the Garigliano BWR
FOR DECOM- | FI1D-0003 CEA, CEN Cadarache - Decontamination using chemi-
MISSIONING cal gels, electrolytical swab, abrasives
PURPOSES F11D-0004 Kraftanlagen AG - Development of an easy-to-
process electrolyte for electropolishing
FI1D-0005 Salzgitter AG — Optimisation of filtering systems
for various concrete decontamination techniques
FI1D-0029 [ GNS - Economic comparison of decontamination and
direct melting with a view to recycling of scrap
FI1D-0033 UKAEA, AERE Harwell - Remote electrochemical
decontamination for hot cell applications
FI1D-0034 | Max Morant Chemische Fabrik - Decontamination with
pasty pickling agents forming a strippable foil
FI1D-0035 | Société de Techniques en Milieu Ionisant - Rack-
torch unit for remote decontamination of concrete
FIID-0063 | Société Bertin & Cie. - Feasibility of concrete
decontamination using a plasma-augmented burner
FI1D-0065 | Equipos Nucleares S.A. - Closed electropolishing
system for decontamination of underwater surfaces
FI1D-0066 | Equipos Nucleares S.A. - Development of vibratory
decontamination with abrasives
PROJECT F11D-0006 UKAEA, Windscale - Ventilation and filtration
N° 3 techniques for thermal cutting operations
DISMAN- FI11D-0007 CFA, CEN Saclay - Prefiltering devices for gaseous
TLING effluents from dismantling operations
TECHNIQUES | FI1D-0008 Heriot-Watt Univ. - Dross and ultrafine particu-
late formation in underwater plasma-arc cutting
FI11D-0009 Field Automation - In-situ arc-saw cutting of heat
exchanger tubes and of pipes from the inside
FI1D-0010 | KRB Gundresmingen CmbH - Electrochemical technique
for the segmenting of activated steel components
FI1D-0011 Battelle-Institut - Explosive techniques for the
dismantling of biological shield structures
FI1D-0012 | Taylor Woodrow Constr. Ltd - Explosive techniques
for dismantling of activated concrete structures
FI1D-0013 | CEA, CEN Saclay - Prototype system for remote
laser cutting of radioactive structures
FI1D-0014 Fiat CIET S.r.l. and ENEA - Investigations of
applications of laser cutting in decommissioning
FI1D-0036 | Universitl#t Hannover - Spreading and filtering of

radioactive by-products of underwater segmenting
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CONTRACT
PROJECT NUMBER CONTRACTOR — SUBJECT OF RESEARCH
PROJECT FI1D-0037 CEA, CEN Cadarache - Development of a prototype
N° 3 system for remote underwater plasma-arc cutting
continued | FI1D-0038 | Strachan & Henshaw -~ Adaptation of a robot and
tools for dismantling of a gas—cooled reactor
FI1D-0039 TH Aachen - Remote measuring and control systems
for underwater cutting of radioactive components
FIID-0040 | Building Research Establishment - Removal of con-
crete layers from biological shields by microwaves
FI1D-0041 | Technicatome - Adaptation of an existing air-tight
and modular workshop for remote operation
FI1D-0067 CEA, IPSN Valrhd - Adaptation of abrasive water
jet to cutting of radioactive steel and concrete
FI1D-0069 | Universitdt Hannover - Development of abrasive
water jet for submerged cutting of steel
FI1D-0070 CEA, CEN Saclay ) Analysis of results obtained
) with different cutting
FI1D-0071 Universitdt Hannover) techniques and associated
) filtration systems
FI1D-0072 CEA, CEN Saclay - Measurements of effluents from
_ plasma arc and laser cutting
PROJECT FIID-0015 | British Steel Corporation - Melting/refining of
N°® 4 contaminated steel scrap from decommissioning
TREATMENT | FI1D-0016 | Siempelkamp Giesserei -~ Melting of radioactive
OF metal scrap from nuclear installations
SPECIFIC FI1D-0017 CEA, CEN Grenoble - Separation of stainless steel
WASTE constituents using transport in the vapour phase
MATERIALS FI1D-0018 CEA, CEN Grenoble - Immobilisation of contamina~
tion on large waste units by polymer coating
FI1D-0042 | Taylor Woodrow Constr. Ltd - Treatment of active
concrete dust by slurry setting method
FI1D-0043 Noell GmbH - Investigations into the melting of
radiocactive metal waste in a controlled area
FI1D-0044 | Kraftwerk Union AG - Behaviour of radionuclides
that are difficult to measure, in melting of steel
FI1D-0064 CEA, UDIN - Conditioning and disposal of radioac-
tive graphite bricks from reactor decommissioning
FI1D-0068 TNO, Delft -~ Separation of contaminated cement-
stone and non-contaminated concrete aggregates
PROJECT FI1D-0045 UKAEA, Winfrith - Design and evaluation of large
N° 5 containers for reactor decommissioning waste
LARGE FI1D-0046 Soc. Gén. pour les Techniques Nouvelles - Large
WASTE waste containers made of fibre-reinforced cement
CONTAINERS | FI1D-0047 Siempelkamp Giesserel - Large waste containers
cast of low-level radioactive metal scrap
PROJECT FI1D-0019 Imperial College - Computer programs for the mea-
N° 6 surement of low-level gamma contamination
ESTIMATION | FI1D-0020 UKAEA, Windscale - Methods to establish the curie
OF RADIO- content of waste from decommissioning
ACTIVE FI1D-0021 Reaktorwartungsdienst & Apparatebau GmbH - Systems
WASTE for contamination measurements on curved surfaces
QUANTITIES | FI1D-0048 Kraftwerk Union AG - Optimisation of measurement
techniques for very low-level radioactive material
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CONTRACT
PROJECT NUMBER CONTRACTOR - SUBJECT OF RESEARCR
PROJECT FILD-0049 | Imperial College - Monitoring gamma radioactivity
N° 6 over large land areas using portable equipment
continued FI1D-0050 Novatome - Radioactive wastes arising from the
dismantling of a cowmercial Fast Breeder Reactor
FI1D-0051 NRPB - Methodology for assessing suitable systems
for management of reactor decommissioning wastes
FI1D-0052 CEA-IPSN -~ Radiological evaluatiom of releasing
very low-level radioactive copper and aluminium
FI1D-0074 NIS GmbH - ) Methodology and data base for
) evaluating decommissioning
FI1D-0075 | CEA-IPSN Valrhd ) costs and radiation exposure
PROJECT FI1D-0022 ENEA, Trisaia - Decontamination and remote disman-
N° 7 tling tests in the ITREC reprocessing pilot plant
INFLUENCE FI1D-0053 Framatome and CEA, CEN Saclay ~ Testing of cobalt-
OF INSTAL- free valve seatings using a special test loop
LATION FI1D-0054 | Taylor Woodrow Constr., Ltd - Pre-stressed concrete
DESIGN reactor vessel with built-in planes of weakness
FEATURES FIID-0055 | Snia Techint SpA - In-situ sealing of concrete
surface by organic impregnation and polymerisation
FI1D-0056 | Novatome - Influence of design features on decom—
missioning of a large Fast Breeder Reactor
SECTION B | FI1D-0073 CEA-IPSN Valrho - Inventory of information rele-
GUIDING vant to the identification of guiding principles
PRINCIPLES
SECTION C FILD-0023 ENEL, Rome - Dismantling and decontamination of a
TESTING feedwater preheater tube bundle of Garigliano BWR
OF NEW FI11D-0024 Belgonucléaire - Conditioning, transport and dis-
TECHNIQUES mantling of very large plutonium glove-boxes
UNDER RFAL | FI1D-0025 KRB Gundremmingen GmbH - Large-scale application
CONDITIONS of segmenting and decontamination techniques
FI1D-0026 | UKAFA, Windscale - Development of techniques to
dispose of the Windscale AGR heat exchangers
FIID-0027 | British Nuclear Fuels plc. - Pilot decommissioning
of a mixed-oxide fuel fabrication facility
FI1D-0028 Nukem, Hanau - Testing of new techniques in decom-
missioning of a fuel (U, Th) fabrication plant
FI1D-0057 CFA, CEN Valrhd - Decontamination and dismantling
of the PIVER prototype vitrification facility
FU1D-0058 | Belgonucléaire - Dismantling, partly in situ, of a
glove-box structure of a mixed-oxide fuel plant
FI1D-0059 | KRB Gundremmingen GmbH - Melting of radioactive
metal scrap from the KRB-A plant
FIIND-0060 | CEA-IRDI - Volume and plutonium inventories before
and after dismantling of a mixed-oxide fuel plant
FI1D-0061 CEA-1PSN - Decontamination, before dismantling, of
the primary coolant system of the RAPSODIE FBR
FI1D-0062 NIS GmbH - Automated measuring system for waste
from dismantling of the KKN plant, to be released
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5. FOCAL POINTS
In situ storage of installations finally shut down

The activities 1in this area have been focused, on the one hand, on
inspections of selected nuclear power plants and examination of relevant
materials therein, in order to determine the mode and pace of degradation.
On the other hand, the measures necessary for maintaining plants 1in safe
condition and for keeping the necessary ancillary equipment operable have
been studied. These investigations will be pursued with a steady effort,
enlarging the data base and exploiting the growing experience, in order to
establish confidence in long-term forecasts.

Decontamination for decommissioning purposes

The work on metal decontamination has been focused on aggressive
techniques, mostly using strong chemical agents or electrochemical methods.
Unlike five years ago, considerable industrial-scale experience 1s now
available on decontamination of steel for unrestricted release. Moreover,
methods for minimising secondary waste arisings have been developed, such
as regeneration of the chemical agent (phosphoric acid) or spraying of a
thin layer of gelatinous decontaminant.

Dismantling techniques

Regarding the segmentation of steel components, important R&D subjects
have been the performance assessment of various thermal cutting techniques
in air and under water, and the characterisation and retention of the
cutting by-products. As regards the dismantling of concrete structures, the
main effort has been devoted to explosive techniques, including the ques-
tion of the integrity of surrounding structures which are to be preserved.

Treatment of specific waste materials arising in decommissioning; steel,
concrete and graphite

Efforts in this area have been mainly devoted to the melting of
low-level radioactive steel scrap, which has been brought to the threshold
of industrial practice.

Large containers for radioactive waste from decommissioning

Recent developments concerned in particular containers made of fibre-
reinforced cement and containers cast of low-radioactive steel scrap. It
has' been considered that further activities in this area, which should
preferably be based on the requirements of specific waste disposal facili-
ties, need not be supported by the new Community programme.

Estimation of the quantities of radioactive waste from decommissioning

Activities under this heading have been focused, on the one hand, on
methodology studies, in particular for evaluating strategies for the timing
of dismantling installations, and for disposal or recycling of material. On
the other hand, measurement systems have been developed with a view to
deciding whether material from the dismantling of installations 1is radio-
active or not.

Installation design features facilitating decommissioning

Catalogues of design features facilitating decommissioning have been
prepared for various types of installations. In addition, selected specific
design features have been developed and evaluated. The results of the
studies performed over the past ten years should now be discussed with the
potential users.
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6. OUTLOOK

The new five-year (1989-93) programme has been started with the
preparation of R&D contracts relating to the four pilot dismantling pro-
jects already identified in the Council decision /3/, 1.e.:

- the Windscale Advanced Gas-cooled Reactor,

- the KRB-A Boiling Water Reactor (Gundremmingen),
- the BR-3 Pressurised Water Reactor (Mol),

- the AT-1 fuel reprocessing facility (La Hague).

Through these projects, the experience to be gained from the dismantl-
ing of the first representative large-scale nuclear installations in the
Community will be made available to all Member States.

Concerning Section A, R&D Projects, and Section C, Testing of New
Techniques in Practice (other than the above-mentioned pilot projects), a
call for research proposals was published in June, with a closing date of
30 September, About 120 proposals have been submitted, many of them jointly
from several proposers, and will now be evaluated.

The new programme will be characterised by a further reinforcement of
cooperation across borders and, consequently, an increased integration of
the individual R&D activities.

As regards technological aspects, remote operation will play a greater
role in the new programme. Whereas the second (1984-88) programme, as
compared with the first one, was distinguished by the introduction of a
number of industrial-scale activities, the radiation levels involved did
not require the operations to be controlled remotely (an important excep-
tion to this was the dismantling of the PIVER vitrification facility). The
new programme will include several dismantling projects concerning highly
radiating components and requiring remote control. Moreover, the qualifica-
tion and adaptation of remote-controlled semi-autonomous manipulator
systems 18 included in the programme as a separate R&D area.
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DISCUSSION

Question: S FINZI, CEC - What are the priorities in R&D programmes and in
particular for the Community programme from the point of view of the
licensing authority?

Answer: M LAVERIE, SCSIN - I attach particular importance to R&D and other
studies devoted to preparing the dismantling of major and multiple
installations on an industrial scale.

Experience gained so far has been mainly with small, individual
installations, frequently highly specific. We should now start preparations
for major future dismantling programmes on the large reactors, and the
technological procedures, guidelines and codes (such as ‘'de minimis'
criteria, for example) should be drawn up at international level.

Question: L GILLON, SCK/CEN Mol - When do alterations to the installation
require a new licence? eg change of steam generators, or removal of steam
generators from a reactor after final shutdown?

Answer: M LAVERIE, SCSIN - A new licence is necessary when changes to the
installation and its safety characteristics are considerable. This is not
the case if the steam generators are to be replaced in a reactor by
generators largely identical (this operation represents no more than major
maintenance work). However, any partial dismantling programme which includes
the removal of the steam generators must be duly licensed.

Question: M CONTI, ENEA - In the conclusions drawn in the paper it is stated
that it is the responsibility of the plant operator to choose the time,
methods and technology most suited to the task of decommissioning. 1In my
view this freedom of choice subordinates the supervisory authority to the
plant operator. It is the safety and protection of workers, the population
and the environment which must be ensured, and it 1is therefore the
responsibility of the supervisory authority to impose the action to be taken
whenever the plant operator has different plans.

Answer: M LAVERIE, SCSIN - The nuclear plant operator must be made
responsible in the first instance for safety. The public authorities must
set the targets for safety. It is, however, for the operator to propose the
technical ways and means of achieving these targets. The supervisory
authority will then judge whether they are adequate and will monitor their
implementation. This applies also to decommissioning. Differing approaches
(in particular with regard to the time scale) may also be safe, provided
that safety precautions are taken, which take account of each individual
case. The operator must therefore justify and implement safety measures
which may be more or less stringent, depending on the choices he makes. The
licensing authority must ensure that they are respected.

Question: H L BERMANIS, United Engineer and Constructors International -
Since the cost of money for construction is such a large proportion of the
facility cost, in cases where schedule stretchout raises the facility cost
very substantially, do you still maintain that decommissioning costs are in
the range of 10-20% of facility cost?

Answer: J ESSMANN, UNIPEDE - Yes, as I mentioned, the decommissioning costs
of each nuclear power plant will be calculated anew once a year, taking into
account inflationary aspects as well as all other technical and admin-
istrative effects influencing these costs. The figure of 10%-20% of the
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facility cost is only true for power plants that are in the size range of
900-1300 Mwe. With respect to smaller power plants these figures can be much
higher compared to the construction costs. Insofar as the decommissioning
cost should be specified generally, eg as cost per kWh per 25 years of
production, the cost will be 1in the range of maximum 0.004 DM/kWh.

Comment: B W EMMERSON, HM Nuclear Installations Inspectorate - I would like
to stress the need to take into account future decommissioning requirements
during the operating phase, to take advantage of the experience gained
during the 20-30 year operating life of a NPP, for example, during shutdowns
for refuelling, maintenance and, especially, for major in-plant modifica-
tions. I would advocate that from the commencement of the operation stage,
the future needs of decommissioning should be addressed in order to extract
the maximum experience from this period. One means of providing this
experlience is to establish a decommissioning-oriented specific task-related
and dose-rate-related databank. This is similar to the provision of the data
needed for the successful implementation of the ALARA prainciple. The data
would supplement the in-built design stage provisions.

Comment: M S T PRICE, UKAEA-Winfrith - relating to Mr Essmann's paper. One
aspect which has not been mentioned is the large-scale effect in relative
costs of decommissioning nuclear reactors. Small reactors are relatively
expensive to decommission. If I compare the cost of decommissioning the
20 Mw(th) Dragon reactor with the cost of decommissioning a single Magnox
gas-cooled reactor, the Magnox to Dragon is probably less than a factor of
two. There are good reasons for this. Dragon is only about the size of two
dustbins and 1its decommissioning is rather 1like 'reverse remote watch-
making'. In contrast, decommissioning of large power reactors can be
effected using industrial-scale techniques with possible advantages if
replication of reactor design has occurred.

Turning to financing, as Mr Essmann has said, the decommissioning of
large power reactors can be charged to electricity users during reactor
operation. But small research reactors lie generally in national institutes.
Their decommissioning is therefore likely to be dictated by the availability
of funds from central government.

The small research reactors were built in the early years of nuclear
energy and hence are approaching retirement (or have been retired). We
should ensure that this scale effect is made very clear so that extra-
polations to large reactors by the public are not wildly pessimistic.

Comment: P FUNKE, Ministry of the Environment and Reactor Safety, Wiesbaden
- Table 3 of the first presentation seems to indicate that the Alkem fuel
fabrication plant has been shut down. That is not true: Alkem fuel fabric-
ation plant at Hanau is still in operation. It may be that Table 3 refers to
the Alkem plant in Karlsruhe, which was transferred to Hanau in 1970-72.

Comment: L DUSSAIWOIR, Banque Nationale de Belgique - Mr Gregory stressed
that costs for dismantling could be acceptable. Mr Essmann indicated that
costs may vary from 10% to 20%, even to 30% (say one to three times more)
and that the real costs can only be known by dismantling a large-scale
installation. On the other hand, Mr Huber reported that the area related to
the influence of design features on decommissioning will not be continued
under the new five-year programme. Taking into account that the amounts
considered are very important, the range of 10% to 30% seems fairly wide
with respect to the formation of a realistic financial provision based on
calculations, especially if in future the design features to facilitate the
assessment of dismantling costs are not foreseen for new installations.
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Comment: B HUBER, CEC - I would like to make a comment on the absence of an
R&D project on installation design features, from the new five-year
programme (1989-93) of the EC, and a comment on the impact to be expected
from further R&D work in this area, on the cost of decommissioning.

Installation design features facilitating decommissioning have formed
a subject of R&D projects of EC programmes for the past ten years, and a
number of the ideas investigated are today state-of-the-art design features.
Towards the end of this period, the valuable R&D subjects seemed to be
exhausted. It appeared expedient, therefore, to draw a balance of the wealth
of results accumulated, analysing them together with the installation
manufacturers and operators, in order to evaluate the extent to which the
proposed design features constitute real improvements, considering their
impact over the whole installation life, not only the decommissioning phase.
This analysis will be made under Section B, 'Identification of Guiding
Principles', of the new programme; it may lead to the identification of
useful complementary R&D work.

Such future R&D work, however worthwhile, should not be expected to
change the cost of decommissioning drastically (I would expect greater
benefits from improved procedures for decommissioning and material manage-
ment) . One reason for this is that the greatest improvements with respect to
early plant design (eg, plants being presently decommissioned) have already
been incorporated into modern plants or are ready for incorporation into
tomorrow's plants. It must also be kept in mind that design features
facilitating decommissioning usually cost an incremental investment, whose
importance in relation to the benefit is increased by the necessary
discounting over the time period between the expenditure (ie, time of
construction of the installation) and the realisation of the benefit (ie,
time of dismantling, depending on decommissioning strategy).

Question: E SKUPINSKI, CEC - Mr Essmann could you comment on the importance
of reducing contamination levels from 10 to 1 Bg/g on the costs of radwaste?

Answer: J ESSMANN, UNIPEDE - If you have to reduce the contamination levels
from 10 to 1 Bg/g you have to do more decontamination work, make more
cuttings, altogether you will produce more waste packages and the necessary
measurements will be very expensive.

Question: P DEJONGHE, SCK/CEN Mol - You mentioned at least two areas of
uncertainty: the definitions of 'green field' and the final destination of
the waste. Could you comment on the margin of uncertainty which these issues
represent in your cost evaluation?

Answer: J ESSMANN, UNIPEDE - Insofar as the calculation we have done takes
into consideration the 'green field' conditions, there are no uncertainties
in our cost calculation.

CONCLUSION

The first session of a Conference is often the mirror of the following
days. Presentations were made by four speakers, A Gregory, M Laverie,
J Essmann and B Huber. Thanks to their having different responsibilities in
their respective organisations in the frame of decommissioning nuclear
installations, a lot of material for reflection and relevant questions were
raised from the floor.

Licensing procedures, cost of decommissioning and impact of R&D on
decommissioning techniques were the main subjects of discussion. The liaison
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between decommissioning operations and radiation protection was also
stressed.

There is a need to prepare in an adequate way the large-scale
operations: until now, decommissioning and dismantling has been limited to
relatively small plants and installations. This means that an effort should
be made 1in order to extrapolate the results of the work performed by the
different organisations, and to extend it to industrial installations. I
think that the discussion of today, and certainly the discussions which will
follow in the next few days, will contribute to the understanding between
scientists, decommissioning experts, owners of nuclear installations and
involved authorities. The goal will be to approach clear ideas for a global
strategy of decommissioning, and I hope this will give us the chance to make
nuclear energy more understandable to the public and, thereby, make it more
acceptable.

S FINZI, CEC
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STRATEGY OF NPP DECOMMISSIONING IN THE IEA NPPD MEMBER STATES

YE LARIN, V. KREMNEV, V. YELIN, S. GAVRILOV (USSR)
E. HLADKY, M. BOSANSKY, S. STRAPEC, K. SCHUBERT (Czechoslovakia)
S. NOZHAROVA, TS DELCHEVA, $. DANCHEV (Bulgaria)

Summar

Member States of the International Economic Association for Nuclear
Power Plant Decommissioning (IEA NPPD)* have developed a concept of
closure of NPP units after final shutdown. The concept includes both
extension of 1lifetime and decommissioning according to different
options. The basis for scientific technical support of the effort is
the CMEA member states' programme for closure of VVER reactor plants
and the national USSR programme for NPPs with other reactor types.
Codes and Standards documents have been formulated and are under
development covering such areas as nuclear and radiation safety and
also regarding unrestricted use of the materials of NPP units being
dismantled. A Code regarding the funding of NPP decommissioning
efforts has been prepared.

Pilot versions of remotely controlled manipulators to dismantle the
graphite layer of Belovarskaya NPP Unit 1 have been developed; other
types of manipulators for dismantling are under development.
Decontamination techniques are being improved including processes of
hard decontamination and remelting. Efforts are under way to
decommission NPP units in the USSR and Czechoslovakia.

The CMEA countries' Comprehensive Programme of Scientific and
Technological Progress Through the Year 2000 addresses the problems of
nuclear power plant (NPP) refurbishing and dismantling following expiration
of their lifetime. IEAR NPPD* specialists have developed a concept of NPPU
closure. NPPU closure presents a set of measures aimed at performance of
work in compliance with the chosen option, i.e. NPP life extension or
decommissioning following final shutdown and appropriate unit preparatory
phase, as well as personnel, public and environment safety assurance.

Preparation for decommissioning and decommissioning itself are the
final stages of NPUU life cycle which includes construction, commissioning
and operation proper as well.

The reasons for the final shutdown of NPPU are as follows:

- expiration of specified lifetime;

- an accident rendering further operation impossible;

- changes in requirements for operational reliability and safety which
cannot be met with the existing construction;

- uneconomic operation.

Almost all these factors had already been taken into consideration
when taking decisions on decommissioning, for example: after 20 years of

IEA NPPD International Economic Association for NPP decommissioning
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operation Novovoronezh NPP Unit 1 was finally shut down; or Armenia NPP,
which must be decommissioned due to changes in requirements for reliability
and safety.

Lead time to decommissioning of NPPU is the period when the plant
operational personnel bring the unit into a nuclear safe state. In addition,
this stage involves removing waste and planned maintenance of the necessary
equipment and systems. Specified lead time for decommissioning is also
characterized by the requirements for reducing the activity 1level of
equipment buildings and structures due to decay of short lived nuclides
(unit 'hold').

To carry out work in radiologically hazardous conditions,
comprehensive R&D/design work as well as manufacturing, testing and
implementation of devices for hard decontamination and radiation resistant
robotics, should be undertaken. Such issues as erection of storage
facilities or repositories for waste with different activity 1levels,
manufacture of transport containers, devices reducing the volume of
dismantling wastes and their separation from materials to be reused, should
be considered separately.

METHODOILOGY OF STRATEGY SELECTION

By 1989 in the USSR only 4 NPP units, 2 pilot and other commercial
facilities of 1150 Mwe capacity, will have been finally shut down; another
unit will be shut down this year. Due to the necessity to carry out
comprehensive R&D and design work up to the year 2000, some 10-15 NPPUs
including 1000 MWe units will be shut down. A sharp increase in the number
of 'spent' units (30 years of operation) is expected early in the next
century.

In Bulgaria the 'Kozlodui' plant has been in operation for 15 years
already. Arrangements to extend its life following its expired specified
lifetime or to start decommissioning should be made right now.

In Czechoslovakia also lifetime extension is regarded as a promising
option. Besides, decommissioning of Al unit shut down in 1977 has started.

According to a preliminary assessment, the cost of NPPU dismantling
involving disassembly of equipment and systems, destruction of buildings and
structures of VVER 1000 unit and removal of wastes from the site, will make
up 30% of NPP total cost. The total cost depends heavily on the amount of
radwaste which accounts for approximately 5-20.10° t, on the methods of
their treatment and separation from waste which can be reprocessed for
restricted and unrestricted use.

In 1987-1988 in the USSR an ALL Union Scientific and Technical
Programme on NPP Decommissioning was developed. It includes some work being
done by IEA NPPD. The experience of IAEA and Western countries was taken
into acount during the development of this programme. It is clear that
uncritical use of this experience could result in the selection of an
inefficient strategy of NPP decommissioning in the USSR and other countries.

In the socialist society where manpower appears in the role of
aggregate manpower on a social scale, the basic criterion of strategy
selection is national economic efficiency. At the same time the most part of
the social and a considerable part of industrial infrastructure has been of
social advantage by the expiration of NPP specified lifetime.

The main factors which determine the strategy and meet all criteria of
its selection are the requirements for safety assurance, environmental,
economic and socio-economic and health factors, level of technological
support of decommissioning, availability and characteristics of storage
facilities and repositories for waste of various activity levels, possible
timescale of work.
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OPTIONS OF NPP CLOSURE

To i1mprove or maintain NPP performance and assure its safety, various
measures are provided for during operation. Though these measures are not
directly aimed at NPPU life extension, equipment and systems service life
extension by means of their repair or replacement does in some cases make
1t possible to choose the life extension option. On the other hand, during

NPP operation requirements for nuclear, radiation and general safety can
change.

The well known examples are the more stringent safety requirements
imposed following the TMI and Chernobyl accidents. In the case of more

stringent requirements, decommissioning, refurbishment or upgrading of NPPU
should be carried out. The choice of the option is based upon aggregate cost
of work performed including economic assessment of the collective
occupational dose. Figure 1 gives an example of the list of measures
preceding NPP closure operations as well as the suggested timescale.

The set of measures extending the service life of some equipment
components covered by a common programme can be regarded as NPPU upgrading
aimed at life extension provided it covers all critical components. For VVER
type units the following components are regarded as critical: reactor
pressure vessel, primary circuit pipelines and cables, steam generators.

Service lives of separate systems should be agreed in the programme
and additional measures should be provided for if necessary. These measures
may be aimed at safety improvement based on synergetic effect of reliability
of separate equipment elements or redundancy of its safety systems.

The main conditions of NPP life extension is assurance of its safety.
This condition is closely related to the problem of NPP equipment and system
ageing and accuracy of determination of their residual service life. In some
cases to extend specified lifetime standard reduction of installed capacity
accompanied by reduction of equipment and structures load may seem
justified. Thus even a small reduction of VVER thermal power due to
appropriate protective measures allows to reduce fast neutron fluence on
pressure vessel by a factor of 3-5 and considerably extend its lifetime.

Figure 1 shows that the final option of a specific NPPU closure should
be selected on a step by step basis. Using the results of a preliminary
feasibility study the option for a particular NPPU is chosen. Criteria
establishment 1s not included in these measures; they should be formulated
by 1independent organizations (competent bodies) having all the necessary
information and based on a comprehensive prediction of the long-term
development of the nuclear power 1industry as a whole. The decision on
Armyanskaya NPP dismantling provides an example of such a choice.

Figure 2 shows some ways of implementation of the basic option. The
decision on preparing the project is made based on option comparison and
feasibility study including assessment of the collective equivalent dose.

LIFETIME EXTENSION

Farly in this decade most countries did not give proper consideration
to NPP upgrading and refurbishment, though feasibility and engineering
studies were undertaken in some. The situation has been changing lately,
since the cost of NPPU life extension is estimated to be considerably lower
than that of construction of replacement power facilities. At the same time
the problem of NPP decommissioning will be postponed which allows to provide
material and technological support and to accumulate additional funds for
this purpose.
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For the first in the series unit with the specified lifetime of 30 years the tentative timescale is as follows:
A-D 17 years; A-E 20 years; A-F 22 years; A-H 30 years.
These values can vary with changing of a specified lifetime.

Time of preparation and holding can vary from several months when extending lifetime to 10 years during
decommissioning. L-K can vary from 10 years (immediate dismantling) to indefinite time (entombment).
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The organization of CMEA countries participating in IEA NPPD regard
the following options of NPP 1life extension as the most promising
(Figure 2)*%:

- 'Re-certification' of NPPU - an option providing for reliable
operation of equipment and systems beyond their specified lifetime
following detailed diagnostics, maintenance and repair;

- Upgrading - an option providing for restoration or improvement of NPPU
performance within the framework of the existing NPP design;

- Refurbishment - an option providing for criterion of a new design on
the basis of the unit different from the existing nuclear facility
with preservation of the unit functions.

Besides the advantages mentioned NPP life extension allows a reduction
in the number of NPP units and sites and improves NPP personnel 1living
standards with the same power generation rate.

It should be pointed out however that NPPU life extension may prove
inefficient. Although in 1988 USSR specialists resolved the problem of high
temperature annealing of pressure vessel components, and steam generator
replacement has become almost a routine operation in Western Europe and the
USA, many issues concerning NPP 1life extension, including accurate
determination of the residual service life and replacement of large size
components, remain unresolved.

Conversion is also one of the options of NPP life extension providing
for the change of its functions (Figure 2). 1In particular, construction of
large capacity nuclear reprocessing facilities seems very effective.
Combined production of radiochemical materials and electricity with slightly
reduced power supply could be arranged. For this purpose units to be
decommissioned can be utilized as well. Some NPPs in CMEA countries, e.g.
Beloyarsk and Bohunice plants, use nuclear heat to supply hot water.

Conversion of 'spent' units to nuclear district heating plants (NDHPs)
and especially to nuclear power and district heating plants (NPDHPs) may
prove efficient for countries with NPPs located in the vicinity of large
consumers of low potential energy. Other ways of multi-purpose use of
nuclear units are also possible. In the USSR the water desalination facility
based on Shevchenko NPP has been in operation for a long time already.

Replacement of a nuclear reactor by a fossil-fired plant is possible.
Such an approach could be used in the case of Armenia NPP for example.
However, this option should be regarded as decommissioning since the nuclear
island and contaminated auxiliary buildings and structures should be
dismantled and the site cleaned. In any case, fossil fuel mining is tending
to decrease in the European part of the USSR, also in the Urals and in most
CMEA countries.

NPP DECOMMISSIONING

Decommissioning is the best studied option 1in CMEA countries
participating in IEA NPPD.

In CMEA countries a multi-unit construction approach is used (except
Obninsk and Shevchenko NPPs). Enlisting of NPP personnel for the monitoring
and maintenance, as well as the general monitoring system of the mothballed

* %
Irrespective of the way of lifetime extension, the commissioned NPPU is

recorded as non similar to the previous one, if the work is performed on
expiration of the specified lifetime. Preparation for life extension and the
extension itself are independent phases of the unit life cycle; these phases
are similar to the construction phase.
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and operating units, contributes to the reduction of current monitoring and
maintenance of the shut down units. The situation, however, may change if
the number of NPP sites 1S reduced. Some rooms of the shut down unit can be
used for testing and adjustment of the repalr equipment and robotics used
for units under operation and design. These units can be used for proving
decommissioning options and lifetime extension, in particular when the time
18 limited and personnel training is required. Some premises of a shut down
unit can be used as storerooms or perhaps as a storage facility for wastes
of this particular or operating unit.

Operation of any NPP, irrespective of how its equipment and rooms were
used following final shutdown (lifetime extension included), is followed by
a general dismantling stage which includes dismantling of radioactive
equipment, systems, buildings and structures of the unit and structures
common to the plant, as well as disposal of radwastes exceeding activity
level allowing their unrestricted use. Radiation monitoring of an NPP site
and protective zone can be stopped only following restoration decreasing
radiocactivity to the level allowing their unrestricted use. Unit mothballing
for several decades 1s possible. It provides for the utilization of some
standard systems (e.g. vent system and power supply) and continuous
inspections of the unit equipment, systems and structures as well as site
monitoring and safeguard.

It must be emphasized (see Figure 2) that entombment is not the final
stage of decommissioning since the 1lifetime of artificial barriers is
shorter than the time necessary for the decay of isotopes accumulated during
NPP operation to the level allowing unrestricted use of buildings,
Jtructures, equipment and site (fuel and operating wastes are removed during
the preparatory phase of decommissioning). Entombment of nuclear reactors
damaged as a result of accidents (Chernobyl in the USSR and Windscale in the
UK) is a separate problem. Considerable amounts of fissile materials
remained inside the containment (existing or constructed). These facilities
present a radiological hazard. Even after decades of holding, the activity
level of these materials and structures will not allow dismantling to be
undertaken without using remote devices. 1In Windscale, for example, this
work 1s planned to be undertaken in 30 years.

CURRENT STATUS OF DECOMMISSIONING IN IEA NPPD MEMBER COUNTRIES

In the USSR the requirements to develop decommissioning projects
appeared in the Regulations 1in 1982. A separate issue of the 'Health Rules
... B89/79' 1s devoted to NPP decommissioning. This is the first document
which determines the health rules to be met during decommissioning;
requirements to decommissioning plan and provides definition of NPP closure.

IEA NPPD has developed and 1s developing the following documents:

1. Methodological and Codes/Standards Documents for NPPU Closure,
including:

- Terms and definitions both for NPPU closure and related areas, e.g.
robotics;

- Basic Guidelines and Programme of NPPU decommissioning;

- Guides for assurance of nuclear and radiation safety during NPPU
closure;

- Standards to provide permissible activity levels of dismantled
materials for their unrestricted use;

- Requirements for new NPPUs under construction from the point of view
of facilitating decommissioning operations;

- Guide for the funding of NPPU decommissioning efforts.
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In addition, work on the following documents has started:

- Basic Guidelines of the Project of VVER 440 unit decommissioning;
- Guide for extension of NPPUs' lifetime.

2. Engineering and Design Development, including:

- Processes and equipment feor hard decontamination of components,
systems, buildings and structures of NPPUs subject for decommissioning
or modification (metal and concrete structures separately);

- Robotics for the dismantling of activated and highly contaminated
equipment, systems and structures;

- Temporary working spaces for the disassembly of equipment, systems and
structures of NPPUs and for cutting, packaging and transportation
within the plant site.

3. Experimental and Industrial Scale Work

- At present comprehensive engineering examination of the Novovoronezh
and Armenia plant units is under way.

- In 1990 efforts will be started to prepare Armenia NPP and the first
stage of Novovoronezh NPP for decommissioning.

- Examination of Beloyarsk NPP Unit 1 is in progress, including the
graphite layer, to undertake complete disassembly of equipment.
Experimental work is underway on hard decontamination and remelting of
contaminated components of the primary circuit.

- Partial dismantling of the secondary circuit of Bohunice Al plant has
been completed. Preparation for the dismantling of the nuclear island
of this plant, for decontamination and remelting of contaminated
components, is underway. -

CONCLUSION

Implementation of the options for NPP closure described, as well as
ways of NPP life extension and decommissioning, gives actual experience in
the development and application of guidelines and design documentation,
technology and equipment.

Selection of the option is determined by external criteria,
feasibility study and the systems effect in the industry.

Considerable extension of NPPU specified lifetime will reduce the
number of NPPs necessary to generate the required electricity and con-
sequently the number of units to be decommissioned. The number of sites for
new NPPs will also be reduced. Lifetime extension, however, is possible
provided that NPP operation safety is assured.

The problem of NPP closure is also an ecological one.

Erection of storage facilities and repositories for the dismantled
radwastes, their transportation and disposal, is a specific task.

Moreover, since the USSR is an exporter of NPPs (designs and essential
equipment) it must provide for the possibility of NPP decommissioning
(following an accident as well).

In the broad sense, NPP closure contributes to safety improvement of
nuclear power as a whole.

Timely and proper selection of the basic options and their implementa-
tion allows an increase in the national economic efficiency of nuclear power
and makes it safer.
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ABSTRACT

Current suggestions are that complete dismantling and removal of reactors
and associated buildings and a return of sites to green field conditions
may be delayed for up to about 100 years after plants cease generation.
Throughout both their remaining operating life and the delay period
structures are nevertheless expected to perform their intended functions
efficiently. As existing power stations have been designed for
comparatively shorter working lives, there is a requirement to assess the
long-term performance of these structures.

1. INTRODUCTION

Investigations are undertaken into the likely durability and stability
of reinforced concrete components of buildings and structures at nuclear
power stations over the currently-envisaged period of up to 100 years for
the completion of dismantling and decommissioning, as well as into the
leak-tightness of the steel containments and steel liners. As sites for
the studies, four UK and two German nuclear power stations are chosen, and
information is also obtained from other plants in France and Italy. The
main elements of reinforced concrete and the prestressed concrete
structures of reactor buildings are selected and investigated concerning
their long-term performance, that is a period of about 100 years after
decommissioning. A survey over the general long-term behaviour of the
structural elements, and especially of their components concrete and
reinforcement steel 1is gathered by evaluating the current knowledge in the

literature. As far as the reinforcement is concerned, the corrosion
mechanism is important, and surveys of available components are undertaken
in this respect. Furthermore, long-term examinations of silicon sealing

materials used in safety-related areas are performed. and also
non-destructive ultrasonic tests on a component and calibration blocks to
confirm that it is possible to detect corrosion in non-accessible areas.
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2. REINFORCEMENT CORROSION IN CONCRETE

2.1 Corrosion Process

The following sections present a concise summary of relevant details
of the processes included when reinforcement corrodes in concrete. Greater
attention is paid to the first stage, namely corrosion activation, which is
generally the key to predicting reinforcement corrosion timescales; this is
then followed by a shorter review of the second stage, corrosion
propagation.

In freshly-placed concrete, reinforcement steel is protected by the
high alkalinity of the surrounding cement paste, around pH 12.5-13,
resulting from the cement hydration process. This causes the steel to be
passivated, that is to say protected from corrosion. With time, however,
this alkalinity becomes reduced as a result of the neutralising effects of
carbon dioxide diffusion into the concrete from the atmosphere

(carbonation). Furthermore, the ingress of corrosive salts, primarily
chlorides, destroys passivation and causes corrosion even under the highly
alkaline enviromnment 3in concrete. The time taken for the depth of

carbonation (slow) or chloride penetration (quicker) to become equal to the
depth of concrete cover over the reinforcement is known as the initiation
time (T,), as shown in Fig 2.1. In the case of carbonation the length of
the initiation period is determined by how rapidly atmospheric carbon
dioxide neutralises the concrete cover to pH values below 9. 1In the case
of chloride attack, initiation time (T,) is controlled by the mechanism
of chloride transport into concrete and the time for a threshold chloride
concentration to be exceeded at the depth of reinforcement.

After initiation, the rate at which the corrosion progresses is
determined by the rates of the anodic and cathodic reactions, i.e. by the
resistivity of concrete, the availability of moisture and oxygen, the
temperature and the anode:cathode area ratio. Assuming an adequate supply
of oxygen and water, corrosion proceeds for a second period (T,) until
the amount of corrosion products formed is sufficient to cause cracking and
eventually spalling of the concrete.

This two-stage process is shown diagramatically in Fig 2.1, together
with a summary of the factors involved.

The process of corrosion occurring on reinforcement has various
consequential effects, including the following:

a) ° One or more visible effects, such as rust-staining, cracking, spalling
or delamination of the concrete surface may develop; each of these may
be aesthetically undesirable.

b) Chips, fragments or lumps of concrete, collectively referred to as
'spalls', falling from an elevated position clearly may present a
safety hazard; elsewhere such pieces have been found to travel
surprising distances in high winds.

c) Loss of steel by corrosion results in a reduction of cross-sectional
area of reinforcement, and eventually an impairment of load-carrying
capacity; ‘'pitting' corrosion can effectively 'chew' through a bar in
a very concentrated fashion, sometimes even with little externally
visible evidence that corrosion is occurring. An associated reduction
in ductility increases the risk of sudden failures of bars at low
deflections of members.

d) The presence of corrosion causes loss of bond between concrete and
reinforcement, which, when extended over substantial lengths, can also
impair capacity.
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e) Spalling of cover concrete together with substantial corrosion of
links, results in an increased risk of buckling failure of compression
reinforcement.

In the case of nuclear stations, generating lives of typically some 30
years were envisaged, and it would be easy to regard this timescale as the
lifetime required of the structures. Compared to such a lifespan, concrete
structures involved in this programme were approximately 20-30 years old
when surveyed.

When considering the deterioration of concrete structures at nuclear
power stations, it is also necessary to allow for the timescales associated
with decommissioning. Current suggestions are that the complete
dismantling and removal of reactors and associated buildings and a return
of the site to green field conditions may be delayed for periods ranging
from several decades to about 100 years after the plant has ceased
electricity generation. The time delay is anticipated to lead to reduction
in radioactivity levels and, thereby, to make the dismantling process
easier.

Taken overall, therefore, the construction and generating periods of
the station and the maximum decommissioning period where applicable, could
represent a total 1lifespan of up to about 140 years. 1In the case of
stations included in the work described here, some 110-120 years remain.

Hence the study described here aims to estimate the likely
deterioration rates in reinforced concrete structures at nuclear stations,
as a basis for inspection and maintenance in the future.

2.2 Environment

As a result of the need for convenient supplies of cooling water, many
of Britain's nuclear power stations are located near or on the coastline.
Therefore the buildings are exposed to coastal environments, of which the
most significant feature affecting reinforced concrete durability is the
airborne sea-spray carrying salt. Experience gained from studies of coastal
and marine concrete structures, beginning with the 1970's 'Concrete-in-the-
Oceans' programme, showed that the 'splash' zone of a structure i.e. just
above high tide, is the most severely exposed in terms of reinforcement
corrosion risk; other studies have shown that airborne salt can be blown a
considerable distance inland according to prevailing winds. The severity
of the environments and the effect of salt-deposition at the nuclear sites
included in this project was clearly demonstrated by the fact that various
cladding/glazing-fixings, pipe-hangers and other exposed steel components
had required replacement.

Other ‘artificial' marine environments were associated with specific
structures, such as cooling water inlet/outlets (CW) where very high levels
of salt spray result from plant operations. Reinforcement corrosion and
consequent cracking/spalling of structural concrete elements in one CW area
inspected was the most advanced deterioration due to reinforcement
corrosion observed during the project; this demonstrated the severity of
that environment.

The relevance to this project, of concrete performance in the external
environments and particularly coastal environments, is to indicate the
potential threat to durability that must be designed against in
decommissioning especially in respect of structures which will remain
through the maximum time period.

The other main cause of reinforcement corrosion activation,
carbonation, is much 1less 1likely to be significant in externally-exposed
structural concrete, particularly since in northern-Europe such concrete is
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generally subject to regular wetting and drying which tends to result in
very low carbonation rates. However, the following aspects of the 'indoor'
environment of nuclear buildings combine to result in much more favourable
conditions for concrete carbonation.
a) 1little or no wetting and drying (Fig. 3.1);
b) relative humidities, typically in the range 50-75% RH which would
be regarded as favourable for carbonation (e.g. Fig. 2.2);
c) temperatures often above well ambient (e.g. up to 47.5°C
measured in some buildings);
d) the possibility for carbon dioxide 1leaks, which would increase
atmospheric CO., levels, and hence accelerate the process;

Wetting of the concrete, which lowers the concrete's electrical
resistivity and permits corrosion currents to flow, is rarely a limiting
process in external concrete, and times to corrosion damage (T,) as short
as 5-10 years after corrosion activation are not uncommon.

However, several measurements of concrete resistivity in the range
5-15 k-ohm-cm (i.e. able to support corrosion) were recorded on concrete
subject to steam leaks, drips from pipe-joints, washing-down of floors
etc. Further possibilities may exist of much increased wetting during
decommissioning periods, due to such effects as condensation and
progressive deterioration pipes, joints, window seals, and even facade
cladding. These later effects could alsc result in airborne salt-spray
deposition on internal concrete surfaces.

Overall the environmental considerations may be summarised as follows
(refer also to Fig. 2.2):

a) The external concrete is presently exposed to coastal, saline

environments conducive to chloride-induced corrosion;

b) Internal environments are conducive to carbonation of the
concrete, but corrosion of reinforcement is at present unlikely to
proceed at a significant rate owing to, at worst, only localised
wetting;

c) The potential exist for indoor concrete, carbonated during the
station's operating life, to support increased corrosion rates
later in the overall service period.

2.3 Sampling and Testing

‘At stations available for the work, surveys began with planning visits
for discussions with staff, selection of specific work locations and to
facilitate preparation of survey specifications. As identified above,
exposure and performance of the concrete were expected to differ
significantly in external and internal environments, so areas of both
externally and internally exposed concrete were selected.

Following preliminary visits, the surveys were performed including the
following main categories of work, (Fig. 2.3).

a) visual inspection
b) non-destructive testing (N.D.T) in-situ
c) sampling and laboratory testing

Data was collected using the following N.D.T. and sampling techniques,
to estimate present and future extents of corrosion.

a) Reinforcement Potentials: Non-destructive measurement of
electrochemical potential of reinforcement in concrete using the
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potential-wheel technique of surface scanning, as in fig 2.4;
enables the present extent of corrosion activation to be
estimated.

Depth of cover to reinforcement: Non-destructive measurement by
electromagnetic ‘'covermeter', to locate reinforcement and estimate
its diameter and the thickness of concrete cover

Chloride content profile: Measured by incrementally collecting
dust drillings, and subsequent chemical analysis. The resultant
profiles of chloride concentration against depth into the concrete
were then mathematically analysed to obtain the parameters
necessary for estimating the chloride concentrations likely to
accumulate at reinforcement depth over the timescales of interest,
as in Fig. 2.5.

Depth of carbonation: measured by drilling or otherwise forming a
shallow hole in the concrete surface and spraying a freshly
fractured surface with a chemical indicator solution. Data
collected were then compared with depth of cover results, and used
to predict when carbonation would penetrate to reinforcement (Fig.
2.6).

Concrete Resistivity, measured non-destructively by Wenner 4-Probe
method, at each selected survey location.

Moisture Content, measured by analysis of incrementally collected
dust drilling.

Laboratory tests on core samples, including water absorption and
oxygen diffusivity.

Summary of Results

From surveys undertaken and the analysis of results, the following
results have emerged.

a)

b)

c)

d)

Whilst there was little if any reinforcement corrosion underway in
internally exposed concrete, some externally exposed structures
displayed various forms of cracking and spalling, either where
cover was low, or in very severe local environments.

Chloride concentrations affecting reinforcement were generally low
in internal concretes as expected. Some external concretes,
however, contained appreciable concentrations of chloride; this
data enabled prediction of the onset of chloride-induced
corrosion.

Depths of carbonation were negligible in external concrete, but up
to SOmm 1in internal concrete, which was in excess of some
reinforcement cover depths measured. This indicates that
carbonation 1is 1likely to have penetrated to reinforcement in a
percentage of the concrete and to have caused corrosion
initiation. This extent of initiation is 1likely to increase
considerably over the structures' total lifespan as a result of
continuing carbonation penetration.

The consequent rates of corrosion propogation are likely to be
high 1in external concretes, based on damage observations and
N.D.T. results, Internal concrete may support corrosion rates of
long-term significance if moisture penetration into the indoor
environment 1is permitted to increase, which could be expected to
occur with progressive ageing of the various building components.
This should be taken into account in ongoing maintenance and
planning of decommissioning operations.
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3. LONG TERM STABILITY OF NUCLEAR POWER STATION BUILDINGS

3.1 Material Behaviour of Reinforced Concrete

The single components of the composite material concrete and reinforce-
ment have to fuifill different mechanical functions. The compressive forces
are beared by the concrete and the tensile forces by the steel. To guaran-
tee a long-term functioning of the composite material, in general the prop-
erties of both parts have to maintain. Due to the concrete this means avoid-
ing severe deteriorations by carbonation and concrete corrosion and due to
the steel avoiding severe attack by steel corrosion, as already is referred
to in detail in chapter 2.

It is assumed that the concrete of the investigated plants, built in
the FRG, has been manufactured according to the German standards DIN 1045
and DIN 1084. Hereby a high-quality concrete with a great strength and den-
sity is produced, based on specified requirements of the chosen concrete
receipt. The base for the classification of concrete is the 28-day cube
strength. On principle the strength increases till the final strength is
reached. This will be obtained under the presence of sufficient humidity
after some years. In the literature the increasing of strength was measured
on a 30 years old structural member as example about more than 30 %. The
development of strength is brought to an end at this time. The influence
of humidity on the development of strength is shown in Figure 3.1.

For the long-term deformation behaviour the viscous-elastic property
has to be considered. Shrinkage as well as creep of the concrete have also
been brought to an end during the operational state of the plant. The creep-
ability diminishes with increasing concrete age as a result of the harden-
ing process.

Not only the strength but also the modulus of elasticity increases
with time.

The influence of humidity on the deformation behaviour of concrete ef-
fects that concrete, which is under humid conditions all the time compared
to a dryed out concrete has a higher creep capacity.

The durability of the composite material, in fact, is one of the most
sensitive questions when looking after the long-term stability of concrete
structural elements.

In general the concrete will carbonate only in the outer layer even
after 100 years. It can be expected that concrete structural members will
reach depths of carbonation of some centimeters after decades, see Figure
3.2,

Carbonation of concrete effects in the outer layers an increasing of
its strength, the compressive as well as the tensile. Nevertheless the car-
bonation is important because of altering the protection for the steel from
corrosion. By carbonation the steel may depassivate. If the environmental
conditions will stimulate steel corrosion, this will lead to diminishing
the bearing capacity of the cross section.

Structural concrete members protected against normal meteorological
conditions, which means they are subjected to a more dry climate, are eas-
ier attacked by carbonation than in a moist climate. In this climate, how-
ever, electrochemical steel corrosion hardly will occur. Under such condi-
tions deterioration of the composite material may scarcely occur. Only if
the meteorological conditions often change damage of the composite material
is to be suspected.

3.2 Selection and Assessment of Structural Concrete Elements

The research on long-term performance of structural elements of rein-
forced concrete and prestressed concrete of the reactor building of a nu-
clear power plant (NPP) is done to two different types of plants, built in
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the Federal Republic of Germany.

These are the reactor buildings of a pressurized water reactor-station
(PWR station) and of a boiled water reactor-station (BWR station). Both
types of plant represent the actual state of technique. In the following
to the PWR-reactor building 1is referred.

It is presumed that the plant will be correctly put out of commission
after 40 years of operation. It is further presumed that the regarded reac-
tor building has to fulfill its function due to stability even the follow-
ing 100 years after decommissioning.

The main PWR structural elements which have been selected and investi-
gated are the secondary containment, the reinforced concrete calotte shell
bearing the steel containment, the lower part of the circle wall outside
the steel containment and the foundation plate, see Figure 3.3. The whole
reactor building is very bulky and its secondary containment is moreover
bearing as a shell. This secondary containment has to be investigated for
it is the only structural element, which is directly exposed on its outside
to meteorological conditions.

In the following these selected PWR concrete structural elements are
discussed according to their stability after decommissioning.

The design and the dimensioning of the secondary containment 1s more-
over based upon the extraordinary loadcases due to aircraft impact, earth-
quake as well as pressure waves from chemical reactions. After decommissio-
ning the secondary containment is almost stable even with minimum reinforce-
ment while the compressive strength of the concrete 1s utilized with a
range of less than 10 percent with regard to its dead load.

Extrapolation of damages due to meteorological conditions lead to ero-
sions of at the most a few millimeters only.

Presuming even bad environmental conditions, it is unlikely that the
stability of this structural element 13 endangered during the whole time.
It seems to be sufficient to undertake regular visual checks. Eventually
these checks will show, that itemized tests are necessary.

The lower part of the circle wall as well as the concrete calotte
shell are designed for some load cases beside the operating state, e.g.
earthquake, pressure test of the steel containment.

The mainly loaded reinforcement in the upper section of the investiga-
ted circle wall, where it i3 fixed in the calotte shell, is only stressed
at a range of about 25 percent of the allowable stress during the operation-
al state. In the remaining areas the circle wall is almost only subjected
to compressive forces with a maximum utilization of about 20 percent. It
can be concluded that visual checks are sufficient enough maintaining the
stability of the circle wall.

In contrary to the circle wall the reinforcement of the calotte shell
will be utilized strongly already by dead load. The areas of highest strain
are the upper radial reinforcement, these are the fixing points at the cen-
tre and at the change-over to the circle wall, as well as the radial and
tangential bottom reinforcement.

Nevertheless it will be suggested to undertake routine visual checks
and - dependent on this results - carbonation depth measurements. In any
case damages like cracks or concrete spallings have to be repaired.

The foundation plate is designed for great extraordinary load cases,
too. The reinforcement 1is utilized during the operational state 1locally
up to about 80 percent. Monitoring the foundation plate is already handicap-
ed by its position.

For having great reserves in stability it 1s obviously sufficient mak-
ing random test in great intervals. It 1is proposed to check the outer seal-

ing construction once in a decade or dependent on the state in different
intervals.
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3.3 Recommendations and Monitoring

Basing upon the general behaviour of concrete and reinforcement steel
and regarding the long-term performance of these materials it can be con-
cluded that the investigated NPPs, which have been constructed under the
use of these materials with a very high quality grade and regarding strict
manufacture requirements, will reach a very high 1life time.

Even for the proposed long period of 100 years after decommissioning
it can be established, that the regarded NPPs will maintain a sufficient
stability presuming the application of monitoring procedures.

It is recommended to apply these monitoring procedures periodically
on the main structural elements, which are responsible for the stability
of the buildings:

- Visual checks gaining a rough survey over the whole buildings and de-
tecting corrosion endangered areas.

- Taking core samples as random tests of well-chosen areas, where pre-
cise results are indispensable.

- Nondestructive tests, checking the concrete quality confirming
strength, carbonation depth and concentration of chloride. Some suitable
test methods are for instance UPV-tests, percussion drilling and colour-
indicator tests as well as concrete cover measurements. Hence, steady de-
formation measurements should be applied at some relevant places.

Generally it 1s recommended for all inner structural concrete elements
and especially for those, which are located in not accessible areas, to
maintain moreover unchanged dry climatic and thus corrosion retarding con-
ditions.

y, LONG-TERM TIGHTNESS OF REACTOR CONTAINMENTS

4.1 Classification and Assessment of Damage Caused by Corrosion

After decommissioning nuclear facilities it is essential, too, in view
of contaminated or activated components, to guarantee the long-term leak-
tightness of the PWR steel containment or BWR steel liner and to assure
integrity of important structures up to ultimate demolition of the plant.
Therefore, with regard to safe enclosure over a long period, knowledge of
possible 1long-term damage, especially as a result of corrosion at the
steel containment, of possibilities of detecting such damage and of the
long-term behaviour of sealing constructions is of decisive importance.

.The investigations considered the reactor buildings and containments
of German boiling-water and pressurized-water reactors. The investigation
and assessment of the damage caused by corrosion was limited to the fol-
lowing areas which were classified as risk areas with regard to long-term
corrosion risk:

- Mounting zone of steel containments of pressurized-water reactors (Fig-

ure 4.1, Marking Y).

- Areas of the steel containments of pressurized-water reactors 1like

adjoining platforms (Figure 4.1, Marking X).

- Penetrations through the containments of pressurized-water reactors

(Figure 4.1, Marking 2).

- Steel liner of boiling-water reactors inside the pressure suppression

pool (Figure 4.2).

Apart from condensation water, cleaning water and reactor water were
included in the considerations as corrosive medium. The results obtained
for the given boundary conditions indicate that the occurrence of shallow
pit corrosion and pitting corrosion has not yet been observed in detected
damage cases.
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For the materials and medium conditions used here, values of between
0.09 mm/a and 0.3 mm/a were found in literature for mass loss rates respec-
tively erosion rates resulting from surface corrosion. Data on the corro-
sion velocity of shallow pit corrosion and pitting corrosion are generally
not very reliable since they frequently depend on non-definable local con-
ditions such as partly disturbed surface areas, e.g. in gaps, porosity of
anticorrosive coatings etc. and cannot be described by specific laws. At
local points, this means that metal can be eroded quickly and that the cor-
rosion velocity can be many times the corrosion velocity of surface corro-
sion.

As determined within the scope of the investigations to evaluate and
classify corrosion damages, the integrity of the containment in the area
of the elastic bedding (Figure #4.3) and in other areas classified as risk
areas can only be assured for the long period in question if design, opera-
tional, monitoring and upgrading measures are taken during operation and
after decommissioning and if measures to dry the circulation air are imple-
mented after decommissioning.

4.2 Long-Term Behaviour of Plastic Seals

In the past, 1t was normal practice to use silicon rubber for the
seals of pipe penetrations through building sections or the containment as
discussed here.

Within the context of this reserach project, extensive thermal aging
tests were performed on 200 silicon samples (Figure U.Y4) over a period of
9000 hours at 25% compression strain. The results are given in Figure 4.5.
Comparative material tests were carried out in the as-new condition and
after aging.

On the basis of the evaluation and extrapolation of the results as
well as additional literature studies, it 1is possible to confirm that the
silicon material which is normally used to seal joints (at approx. 25% com-
pression and a maximum temperature load of 40 °C) will have a satisfactory
sealing function for many decades.

However, it is recommended that sealing points should be examined regu-
larly, e.g. every 5 years, since the processing conditions (humidity, tem-
perature, surface preparation etc.), which are not always constant, have
a decisive influence on the 1life of the silicon material.

4.3 Optimization of the Ultrasonic Testing Technique

In order to detect possible corrosion damage in non-accessible areas
such as the mounting zone of pressurized-water reactor containments, non-de-
structive tests were performed with the ultrasonic test technique.

These investigations showed that sufficiently pitted corrosion points
already must exist for non-destructive tests using the ultrasonic test tech-
nique. In non-accessible areas it was possible to detect these corrosion
points with 45 ° angle beam search units within a range of up to 130 mm
from the upper edge of the mounting zone of the containment into the con-
crete (Figure U4.6).
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5. CONCLUSIONS

Generally it is recommended for all inner structural elements and
especially those which are located in non-accessible areas to maintain
unchanged carbonation- and corrosion-retarding climatic conditions. Given
adequate monitoring procedures the durability and stability of the
reference plants is expected to be maintained at least for 100 years after
decommissioning; inspection and maintenance systems for the building
components should be set up in this respect.

Based upon the general behaviour of concrete and reinforcement steel
and regarding the long term performance of these materials it can be
concluded that the investigated NPPs, which have been constructed from
these materials with a very high quality grade and observing strict
manufacturing requirements, will achieve very long lifetimes. Even for the
proposed long period of 100 vyears after decommissioning, it can be
established that the regarded NPPs will maintain a sufficient stability,
presuming the application of monitoring procedures.

In view of contaminated or activated components, it is essential to
guarantee leak-tightness of the steel containment or steel liner and to
assure integrity of important structures up to ultimate demolition of the
plant. For the 100 year period in question after decommisioning, the type
and extent of corrosion damage are discussed for areas classified as
potential risk areas and a combination of design, operational and
maintenance measures to assure and maintain enclosure is recommended
together with monitoring and conservation.
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CONSEQUENCES OF SUPPRESSION OF NEGATIVE PRESSURE
IN THE KW-LINGEN CONTAINMENT

Harbecke, W.
Kernkraftwerk Lingen

D 4450 Lingen, W.-Germany

ABSTRACT

Since the beginning of 1988 the status of the
Lingen-Plant has been that of SE (Save Enclosure). The
aim of this work is to point out the behaviour of the
plant in respect to the air exchange to the environment
and the global situation inside the plant.

1. INTRODUCTION
The turnkey construction of the AEG boiling-water

reaktorplant KWL (Kernkraftwerk Lingen) started in 1964. The
plant was operated from October 1968 till January 1977.
During its 1lifetime the 255 MW (net) power station produced
11E9 kWh of electric power. The plant was of a special
design: it was fitted with two steam transformers, providing
non-active secundary steam. The secundary steam was fed to a
gasfired superheater and heated up to 530 °C. Therefore the
turbine-hall was a non-active area.

2. TOPICS OF THE PROGRAMME

It is common practice to maintain a negative pressure in
the containment of shut-down nuclear reactors to avoid a
transfer of radioactivity to the outside. The objective of
this investigation was to assess, from the standpoint of
radiation protection of the environment, the acceptibility of
suppressing the ventilation. The Lingen SE is operated with a
small off-air system.

3. TOPICS OF THE SE
" The Lingen SE includes the reactor building, the

auxiliary building and the connecting building with the
annulus.

Inventory of radioactive material

I. operational waste

resins 1.8E14
filtering powder 2.2E12
concentrates (fixed) 1.3E12
other waste 2.5E10

II. system surfaces
systems in the auxiliary build. 1.4E10
systems in the reactor building 2.1E13
III. building surfaces

g5 B8 2% BERR

auxiliary building 1.7E08

reactor building 1.7E09
IV. reactor pressurevessel

vessel 2.2E15

vessel intermnals 5.6El5
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V. core interiors

controlrods 5.0E14 Bg

poison blades 3.0E14 Bg

fuelelement cases 3.0E14 Bq
VI. biological shield

concrete, liner, etc. 5.1E11 Bg

total inventory: 9.5El15 Bq

the elevant jtems

all liquids are removed

there is only one entrance

there is one off-air duct

there is one pipe for the release of
condensate (if in defined activity values)

Within the SE one circulating air system with a drying
system and an off-air system with a HEPA filter is in
operation. The main dates are as follows:

- amount of circulated air: 2500 m~3/h

- condensed water from the drying system is collected
in tanks

- off-air rate ca. 500 m*3/h

4. MEASURING PROGRAMME
Aerosol Activity

Probes of the circulating air were taken on filters and
measured. The results are shown in table I.
Condensed Water

The circulating air is dryed by a cooling system. The
condensed water is fed into two tanks. Probes from the water
were taken and measured (Tritium, Cs, Co). The monthly amount
of water is shown in figure 1, the activity in table 2.
Temperatures and Moisture

At three levels of each building (top, middle and
bottom) and outside the plant, readings were taken. Two
examples are shown in figures 2 and 3.
Wind Velocity

wind causes a negative pressure on the opposite side of
a building. To calculate the leakages due to this effect,
wind velocity is classified as a percentage of time and speed
range. An example is shown in figure 4.
Alr Leakages

The leakage is a non - linear function of pressure
difference. The function is measured every year and shown in
figure 5. It must be pointed out, that the curve includes the
leakage of the total area of the SE.

5. CALCULATIONS
For the calculation of the air exchange to the
environment some simplifications were necessary:
- it is assumed, that the leakages were spread
homogenieously over the SR
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- only 50% of the leakages are on the wind-opposite
front of the buildings
- the negative pressure forced by wind is calculated
p (pa) = d¥mv? with m = 1.288kg/m"3 and v = wind
velocity (m/s).
The calculation is done twice:
a) with the negative pressure of about 10 pa due to the
operation of the off-air system
b) without the negative pressure
The results are shown in figure 6.

6. ACTIVITY RELEASES

With the help of the calculated leakage, the measured
off-air rate and the measured activity-dates, the activity
releases to the environment were calculated.

There are two facts to consider:

Air, leaving the SE via the stack is filtered. The
aerosol activity is reduced by a factor of about 10E3 (in the
calculation a factor of 500 is used) while the tritium
activity is nearly unchanged (only the water content of the
air 1is reduced because the off-air stream is taken from the
dry end of the circulating system).

Air, leaving the SE via leakages is unchanged.

The results of the calculation are shown in figure 7

7. DISCUSSION OF THE RESULTS

The activity releases to the environment are very small.
They can be determined only by calculation. It was found that
the aerosol releases with negative pressure (10 pa) are in
the range of 10E3 to 10e4 Bq per year. The tritium output is
in the order of 10E8 Bq per year.

Without negative pressure, the aerosol releases are
higher by a factor of two, and the tritium releases are lower
by a factor of two than with negative pressure.

Because of the absolute small figures it can be said the
negative pressure would not be necessary in the case of KWL,
that means in a plant with a small activity-level inside the
SE..

Without the necessity of operating an off-air system all
the time, it would perhaps be possible to run the system only
when the outside atmosphere is dry, to avoid sucking wet air
into the plant. It maybe that this will save having a drying
system.



Table I:

Aerosol Activity (Circulating System)

Measuring Isotopes:
Period Ca-137 Co-60 Total £/ ¢
(Bq/n ) (Bq/n ) (Bqm’)
January 3.6E 4.7E-5 3.0€e-3
February B8.1E J.4E-5 2.7E-3
March 2.2E 2.6E-5 2.2E-3
April 8.0E 4.3E-5 3.9€e-3
May < NWG <NWG 4.7€E-3
June  NWG <NWG 4.7€-3
July < NWG <NWG 4.9E-13
August <NWG <NWG 5.3g-3
September 2.4E-S 1.3E-5 5.4E-3
October < NWG <NWG 4.6E-3
November 4.3E-5 <NWG 3.5E-]
December 2.3E-5S 8.7e-5 3.7€e-3
Table II: Actavity of Condensate
Measuring Isotopes:
Period H-3 Ca-137 Co-60
(Bq/w’ ) (Bq/mw ) (Bq/n )
January 1.6E6 2.3E3 4.8E)]
February 2.0E6 1.1E4 6.8E3
March 1.7€6 6.1E3 3.3E3
Apral 1.7E6 7.8E3 2.5E3
May 1.5E6 4.5E3 3J.4E3
June 1.6E6 4.5E3 3.4E3
July 1.6E6 6.1E3 1.0E4
August 1.8E6 5.4E3 2.1E3
September 2.186 < NWG < NWG
October 2,.2E6 1.6E3 8.4E2
November 2.6E6 7.6E3 2.7E3
December 2,.3E6 6.1E3 1.2E3

NWG = detection limit
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THE POTENTIAU RADIOLOGICAL CONSEQUENCES OF DEFERRING THE FINAL
DISMANTLING OF A MAGNOX NUCLEAR POWER STATION

Paul B. Woollam
National Power Division of the Central Electricity Generating Board,
Technology Division,
Berkeley Nuclear Laboratories,
Gloucestershire, GL13 9PB, UK.

ABSTRACT

It is proposed that final dismantling of National Power's
nuclear stations be deferred to take advantage of natural decay of
residual radioactivity. A deferment of 100 to 130 years would
reduce the dose commitment to dismantling staff as far as practic-
able and remove the need to depend on robotic systems. This in
turn would lead to very significant cost savings, especially when
totalled over all National Power's Magnox stations.

However, the possibility must be considered that residual
radioactivity from the structure might return to man during the
deferment period, mainly through rainwater leakage and transport
through the groundwater system but also through airborne releases.
The principal objective in assessing such safety issues is to
examine the engineering standards required of the residual
structure: Dungeness 'A' presents a limiting case since it is the
only National Power nuclear site built on an aquifer from which
large quantities of water are extracted for the nearby
population.

This paper first determines the potential radiological conse-
quences which might result from possible leakage of radioactive
materials from the reactor structure if final dismantling were to
be deferred. It then discusses any engineering constraints which
these radiological consequences might impose.

1. INTRODUCTION

When it is no longer economic to maintain the National Power's nuclear
power stations to their current high safety standards, the reactors will be
safely shutdown and decommissioned. National Power is developing detailed
engineering plans for the decommissioning of its earliest nuclear plant:
the. steel pressure vessel Magnox reactors. This work will follow the three
internationally accepted stages: the first two will involve defuelling the
reactors and then dismantling all plant and buildings external to the 2 m
thick reinforced concrete bioshields. Almost all of the original site would
then be available for re-use if required. The third stage will be the
dismantling of the two reactor islands, including the concrete shields,
steel pressure vessels and graphite cores.

Stages 1 and 2 of decommissioning are expected to be complete within 10
to 15y, including a 5 y period to defuel the reactors: this will remove
99.99% of the radioactivity which was on site whilst the reactors were
running. The timing of Stage 3, complete reactor island dismantling, will
depend on a number of factors, including balancing the need to re-use the
site against the advantages of allowing residual radioactivity in the
stucture to decay.

If final dismantling is deferred, it is intended that the residual
reactor buildings would be maintained in a sealed, weathertight condition,
and it is confidently expected that this can be achieved. This paper
reports National Power investigations of the potential consequences of any
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failure in this containment during the deferral period using, as a
demonstration of the robustness of the radiological case for deferment, some
extreme hypothetical scenarios in which the nuclear islands are assumed to
have collapsed. No initiating event can be foreseen for such an occurrence
and, clearly, this paper is not intended to imply that such a situation
would ever be allowed to develop. On purely radiological grounds it would
be most sensible to defer final dismantling for a period of up to about

130 y to take advantage of natural radioactive decay. However, again to
demonstrate the robustness of the case for deferment, this investigation
considers radiological consequences over a time period which is roughly one
order of magnitude both greater and smaller than the 130 y optimum.

If final dismantling of National Power's Magnox reactors were to be
deferred, the dose commitment to dismantling staff would be reduced as far
as practicable, thus complying with the spirit of the ALARP principle. Dose
rates inside a Magnox reactor, as a function of time, are shown in Figure 1.
It would also reduce the need to rely on robotic systems for dismantling and
the cost savings to the electricity consumers would be very significant,
particularly totalling the savings over all National Power's Magnox
stations. A further possible reason for deferring Stage 3 decommissioning
might be that, for political rather than technical or safety reasons, no
disposal routes were immediately available for the radioactive waste. 1In
this eventuality the material would remain on site, within the existing
gecure contalnment afforded by the reinforced bioshields.

During any deferral period National Power would remain responsible for
the site and for the residual radioactive material contained within the
existing shields. These have walls which are 2 m thick and 6 m thick roofs.
It is easily shown that the dose equivalent rate to a person standing just
outside the shield concrete, resulting from residual radioactivity in the
structure, is about 107 of that from the local natural background. Because
of the construction of the concrete shields, which are massively reinforced
on both faces, it is not feasible for unauthorised access to be gained to
the reactor structures without the use of very sophisticated cutting
technology. For the same reason the structures would not present a
worthwhile target for attack by extremist groups.

However, if a decommissioned Magnox reactor were to be left for an
extended period before dismantling, the possibility that residual radio-
activity from the structure might be transferred to the groundwater system
must be considered. The most likely route for radioactive materials to
transport into the groundwater is rain leakage through discontinuities
which might eventually form in the top shield, followed by corrosion of the
radioactive structure and subsequent leakage of contaminated water through
similar discontinuities in the foundation raft. The principal objective in
assessing such safety issues is to examine the engineering standards
required of the structure during the period for which final dismantling is
deferred. The degree of containment which i8 necessary, and the time period
over which such containment might be required, are primary inputs to the
process of deciding whether it is radiologically acceptable to defer Stage 3
dismantling. Dungeness in Kent presents a limiting case in such an
assessment since it is the only National Power nuclear site built on an
aquifer from which large quantities of drinking water are extracted for the
nearby population.

National Power's investigation set out to determine the radiation
exposure which might result from the transfer of radioactive materials from
the two Magnox reactor structures to the Dungeness aquifer in the event that
final dismantling were to be deferred and the reactor containment to fail.
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It also assesses the radiological consequences of gaseous discharges from
oxidation of the graphite cores for those radiocactive isotopes where atmos-
pheric release is likely to be the major route by which radiocactivity
returns to man.

2. BASIS OF THE ASSESSMENT

The radioactivity inventory of the Dungeness 'A' Magnox reactors is
based on a series of complex neutron transport calculations (1) confirmed by
measurement (2). A careful and systematic check of all 2600 known
isotopes (3) showed that nothing significant had been overlooked in
determining the inventory. The long term peak dose rates inside the
structure 130 y after final reactor shutdown are expected to be 3 pSv h!,
allowing manaccess in excess of 30 h week™l to set up and maintain
dismantling equipment. These peak dose rates occur in the interspace
between the pressure vessel and the
core restraint structure and come 1000
from the isotopes Ag~108m and Nb-94
(see Figure 1). The total
radioactive inventory of a reactor
100 y after shutdown is dominated,
in simple numerical terms, by C-1l4
and Ni-63. Both isotopes are beta-
emitters with low energy endpoints;
their contribution to the whole body
dose rate experienced by dismantling
workers is negligible. The only
plant likely to be contaminated with
actinides or fission products is the
spent fuel storage pond and the
radioactive effluent treatment
plant. These facilities are
expected to be decontaminated and
dismantled during Stage 2 of
decommissioning, as soon as
practicable after all the fuel has
been dispatched for reprocessing.
Rainwater ingress to the reactor
island is modelled by assuming that o001
the water leakage rate Increases
linearly with time after the
structure 1s first breached. The | | \ \ [
nodel has been applied to extreme B ol :&w;ﬁi(xfn;“
situations and allows for different
breaching times for both the
concrete shields and the steel

100

Side-of-core dose equivalent rates (mSv h™')

pressure vessel, together with Figure 1: Reduction with time in
different water ingress rates and, the maximum dose rate to
eventually, different times at which a dismantling engineer

both parts of the structure finally
collapse. It also assumes that both reactor islands breach and collapse
simultaneously. This extreme treatment of the time dependence of possible
structural failure allows an assessment to be made of the engineering
standards necessary to contaln the radiological consequences of rainwater
ingress below particular limits.

The release to water of many of the radionuclides present in the
nuclear island structures is limited by their solubility in water (which is
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strongly dependent on the local aqueous chemistry), and not by the bulk
corrosion rate of the materials in which they were activated. PFor these
particular radionuclides this assessment has therefore applied the concept
of a solubility limited release rate. The release rates to water of three
other isotopes (C-14 and H-3, for which gaseous transfer to man is dominant,
and C1-36, which is highly soluble) are however assumed to depend on their
leach rates (4): these are not solubility limited. The dominant source of
these isotopes is the graphite moderator.

Groundwater transport parameters used in the model to determine
radiocactivity transport within the aquifer are available from detailed
hydrogeological surveys, undertaken by the Southern Water Authority (5), of
the aquifer on which Dungeness power station is sited. The nearest well is
about 500 m from the Magnox reactors and the whole 14 km? aquifer system in
1982 supplied 2.3 x 10% m3 y~! to properties along the south coast of
England. Figure 2 shows the location of the wells in relation to the power
station. An important parameter in groundwater radioactivity transport
assessments 1s the retardation coefficient which describes the ability of
the rock medium to hold up a particular radionuclide until it has decayed.
This parameter is critically dependent on the chemistry of the rock and the

T
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Figure 2: The Dungeness area, showing the reactors relative to
the wells and the houses

water, thus measurements have been made by National Power to determine
retardation coefficients for several important isotopes under the conditions
prevailing in the aquifer.

Not all of the radioactive isotopes in the decommissioned structures
have the aquifer as their principal route for returning to man. C-14 and
H-3, predominatly found in the graphite, will be released to the atmosphere
rather than the aquifer. A detailed methodology is available (6) for
assessing the annual dose to the most exposed individual from continuous
aerial releases of these two isotopes. Site specific studies show that the
most exposed individuals live in ten coastguard cottages to the NNE of the
Dungeness site.

Further details of the overall methodologies used in this work are
presented elsewhere (7).
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3. RADIOLOGICAL CONSEQUENCES
Using the data outlined above, the radiological consequences of

deferring Stage 3 decommissioning of Dungeness 'A' nuclear power station

were determined for three basic scenarios:

i) That 15 y after final shutdown the nuclear island concrete starts to
leak at a slow rate which increases with time until the shields and
vessels eventually collapse at some distant, but defined, point in the
future.

11) That following Stage 2 dismantling the nuclear islands will receive a
treatment, or cover, of such quality that there will be no possibility
of leaks over an initial extended period, taken here to be 500 y.
After this time it is assumed that the degradation processes used in
scenario 1 will apply, leading to eventual collapse. Comparison
between the consequences of scenarios 1 and 2 will show whether it is
radiologically justifiable to spend significant sums on superlative
engineered protection at the start of the deferment period.

111) That the entire nuclear island, pressure vessel and core collapse
completely at the end of the Stage 2 process, 15 y after final shut-
down; this clearly is the maximum possible fault situation. It has
been considered here even though no credible initiating event can be
foreseen.

The radiological consequences of these scenarios were assessed for a period

of 1500 y following the time when the biloshield concrete is first breached.

It is intended that the results should be best estimates, thus all the

important input data specifically apply to the Dungeness case.

3.1 Scenario 1l: Early Leakage

Figure 3 shows the total individual dose rate to people living in the
coastguard cottages and drinking the aquifer water i1if the bioshilelds and
pressure vessels of the two reactors are breached 15 y after shutdown and
eventually collapse at times between 250 and 2000 y later. A peak dose rate
of 0.5 uSv y'1 exists for a period ¢f 500 y following the time when the
system collapses. Outside this peak the dose rates are 0.2 pSv y 1.
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Individual dose rate (uSvy™)

TC: time when the structure collapses (years)

1 1 1 1 1
200 400 600 800 1000 1200 1400
Time from final shutdown (years)

Figure 3: Variation in individual dose rate with time if rainwater starts
to leak into the reactors 15 y after shutdown.
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For the case of
collapse after 500 y,
Figure 4 shows how the

dose rate depends on the
various isotopes leaching
from the reactors. The / \ Total

long term dose rate of
0.2 pSv y~! comes 10+
principally from Cl-36
released to the aquifer
and C-14 released to the
air: both isotopes
originate in the graphite.
The peak in the dose rate
curve is formed by Ca-41,
again leached from the
graphite at a rate limited
by its solubility.
Contributions from the
long lived metallic
species Ni-59, Ni-63,
Nb-94 and Ag-108m are much
lower, limited by their
solubilities and, for
Ag-108m and Ni-63, their
half lives.

Rl 8

Ni-59
Nb-94

Individual dose rate (pSvy™

1074

3.2 Scenario 2: Late

600
Leakage 400 800 1200 1
mg_c-enario is Time from final shutdown (years)

identical to scenario 1,

except that it is assumed

that some exceptional Figure 4: Contributions to dose rate
engineering treatment has from different isotopes

been applied to the

nuclear islands to prevent water ingress until 500 y after shutdown. The
results show that the dose rate picture is very similar to the first
scenario. This of course is not surprising, since from the previous
discugsion it is clear that the dose rates are controlled by the long lived
isotopes C-14, Cl1-36 and Ca-4l. Over any period for which total and
complete containment might be credible the radiocactivities of these isotopes
will scarcely change.

3.3 Scenario 3: Early Complete Collapse

In the third scenario, the nuclear islands are assumed to collapse
completely following Stage 2 of decommissioning, thus allowing rainwater
access to the entire structure 15 y after shutdown. It is not possible to
foregee a credible initiating event for this scenario. The resultant dose
rates are shown in Figure 5, where 1t can be seen that the peak occurs 130 y
after shutdown at 0.7 uSv y~l. The dose rate then drops slowly to the level
found in the previous scenarios, 0.5 uSv y'l, until 700 y after shutdown it
falls to the long term level of 0.2 pSv y~l. The peaked form of the dose
rate variation comes from the contributions, at 135 y decay, of Ni-63 (0.2
uSv y"l) and Ag-108m (0.02 uSv y'l) which have decayed before the major
releases start in the previous two scenarios. It is clear that, even with
the bioshields collapsing just 15 y after shutdown, the short lived nuclides
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such as Co-60, Fe-55 and H-3 do not contribute any major increase in dose
rate to the local population.

08}

04

0.2

Individual dose rate (pSv y™)

1 1
700 200 %00 800 1000 1200
Time trom tinal shutdown ( years)

Figure 3: Variation in individual dose rate with time if the whole reactor
collapses completely 15 y after shutdown.

4, ENGINEERING CONSIDERATIONS AND UNCERTAINTIES

The best estimate data used here lead to the very clear conclusion that
the radiological consequences of deferring Stage 3 dismantling are very
slight.

Considering first the release of radioactivity to the air (which is
independent of the various water ingress and structure collapse scenarios),
we find resultant dose rates of 0.1 uSv y'l, from the two Magnox reactors,
to the most exposed individual who lives in the coastguard cottages to the
NNE of the power station site. This is almost entirely due to C-14 from
the graphite. Release rates of C-14 to the air are based on measurements
of the transfer of this isotope from Dungeness moderator graphite samples
to water, under a variety of chemical conditions. There is very little
uncertainty on the specific activity of C-14 in moderator graphite.
However, the natural C-14 dose rate to the people in the cottages is about
50 times higher than the dose rate from airborne releases from the two
decommissioned reactors.

If the two Magnox reactors both collapsed completely just 15 y after
shutdown, the best estimate peak dose rate to water consumers would be
0.6 usv y~l, 120 y later. A similar collapse after 250 y decay would lead
to a peak dose rate of 0.5 uSv y~l. The peak dose rate from the
decommissioned reactors, through the aquifer route, is controlled by Cl-36
and Ca-41, both originating in the graphite cores. Ca-4l1 releases are
solubility limited and so it is unlikely that this isotope could be
released faster than the model predicts. It is assumed that C1-36 is
released at the same rate as the bulk corrosion rate of the graphite (4).
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The bulk corrosion rate was determined, as described earlier, by measuring
the leach rate to water of C-14 from samples of irradiated Dungeness
graphite moderator. At this rate Cl-36 contributes 0.14 pSv y~! to the dose
rate to water consumers, or some 252 of the total dose rate from the two
decommissioned reactors.

From Figure 4 it can be seen that uncertainties in the parameters
relating to any of the other isotopes considered here would need to be very
large to affect significantly the outcome of this study. Indeed most of
the isotopes considered lead to dose rates far below the lowest
(10-° uSv y~!) shown in Figure 4.

All the hydrogeological parameters used in this work have been measured
for the aquifer: the results presented here are best estimates based on real
data. The results are relatively independent of some of the parameters, for
example the ground water velocity, because the half lives of the critical
isotopes are so long. However, it is implicitly assumed that the water
table slopes from reactor to well: in fact in recent years this has been
the case only for very limited periods, certainly not continuously.

Figure 2 shows typical groundwater levels around the Dungeness site.

Clearly when the slope 18 seawards no radioactivity will reach the well but,
over the time periods considered here, we cannot be sure that the water
table will not permanently slope, as assumed here, in the critical direction
from reactor to well.

Comparison between the various scenarios described in this report shows
that there is little to be gained radiologically by cladding the residual
nuclear buildings or by extensive engineered sealing techniques. The pesk
dose rates resulting from collapse after a 500 y totally sealed period are
the same as those following a collapse after the reactor islands have leaked
continuously following Stage 2 dismantling. Indeed the dose rates following
a total collapse just 15 y after shutdown are only a little higher than
those found following a collapse many centuries into the future. This leads
to the fundamental conclusion that the very long lived isotopes considered
here will eventually transport back to man from any engineered surface
repository or store. In the deferred Stage 3 state, the majority of the
radioactivity is contained within a 100 mm thick steel shell inside a
2000 mm thick reinforced concrete structure. This is an engineering system
which should be comparable, in the very long term, with near surface waste
disposal sites. The radiological consequences of waste management following
decommissioning will not therefore be reduced in practical terms by
dismantling the reactor structurea, putting them into boxes and placing
those boxes in a purpose built near surface repository. Thus the only
requirement on the residual structures is that any degradation during a
130 y period following shutdown does not result in holes sufficiently large
to allow people to enter the buildings.

The boiler units from the Magnox reactors are likely to be stored on
site during the period for which Stage 3 dismantling is deferred. Although
the radiological consequences of this option have not been explicitly
considered here, the resultant dose rates from leaching and radiocactivity
transfer to the aquifer can be compared with those from the residual nuclear
buildings. The isotopic distribution of material in the boilers is broadly
similar to that within the structure, since this is its origin having been
activated within the core and transferred to the boilers with the coolant
gas. It is expected that the boiler radioactivity levels will be about
0.01Z of those in the nuclear island, thus the contribution to the total
dose rate due to water and airborne radioactivity transport to the local
population will also be about 0.01X. The boilers are contained in 75 mm
thick steel shells, in which they will be stored, so their degradation rate
will be very similar to that of the 100 mm thick reactor pressure vessel.
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Early intrusion into the concrete shields will clearly result in
unacceptable dose rates; however very sophisticated cutting techniques would
be required to gain entry and, because the residual reactor structures are
above ground, it cannot be argued that unintentional intrusion is likely, at
least for the periods for which institutional controls are effective.
Unauthorised entry would lead to a situation where, 130 y after shutdown, an
individual would need to spend 500 hours each year in the vicinity of the
most active components to receive an exposure equal to that from natural
background. After about 500 y only Nb-94 will be important and this time
will rise to 1300 hours per year.

5. SUMMARY

The potential radiological consequences of deferring the final
dismantling of the two reactors of the Dungeness 'A' Magnox power station
are extremely small. If the concrete bioshield structures and steel
pressure vessels both start to leak 15 y after shutdown, at a slow but
increasing rate which leads to the eventual entire collapse of both nuclear
islands, the peak individual ingestion and inhalation dose rates to the
local population would be 0.5 pSv y~l. Even 1f the two complete nuclear
islands collapsed completely just 15 y after final reactor shutdown,
allowing rainwater access to the entire structure, peak dose rates to the
local population would be only 0.7 uSv y~l. The peak dose rate results
primarily from radioactivity returned to man through the aquifer on which
Dungeness power station is built. There is no radiological advantage in
applying extensive engineered sealing technology to the reactors at the
start of the deferment period. Even if such technology prevented water
ingress completely for 500 y, the eventual radiological consequences when
the system did leak would be the same as those from early leakage because
the half lives of the isotopes involved are very long.

The gamma dose rate at the outside of the concrete shields, resulting
from residual radiocactivity inside the nuclear island, is estimated to be
0.02 pSv y—l, 15 y after shutdown. There 18 therefore no radiological
reason to control public access to the outside of the two residual nuclear
islands, and the only engineering constraint on the residual structures is
that they should not degrade in such a manner that public access inside the
buildings becomes possible during the first 130 y following shutdown.
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ABSTRACT

The objective of the work programme is to develop a concept of data
bank for evaluating decommissioning cost and radiation exposure on
the basis of existing data. In the first step we have defined a metho-
dology for extrapolating experience relating to cost and occupatio-
nal radiation exposure, gained in the decommissioning of specific
installations (e.g. pilot dismantling projects), to the future de-
commissioning of various installations. In the second step we col-
lect existing and avajilable basic data.

1. INTRODUCTION AND OUTLINE OF TASKS

To date a host of results has been obtained and experience gathered
under the research and development projects on the decommissioning of nu-
clear power plants initiated and funded by the European Community. Gene-
rally, this knowledge is passed on via publications. However, handling
this information and using the data, in this form, as a basis for projec-
tions and extrapolations is very time-consuming. Accessibility of the data
can be considerably facilitated by establishing a database. This database
enables the user to find answers to specific questions within a very short
time or to get a general overview.

To take advantage of these features for evaluating the results and expe-
rience gained in decommissioning nuclear power plants, NIS Ingenieurge-
sellschaft mbH (light water reactors) and the Commissariat & 1'Energie
Atomique (CEA), IPSN/UDIN (gas-cooled reactors, reprocessing plants) are
developing a concept for a data base.

The decommissioning of nuclear power plants constitutes a area of research
in which very special questions arise. A general database comprising the
entire knowledge available in the field would therefore be extremely ex-
tensive. This is why two specific areas of information were selected in
developing the concept: the decommissioning cost and the radiation exposu-
re of the personnel during the decommissioning activities. This is inten-
ded to enable a statement on the cost to be expected and the radiation ex-
posure to be made in advance for future decommissioning projects.

The development of this database concept began with the following
questions:

- How can the decommissioning and disposal of nuclear power plants be sy-
stematized and structured?

- What data are required for extrapolating cost and radiation exposure?
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- How can such data be collected?

- How will these data have to be processed to permit conclusions to be
drawn as to future decommissioning activities?

2. SYSTEMATIZATION OF DECOMMISSIONING

The structure needed to assign the information to a clear-cut system
could be found by breaking down the decommissioning activities into va-
rious areas such as planning, dismantling, radiation protection and waste

management.
The further subdivision must be clear-cut, but at the same time flexible;
clear-cut in order to link a specific term to the associated information,

and flexible in order to be able to accomodate different approaches (e.g.
differences between nations).

As a result a list was finally drawn up comprising 8 sections (working
packages) and about 50 subgroups (see Figs. 1 and 2).

A more detailed structure was not useful as nuclear power plants require
an approach different from reprocessing plants. National conditions gover-
ning activities in nuclear areas also play a role here.
3. DATA RELEVANT TO DECOMMISSIONING

The information required to extrapolate cost and radiation exposure
can be divided into two large groups:

- general information providing the necessary background, including boun-
dary conditions needed for cost determination

- special information directly related to the extrapolation process.

The first group describing general information contains the following
data:

- general boundary conditions and regulations governing the decommissio-
ning of nuclear facilities, e.g.

* national and international atomic laws and regulations
* type of final storage facility available

« national licensing approach

» preferred decommissioning variants

« national working conditions, e.g. daily working hours, specific condi-
tions governing activities in controlled areas, personnel organization

- survey of the nuclear facility to be decommissioned
+ type of nuclear facility, type of nuclear power plant

+ plant parameters, e.g. power output, operating time, history of
operation
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¢ plant description, masses, volumes, surfaces, radioactive inventory.

The second group of information comprises the specifications needed for
the extrapolation of decommissioning data. They provide detailed informa-
tion on individual working steps and include

- specification of the activities to be carried out

- number and qualification of the personnel employed

~ description of the machines, equipment and devices used
- local conditions, local dose rate, spatial conditions

- working results

* manpower
¢ duration

e radiation exposure of personnel
+ cost

A reference value will be defined and supplied for each of the processes
or working steps described. A reference could be, for instance, the mass
of a component. A future user would then only have to substitute a diffe-
rent mass value in order to extrapolate a new cost figure.

A purely mathematical treatment of the data, however, would mostly lead to
results that give a wrong impression when cost and radiation dose were
evaluated. In cost calculations it is indeed possible with different in-
formation that results relating to identical activities differ, but are
still correct. In this case they are based on different premises or they
do not cover the same cost framework. Such problems can be avoided by des-
cribing the boundary conditions governing the cost figures, which are pro-
vided in the general information mentioned above.

In summary it can be said that the specific data about the individual wor-
king steps serve the purpose of direct mathematical extrapolation of
information. The general information serves to explain why a certain acti-
vity was performed one way rather than any other.

4. DATA COLLECTION AND EVALUATION

In any data collection activity one must first of all consider the
availability of appropriate data. In the present case there are three
sources (see Fig. 3):

- actual decommissioning projects

- EC research programme

- other publications.

The scope and level of detail of decommissioning data in publications dif-
fer widely. The first step in data collection was to develop a structure

in which different information could be integrated for uniform processing
at a later stage. To this end a standard data set was developed which is
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shown in Fig. 4. This standard data set encompasses the following
information:

- general information

title of the event concerned and the idenfication code used for inte-
gration into the chosen decommissioning structure

detailed description of the event
nuclear facility concerned
source of information

detailed description of the technique used, the process or treatment

information on the manpower and labour cost

« reference value to establish a basis for extrapolation, e.g. the mass

of a component to be handled

description of the indivicdual activities forming part of the process
to be carried out and their duration. If necessary, a distinction will
have to be made between activities on the critical time path and acti-
vities which may be conducted in parallel.

number and qualification of the personnel employed, indicating the re-
spective working hours assigned to a qualification

total manpower and determination of the specific manpower related to
the reference value.

A detailed calculation of the labour cost was not done, since the costs
incurred in wages are highly dependent on the respective national price
and wage levels, regulations on working hours and labour law factors. The
future user, however, can determine the labour cost himself on the basis
of the man-hours needed and the required qualification of the personnel.

" Information on material and equipment cost, with a distinction being
made between fixed and variable cost

« reference data for the cost figures (price level)

currency
machines, equipment and devices used, including their respective cost
total cost and specific fixed cost related to the reference value

consumables required or other expenditure causing variable cost, e.g.
rents

respective variable cost related to the object causing the variable
cost

total cost and specific total value related to the reference value
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- information required to determine radiation exposure

e characterization and general classification of the local dose (high,
medium, low)

* enumeration of the personnel employed, indicating the respective indi-
vidual dose rate

« addition of the relevant values to form the job dose and the relation
of this dose to the reference value

- survey of the fate of the component as radioactive waste, indication of
type of package for final disposal

~ secondary waste produced by the decommissioning activities

- associated activities required to carry out the process concerned which,
however, are assigned to another work package in order to comply with
the given structure of the database.

5. APPLICATION OF THE STANDARD DATA SET

The standard data set of a process or working step is designed so as
to provide a comprehensive picture of the measures required. This serves
the purpose of avoiding a purely mathematical extrapolation which - as al-
ready pointed out - may lead to faulty results. The data set shows the
user the progress of acitivities in detail, also indicating the time and
associated framework activities, e.g. planning, radiation protection etc.
as well as direct follow-up cost caused by secondary waste.

With each application the general information has to be regarded as the
basis and taken into account as such.

When it comes to evaluating the influence of the general information on
cost or radiation exposure, however, the future user will have to find
an answer himself. At present, while the concept is being developed, it is
not possible to establish a rule governing the adaptation to general data.
A case in point would be the following application:

- from the data set the user takes e.g. the figure of 5 DM/kg for dismant-
ling a component

- the associated boundary condition is: Konrad repository, legal regula-
tions prevailing in the Federal Republic of Germany

- the user, however, wants to emplace his component in a shallow-burial
disposal facility. legal regulations prevailing in Prance.

The user will now have to determine whether he can use the cost figures
without any restrictions or whether a correction is required. At present
such questions cannot be answered within the database framework. The is-
sue, however, should be clarified in future research work.

6. SUMMARY AND CONCLUSIONS

The concept developed by NIS Ingenieurgesellschaft mbH and the Com-
missariat a& 1'Energie Atomique (CEA) / IPSN/UDIN makes great demands on
data collection as well as on implementation and evaluation.
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Many years of handling cost figures and cost estimates at NIS and CEA have
shown that only the extrapolation of well described cost figures that have
a sound basis will lead to correct values amenable to interpretation. It
would therefore not be of any use to anybody, if the recently developed
concept of a decommissioning database were too global and superficial in
character. It is our intention to make the data we have collected availa-
ble, in a useful form, to all users who may be interested.

Working packages

Project management
Licensing

Operation
Decontamination
Dismantling
Radiation protection

Waste management

0 N O s KON

Site restoration

Fig. 1. Decommissioning working packages

1 Project management 5 Dismantiing

5.1 Staff
1.1 Project leading

5.2 Dismantling non-radioactive
1.2 Surveys and concept

components
1.3 Scheduling time, cost 5.3 Dismantling radioactive
and personnel capacity " components

5.4 Remote controlled dismantling
1.4 Documentation

6.6 Removal of activated concrete
structures

1.5 Quality assurance

Fig. 2. Subgroups for two working packages
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Standard data set

General Information

- title

identification code
description of event

- nuclear tacility

- source ot information

- discription of the technique

Reference value to establish a
basis for extrapolation

- mass, volume, wall-thickness,
a. o.

Manpower

- activities and duration
- number ot workers and
qualitication

- manpower related to the
reference value

Material and equipment cost

- description ot equipment

- consumables required

tixed and variable cost

total cost and specitic cost,
related to the reference value

Fig.

4.1. Standard data set for each
working step

Standard data set

5 Radiation exposure

- general classitication ot the
local dose rates

= individual dose ratea

- Job dose and specitio dose
rates, related to the reference
value

6 Primary waste information

- ammountment related to the
reference

- packaging for final storage

7 Secondary waste intormation

- kind ot waste

- ammountment total and
related to the reference value

8 Additional Intormations
- ID of the working steps ot

+ treatment primary waste

+ treatment of secondary waste

+ associated working steps,
e.g. staff, planning works,
radiation protection

Fig. 4.2. Standard data set for each

working step - continued
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RADIOLOGICAL CRITERIA FOR UNRESTRICTED RELEASE OF MATERIALS
FROM NUCLEAR INSTALLATIONS
A.M. CHAPUIS*, F, LUYKX*#*

* Commissariat 3 1'Energie Atomique, Fontenay-aux-Roses, France
*% Commission of the European Communities, DG XI, Luxembourg

ABSTRACT

It is widely accepted that materials very slightly radioactive may be
released to the environment without further control if this practice
can be justified and if the corresponding risk to the exposed
indjviduals can be regarded as trivial. Risk levels of the order of
107 per year may be so regarded and they correspond to an annual
effective dose of the order of 100 pSv/year.This exemption level of
dose, although conceptually simple, 1s very difficult to apply in
practice in order to determine the sources and practices which may
actually be exempted from regulatory control. For this reason, derived
levels, expressed in activity terms, have to be set. They can be
established on the basis of the characteristics of the radionuclides
present and the possible exposure pathways.

There are two main routes of unrestricted release of radioactive
materials, namely recycling and disposal. The option to be preferred
in each case would mostly depend on the associated economic advantage
that if offers.

One would expect the recycling option to be readily selected in the
case of metals, the most important of which is steel. Disposal would
normally apply to materials of little or no value such as concrete,
rubble or insulating materials.

On the initiative of the Commission of the European Communities, the
Group of Experts appointed pursuant to Article 31 of the Euratom
Treaty set up a Working Party to look into the problem of recycling
materials from the dismantling of nuclear installations and to propose
appropriate criteria.

The criteria expressed in terms of specific and surface activity are
directly applicable to recycling of steel scrap from nuclear power
stations. A recent EC study proposes activity criteria for recycling
of copper and aluminium, based on the same method.

Waste disposal may be solved on a national level and criteria are
being set or proposed in some countries. An IAEA technical document
provides guidance on the methods to be adopted in establishing exempt
quantities for the terrestrial disposal of very low-level radioactive
waste,

1. INTRODUCTION

At the beginning of the use of nuclear energy, classification into
radioactive and non-radioactive waste was based on their origin. Increase
in the waste production, especially during refurbishment or dismantling of
large nuclear installations, associated with the cost of their management
and disposal as radioactive waste and with their value as equipment or
recoverable scrap, brought to define more precisely the possible
destinations of material.
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Several options may be considered : valuable material may be recycled
or reused either under restrictive or unrestrictive conditions ; material
may be disposed of under restrictive or unrestrictive conditions ; material
may be considered as radioactive waste.

The choice between these options depends on many factors (l), some of
the more important considerations are the following :

- protection of individuals and population,

- availability of instrumentation for low-level activity measurements,
- availability of decontamination processes, ’

- industrial availability,

- costs,

- natural resources saving,

- socio-political attitudes.

This paper only deals with protection of man and proposes criteria for
some applications.

2 . RADIOLOGICAL CRITERIA FOR EXEMPTION FROM REGULATORY CONTROL

Most international organizations 1involved in radiation protection
field have tackled or are dealing with the problem of exempting certain
radioactive sources or practices from regulatory control.

2 .1. The ICRP approach

In its publication 46 (2) on "Radiation Protection Principles for the
Disposal of Solid Radioactive Waste'", the ICRP states that there is a need
to assign priorities so that limited resources are not wasted on trivial
problems at the cost of neglecting major problems. This should be done by
establishing exemption rules which could be based on a dose or risk level
below which there would be no further need for radiation protection concern.

Comparag%ve risk studies indicate that a probability of death of the
order of 10 /year 1s generally regarded as trivial, This corresponds,
applying the risk factors currently in use, to an effective dose equivalent
of the order of 100 pSv/year. To guard against the possibility that many
practices and sources of exposure could combine so that the total exposure
of critical population groups would exceed 100 pSv/year, an exemption level
of 10 puSv/year has been suggested for each practice or source.

Another criterion proposed is that the costs of the steps needed to
evaluate the collective dose or for implementing additional protection
measures could outweigh any potential reduction in health detriment costs
at a collective effective dose commitment of the order of 1 man.Sv per year
of practice.

Eventually, a collective effective dose commitment lower than one
man.Sv, made up of annual individual effective dose equivalents of less
than 10 pSv, is considered as an acceptable basis on which a practice or a
source can be exempted.

Compliance with these two criteria is only one basis on which
exemption might be granted. Sources or practices that do notcomply with
them could, nevertheless, be exempted from regulatory requirements if the
optimization study indicates that exemption is the optimum solution.
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ICRP is currently reviewing 1its basic recommendations, given 1in
Publication 26 (3), but the basic framework i1s unlikely to change very much
(4). However, the dose-risk factors might change, which could influence the
above dose exemption levels.

2 .2. The IAEA-NEA approach

A joint effort by the IAEA and the NEA-OECD in 1988 resulted in a
document on "Principles for the exemption of Radiation Sources and
Practices from Regulatory Control" (5), which recommends a policy for
exempting radiation sources and practices from regulatory control.

The two basic criteria for determining whether or not a practice can
be a candidate for exemption are the following :

~ individual risks must be sufficiently low as not to warrant
regulatory concern,

- radiation protection, including the cost of regulatory control, must
be optimized.

The first criterion has been addressed by defining a level of
individual dose that can be categorized as 'trivial", and has been set at
some tens of pSv per year or less. However, because individuals may be
exposed to several practices, it may be reasonable for national authorities
to apportion a fraction of that upper 1limit to each practice and a dose
level of 10 pSv per year has been suggested.

For the second criterion, 1f the generic study indicates that the
collective dose commitment for one year of practice is less than about
1 man.Sv, 1t may be concluded that the total detriment is low enough to
permit exemption without an optimization procedure.

A practice 1s defined as "a set of coordinated and continuing
activities involving radiation exposure which are aimed at a given purpose,
or the combination of a number of similar such sets".

Comparison of the ICRP and the IAEA-NEA approach shows that although
ICRP 18 perhaps less detailed in formulating 1its recommendations, the
principles proposed for exemption and the derived dose values are nearly
identical.

2 .3. The European Community Basic Safety Standards

The EC Basic Safety Standards (BSS) for the health protection of the
general public and workers against the dangers of ionizing radiation, laid
down 1in EC Council Directives of 15th July 1980 (6) and 3rd September 1984
(7), are mainly based on ICRP publications n°26 and n°30.

EC Directives generally bind Member States as to the results to be
achieved while allowing national authorities freedom of form and means.
Member States are therefore obliged to transpose the BSS into national
statutes within the prescribed period and to ensure their full application.

Article 2 of the BSS Directive of 1980 states that it "shall apply to
the production, processing, handling, use, holding, storage, transport and
disposal of natural and artificial radioactive substances and to any other
activity which involves a hazard arising from ionizing radiation”.

As a minimum requirement, the activities referred to in Article 2 must
be reported. However, the Member States of the Community may go further and
require prior authorization in cases decided upon by each Member State,
account taken of the dangers involved and other relevant considerations
(Article 3).
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Exemption from the requirements for reporting and prior authorization
is provided in Article 4 of the Directive for activities involving, amongst
others :

(€5 AN

(b) radioactive sg?stances of a concentration of less than 19? Bq.g_l

(0.0027 uCi.gl ), this limit being increased to 500 Bq.g
(0.014 pCi.g ) for solid natural radiocactive substances.

This article, however, dates back to the 1960's and the radiological
impact of these exemption levels was never assessed in detail. For this
reason the Group of Experts, set up under the terms of Article 31 of the
Euratom Treaty, when examining in 1985 the radiological criteria for
unrestricted recycling of materials from nuclear installations, decided to
convene a Working Party to look into the problem and to propose appropriate
criteria.

Its report, published in 1988 (8), recommends clearance levels for
steel scrap and equipment from the dismantling of nuclear power plants.
Details on this report will be given below.

The Commission envisages revision of the BSS in 1990, following the
publication of the new ICRP recommendations. At the same time, the
Commission also intends to review Article 4 and to adapt it to the latest
developments in this field.

3 . DERIVED QUANTITIES

Exemption levels cannot be expressed in terms of individual dose,
since operational measurement of this parameter is not practicable. Rather,
exemptions should be expressed in terms of derived quantities that are
directly measurable so that compliance with the provisions of exemption can
be determined.

Different scenarios leading to exposure of workers and public must be
examined., The doses have to be evaluated taking into account the
characteristics of the material and the expected quantities,

In the ICRP and IAEA~NEA publications, only the equivalent dose level
to the general public in case of likely exposure has been recommended.

Competent national authorities must then specify the dose levels to be
applied to each type of situation, These may take into account the
probability of the event, the size of the critical group, the degree of
conservatism of the dose evaluation, and the possibility of multiple
exposure due to various practices.

For example, an occupational exposure excludes a second critical
occupational exposure and the dose level may be some tens of pSv per year ;
under accidental condition with a low probability of occurrence the dose
level may be 5 mSv/year.

The principles of determination of derived quantities have been
proposed, and some of the problems that may be encountered have been
pointed out (9).



4 , RECYCLING

Some of the materials derived from refurbishment or dismantling of
nuclear installations have a high economic value, thus providing a strong
incentive for recycling. This is the case for metals such as carbon steel,
stainless steel, copper or aluminium. It may be the case for concrete which
can be recycled for road construction when the distance between the
production site and the utilization site is short.

In the case of metal, large quantities of scrap and items circulate
between various countries and the problem of recycling will have to be
solved on a transnational scale.

This incited the group of experts set up under the terms of Article 3l
of the Euratom Treaty to recommend exemption levels for the recycling of
steel from dismantled nuclear power plants.

This recommendation 1is based on a study evaluating the doses to
workers and to the public under typical conditions for the main
radionuclides found in PWR contaminants.

The doses annual to the workers are proportional to the specific
activity and to the total mass of scrap treated in a year. It was assumed
that 10,000 tonnes of very low-level steel from two dismantled PWRs was
melted in the same steel plant, in one year. With this pessimistic
assumption the dose to the workers i1s of the same order as or lower than
the dose to the public for gamma emitters.

The 1limiting scenarios are therefore defined by exposure of the
public., They are proportional to the specific activity, and depend on the
partition of nuclides during melting, and on the exposure parameters
(distance to the source, exposure duration, dilution during melting and
manufacturing of items). These parameters were set for scenarios dealing
with carbon steel recycling. Stainless steel recycling was not studied in
detail but the corresponding scenarios and parameters would lead to the
same specific activity levels.

Based on a dose level of 10 puSv per year the clearance level would be
2 Bq/g for Co 60, 4 Bq/g for Cs 134, 7 Bq/g for Cs 137 and 11 Bq/g for
Mn 54.

For pure beta emitters and alpha emitters the limiting scenario is
inhalation of dust by workers in the steel plant. For alpha emitters,
specific activity limits seemed inappropriate and the doses were evaluated
for a surface contamination of 0.04 Bq/cm?, in order to comply with IAEA
regulations for the safe transport of radioactive materials. The
corresponding dose was 0.4 pSv/year for Pu 239 and Am 241. The dose due to
pure beta emitters in a usual contamination spectrum is low enough to
obviate the need for a specific clearance level,.

The study focused on recycling, but as the intention was to set the
exemption at the boundary of nuclear installations, two scenarios
corresponding to direct reuse of material were studied : repair of a motor
and use of a tank for water supply.

As far as possible parameters values were chosen in a realistic way
and are based on industrial scale measurements. Since the preparation of
the EC recommendation, these values have been refined by experiment. The
improved values do not change the result. Only one problem has not yet been
solved and requires further experiments and improved understanding of the
phenomena in order to confirm the result : it is the potential dose to
workers due to aerosols created during the cutting of metal pieces. Further
experiments will shortly provide values for the parameters needed for
calculation of this dose (10).
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The recommendations from the group of experts are then :

for beta-gamma - 1 Bq/g averaged over a maximum mass of 1,000 kg,
no single item may exceed 10 Bq/g
- 0.4 Bq/cm® for non-fixed contamination on accessible
surfaces
for alpha - 0.04 Bq/cm? for fixed and non-fixed contamination.

The application of these levels would result in a radiological impact
on the public that is negligible from the health point of view and would
avoid the inclusion of highly active items within the averaged mass. In
exceptional circumstances, with very low probabilities of occurrence, the
dose to the most exposed individual might be greater than those on which
the evaluation is based, however the individual risk is not expected to be
greater than that acceptable for the public.

Recycling of copper and aluminium has also been studied (11). The
exempt mass released per year would be smaller than the mass of exempt
steel, but, by the same time, the mass involved in items made with recycled
metals is generally also smaller. It appears that the limiting scenario for
copper 18 very special use for medical purposes, and for aluminium use in
ship building. In both cases the doses are proportional to the specific
activity. The clearance levels would be of the same order of magnitude as
those set for steel.

Besides these exemption levels, which are calculated whatever the use
or destination of recycled metal, it is possible for national authorities
to set specific clearance levels for particular installations depending on
the characteristics of the installation and the destination of recycled
metal.

5. DISPOSAL

Except for materials with high economic value, the usual final
destination of waste is land disposal. Three main kinds of disposal can be
used :

- disposal of inert material such as concrete, soll or rubble at a
quarry or site with few or no particular specifications ;

- disposal of ordinary waste such as municipal waste at a site with
requirements regarding geological characteristics, conditions of
operation, monitoring and fencing ;

- Disposal of industrial toxic waste at a site with more stringent
isolation conditions.

For these types of disposal, there is no need for international
agreement. Disposal of very low level waste however must comply with
national regulations,

The dose pathways by which disposal workers can be exposed are
relatively simple and well defined and the main uncertainty 1lies in
estimating the fraction of exempt waste in disposed waste. Landfill workers
receive the highest doses which are proportional to the specific activity
and to the percentage of exempt waste disposed of at the landfill.

The dose pathways by which members of the public are exposed are more
complex and subject to much greater uncertainty as to whether they actually
occur at all.
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An IAEA advisory group has considered the case of disposal of exempt
waste in a sanitary landfill or by incimeration and has proposed a
methodology for determining derived quantities (12).

The example used by this group concerns a small landfill, assumes that
10 ¥ of the total waste are contaminated, and is based on a dose of 10 uSv
per year,

The methods and models used by several authors are very similar to
those proposed in the IAEA document (13, 14, 15, 16). However in order to
take into account the influence of the landfill size, different activity
limits are proposed depending on the type or the size of the landfill
(13, 14, 15). Moreover the dose limit used for the landfill workers 1is set
by some authors to higher values (50 to 100 uSv/year) (15, 17, 18).

The result obtained for small landfill and a dose limit of 10 pSv per
year is of the order of 1 Bq.g for cobalt 60 (12, 14).

CONCLUSION

Doses to workers and members of the public due to recycling or
disposal of slightly radioactive waste depend on some or all of the
following factors :

- gpecific and surface activity,

- amount of radioactive material released in one year,

- fraction of radioactive material in the total amount of material,
- radiological, physical and chemical properties of material,

- characteristics of industrial plants.

Nevertheless, generic assessments may be achieved and derived limits
expressed in terms of activity may be proposed, allowing the possibility of
monitoring to ensure compliance with the criteria.

These derived limits are based on the dose limits.

In some cases the limiting scenarios correspond to exposure of a wide
group of the public for which a 10 pSv per year dose limit could be
carried. In other cases the 1limiting scenarios concern individuals
belonging to small critical groups (ex : occupational exposure). The
probability for one of them to belong to other small critical groups is
very low and a limit of several tens of uSv per year could be carried.

Since large quantities of metal scrap and items circulate between
various countries of the European Communities, the radiological problems of
recycling will require to be solved on a transnational scale. Derived
limits may be simplified taking into account the contaminants spectrum. In
case of steel arising from EHe dismantling of reactor plants after normal
operation, a limit of 1 Bq.g =~ for beta-gamma emitters has been recommended
by the group of Experts set up under the terms of Article 31 of the Euratom
Treaty. This value may be averaged over not more than one metric tonne. To
avoid the inclusion of highly active items within the averaged mass thgfe
is an additional requirement that no single item exceeds 10 Bq.g .
Furthermore clearance levels have been specified for surface activity.

The case of disposal may be solved on a national scale taking into
account the national practices and regulations. It seems that different
activity limits may be set for different types or sizes of landfill. For
ordinary small sized landfilli the activity limit for cobalt 60 seems to be
of the order of 1 to 10 Bq.g .
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DISCUSSION

Question: A R GREGORY, CEGB (NPD) - Mr Larin, what are the large-scale works
undertaken in the USSR and where do you dispose of the waste?

Answer: Y LARIN*, VNIIAES - No work on a large scale has been done, but
there has been pilot work at Beloyarsk (Unat/Graphite). On-site interim
storage is used. Present work aims at defining procedures and development of
techniques to face major dismantling tasks.

Question: P DE JONGHE, SCK/CEN Mol - I thank you for speaking about the
accident at Chernobyl. Can you now set the objectives with regard to the
degree of decontamination or residual contamination of the terrain in the
environment (3G km zone) of Chernobyl?

Answer: Y LARIN*, VNIIAES - Our policy so far has been to contain the
contamination and to prevent it from spreading. Really thorough decontami-
nation has not yet been envisaged for economic reasons and because of the
fact that any human residence is prohibited within a radius of 30 km. It is
not foreseen for the time being to allow populations return to the area to
live there on a continuous basis.

Question: H J C BOEKSCHOTEN, KEMA - Does the radon originate from the
reactor building or from outside?

Answer: W HARBECKE, KWL - Before commissioning we found radon in the
containment as well.

Question: A R GREGORY, CEGB - Does the selection of a coastal or an inland
site show any difference in the measurements?

Answer : C FLEISCHER, TWC - Previous work carried out in the phase 1
programme did not show any wide variations, although stations were selected
from coastal as well as inland sites.

Question: R NEIDER, BRAM - Why do you differentiate between the beta-gamma
surface contamination where only non-fixed contamination is counted, while
for alpha contamination you take the whole contamination? I think that in
both cases the total contamination should be taken into account because this
figure is measured in practice.

Answer: A M CHAPUIS, CEA - Recycling in the nuclear field is a good solution
and may be used for activities above the limits for unrestricted release. It
seems that the possibilities in the nuclear field could be too low to use
all the scrap coming from the dismantled installations (especially in France
when the reactor dismantlings will occur).

For beta-gamma surface contamination, the mass activity limit covers
the total surface contamination. The non-fixed surface contamination has,
however, to be taken into account in specific scenarios such as contact
contamination during handling.

For alpha emitters mass activity was not set because it is not
measurable. The study does not intend to set surface activity limits based
on the dose to the public. It was assumed that steel scrap suitable for
unrestricted release would be transported as non-radicactive material and
the corresponding limits have been used.

* -
Translation from Russian by D de Heering, Belgonucleaire
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Comment: R NEIDER, BAM - When exemption limits for recycling materials from
nuclear power plants are discussed it should be requested that, as far as
possible, this material should be recycled within the nuclear field. In this
way the general population will not come into contact with this activity.

Question: J ESSMANN, Preussenelektra - Mr Petrasch, from your comments I
gather that your databank contains only data relating to decommissioning or
some aspect of decommissioning. Why do you not plan to include data on the
replacement of large items of equipment, which relate to the operation of
nuclear power stations? Such data are often very informative from the point
of view of technical complexity and radiation protection measures.

Answer: P PETRASCH, NIS - The final illustration shows three ways in which
the requisite data can be acquired. The third option, shown as general
'Publications', includes, of course, the point to which you referred.

Question: D VANDE PUTTE, Electrowatt - You showed us the results of
radiological risk calculation but have you approached companies to find out
whether they would take the economic risk of using recycled steels?

Answer: A M CHAPUIS, CEA - Car constructors have not been contacted.
However, a steel plant owner who recycled steel scrap from a French reactor
was 80 pleased that he melted some commemorative items.

Question: P FUNKE, Ministry of the Environment and Reactor Safety, Wiesbaden
- Are there plans to extend the databank to include fuel element manu-
facturing and would this serve any purpose?

Answer: P PETRASCH, NIS - The initial design work was centred on nuclear
power stations and reprocessing plants. There is no reason why in the future
data on the shutdown of fuel element manufacturing installations should not
also be covered.

Comment: K PFLUGRAD, CEC - the CEC has started a one-year study related to a
databank on dose rates and costs in decommissioning nuclear power plants.
This 18 a start and there is no reason that other installations from the
nuclear fuel cycle should not be included in possible future studies.

Question: H J C BOEKSCHOTEN, KEMA - For the release of radioactivity from
Magnox power stations C-14, Cl-36 and Ca-41 are the important nuclides. They
originate from the graphite. What will the important nuclides from LWRs be?

Answer: P B WOOLLAM, CEGB (NPD) - The long-lived isotopes which originate in
steels, such as N1-59 and Nb-94, will control doses under the circumstances
I discussed. However, such metallic isotopes are held up in the groundwater
system to such an extent that, even with their long half-lives, they will
tend to have decayed before they can be released to the water consumer.

Question: P B WOOLLAM, CEGB - How did the CEC derive an averaging mass of
1000 kg for the 'de minimis' limit? Would it be possible to make this
averaging mass larger?

Answer: A M CHAPUIS, CEA - It was based on the mass used for the sea
dumping. Averaging on a larger mass could be possible, for example on the
mass corresponding to the truck load.
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CONCLUSION

This session was very well attended and the presentations mostly
satisfactory in terms of both content and visual aids. There was, however,
an apparent reluctance to contribute to the discussion from the floor
despite adequate time being available.

Mr Larin reviewed the preparation being undertaken by IEA/NPPD Member
States to build up plans and procedures for decommissioning nuclear
facilities. However, apart from the magnificent successful efforts to
contain the Chernobyl residual reactor structure within a concrete
sarcophagus, little other work has been undertaken until now. The second
paper, Mr Pocock et al, dealt in a workmanlike manner with the long-term
stability and leak tightness of a reactor containment structure. It was
confirmed that no significant differences between coastal and inland sites
had been identified. The last paper in this group, by Mr Harbecke, drew
attention to the possibility of suppressing negative pressure within the
containment of shutdown nuclear reactors without significant transfer of
radioactive aerosols to the outside. The benefits which could accrue must be
considered in relation to individual reactor characteristics.

Mr Woollam outlined the consequences of deferring dismantlement of the
residual Magnox structures for 100 to 130 years, in relation to radio-
activity transport through the groundwater system. This draws attention to
the inherent safety of leaving these reactors, provided reasonable attention
is paid to maintenance.

Mr Petrasch described his work on the development of a databank for
cost on a radiation exposure evaluation which will be in a useful form and
applicable to decommissioning studies. The CEC has now started a one-year
study which could lead to future studies on fuel cycle and reprocessing
plants.

The final contribution from Mme Chapuis was presented in her customary
polished style and was directed to the criteria for recycling of metals, in
particular steel, and disposal of concrete rubble. This led to a discussion
centred on radiological 1limits for reuse, costs and transport of such
materials within the Community and the satisfactory conclusion of
Session II.

A R GREGORY, CEGB (NPD)
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TESTING OF COBALT-FREE ALLOYS FOR VALVE
APPLICATIONS USING A SPECIAL TEST LOOP

BENHAMOU C., COHEN S.
Framatome S.A., Paris-La-Défense, France
RUFFET F.
Commissariat A4 1'Energie Atomique, Saclay, France

ABSTRACT

Considering that use of Cobalt alloys should be avoided as far as
possible in PWR components a progranme aimed at establishing the
performance of Cobalt free alloys has been performed for valve
applications where Cobalt alloys are mainly used. Referring to past
work two types of Cobalt free alloys were selected : Ni-Cr-B-Si and
Ni-Cr-Fe alloys. Cobalt free valves behaviour has been evaluated
comparatively with Cobalt valves by implementation of a programme in a
special PWR test loop. At the issue of the loop tests programme which
included Endurance, Thermal shock and Erosion tests Cobalt free alloys
candidate to replace Cobalt alloys are proposed in relation with valve
type.

1. INTRODUCTION

The radiation level around the components of Pressurized Water
Reactors (PWR) particularly governs the radiation exposure of the workers
during the periodic maintenance operations, as well as  during
decommissioning operations. Since the activation product Cobalt 60 is one
of the main contributions to this exposure, the use of Cobalt alloys in the
primary circuit should be avoided as far as possible.

The alloys likely to replace Cobalt alloys mainly used in nuclear
valves e.g RCo-Cr-A and RCo-Cr-B (Trade-mark Stellite grade 6 and 12
respectively) as required in AWS 5-13 (American Welding Society)
specification or in French RCC-M code (Design and construction rules for
mechanical components of PWR Nuclear Islands) Section IV § S 8000, must
comply with the following criteria :

~ good weldability

- hardness equivalent to that of Cobalt alloys

- resistance to corrosion, friction and wear equivalent to that of
Cobalt alloys.

Referring to past work [1] [2) (3], Framatome, jointly with CEA
(Commissariat 4 1'Energie Atomique), assessed a number of hard Cobalt free
alloys considered as promising ; two of them were selected : Ni-Cr-B-Si
(Trade mark Colmonoy) and Ni-Cr-Fe (Trade mark Cenium) alloys.

The work here presented, partially sponsored by the Commission of the
European Communities, aims at establishing the performances of these two
alloys, comparatively to Cobalt alloys, on selected valves mounted on a
special CEA loop, operated in conditions as close as possible to PWR
working conditions.

The work programme was driven as follows, considering that for a first
evaluation are concerned essentially valve types which are the most
numerous used in nuclear plants :

- Basic study including design of selected valves and specification of
Cobalt-free alloys and welding processes applicable for deposition,

- Commissionning of valves with Cobalt and Cobalt free alloys,

- Implementation of the selected hardfaced valves in the CEA test loop.
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2. BASIC STUDY
. Selection of Materials

Screening work, conducted over the past several years by Framatome and
CEA (1) (2) (3) on Cobalt-free hardfacing alloys which could replace the
Cobalt base alloys, have covered evaluation of mechanical and physical
properties, weldability, wear and galling resistance and resistance to
corrosion in a PWR coolant environment.
Table I gives the chemical composition of Cobalt-free alloys selected with
respect to the above criteria by comparison to Cobalt alloys.
. Selection of valves

Figures 1, 2 and 3 shows a representative schema of selected valves
which are respectively globe valve, valve body with bonnet and swing check
valve.

Hardfacing deposits and integral products (cast or forged) concerned
with cobalt base alloys were identified.

3. COMMISSIONNING OF VALVES

Close contacts were promoted with valve suppliers for the manufac-
turing of valves to be tested on CEA loop ; this work included the
following items :

- verification of documents in association with the supply e.g. plans,
procurement specifications of materials, manufacturing process,
qualification of welding processes, laboratory reports about Cobalt-free
alloys, manufacturing report,

- special follow of hardfacing deposit performance,

- hydrotest and water tighness control of the valves,

- assembly conditions of the valves on the branch test of the loop.

This last item was deeply discussed with loop operator, CEA.

The whole detailed valve supply, delivered to CEA loop test facilities is
summarized table II with respect to hard alloy and welding process
selection.

Referring to problems met in performing the hardfacing deposits
special investigation of welding procedures was necessary to be completed
by the valve supplier for manufacturing successfully the valves with
Colmonoy 4-26 and Cenium 36.

All the above tests associated to the valve supply have been finally
carried out without any problem.

4. IMPLEMENTATION OF VALVES IN THE LOOP

The test programme principles of the valves mounted on CEA Doubleau
loop have been assessed with respect to PWR working conditions. The
behaviour of Cobalt free alloys are evaluated comparatively to Cobalt
alloys by testing successively the valves with stellite, the valves with
Colmonoy and the valves with Cenium.

Figure 5 gives a schematic representation of the loop with its test
branch; respective location of the three different valves on the test
branch is indicated figure 4.

The detailed loop test procedure included for each serie of valves
(same hardalloy) Endurance tests, Thermal shock tests and Erosion tests.

. Endurance tests

Endurance tests consists of 1500 cycles of valves opening and
closing according to the sequence described figure 4 for one cycle. The
globe valve is fitted with an electric actuator for remote automatic
monitoring of opening and closing ; at every cycle the electro-valve (E.V.
figure 4) 1is opened for reducing the pressure downstream from the globe
valve being in closed position ; consequently subsequent opening of the
globe valve happens under a high differential pressure (150 bars) as met in
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the most severe PWR working conditions.
. Thermal shock tests

The principle of thermal shock tests is described figure 5 for one
cycle (hot shock + cold shock) ; 40 cycles are planned in the programme, 20
with A8 = 100°C and 20 with A@ = 250°C, the globe valve being in opened
position during the tests.

. Erosion tests

In connection with erosion loop tests at 70 and 320°C special globe
valve front disks with calibrated machined orifices have been designed
experimentally and manufactured by the valve supplier.

The globe valve is kept closed during the ten hours which lasts the
test; Erosion conditions between disk and seat results from the high
velocity of fluid through the orifice. Liquid phase is achieved in the
orifice by keeping the downstream pressure above the saturated pressure of
water at the test temperature.

. Valves behaviour evaluation

As regards the behaviour of valves during the loop tests non destruc-
tive examinations are performed for evaluation :

- hydrotest of the branch before Endurance, Thermal shock and Erosion
tests,

- wvisual and dye penetrant examination of hardfaced surfaces after
each category of tests,

- control of strength transmitted to the stem by the actuator every
100 cycles during endurance tests,

- water-tightness control of valves after 0, 500, 1000, 1500 cycles
for endurance tests, and after 0, 20 cycles A8 = 100°C and 20 cycles
A8 = 250°C for thermal shock tests,

- flow rate control during erosion tests and leakage measurements of
valves before and after erosion tests at 70 and 320°C.

5. RESULTS AND DISCUSSION

The full loop test programme has been achieved on the branches fitted
with stellite and Colmonoy valves ; the Cenium valves have only been
submitted to endurance tests ; the rest of the programme is in progress on
these last valves.
. Visual and dye penetrant examinations of hardfaced surface.
Cracking of hardfaced surfaces were observed on :

- stellite grade 6 of the 2" globe valve seat after the thermal shock
tests A9 = 250°C

- Colmonoy 4 of the 2" globe valve and body valve seats after the
thermal shock tests A8 = 250°C

- Cenium 36 of the 2" globe valve seat after 500 cycles during the
endurance tests.

No cracking was observed on the other hardfaced surfaces either of the
globe valves or on the swing check valves.
. Water tightness control of valves

Figures 6 and 7 give, at different steps of loop tests performance,
the variation of leakage measured respectively on valves with stellite and
valves with Colmonoy alloys. In accordance with cracking revealed by visual
and dye penetrant examinations valve leakage increases significantly after
the thermal shock tests related to high differential temperature (A =
250°C) : 400 cm’/h instead of 1 cm’/h for the globe valve with stellite and
10380 ca’/h (10.4 1/h) instead of 5 ca’/h for the globe valve with
Colmonoy.

Taking into account the above leakage, special disk with calibrated
orifice designed for erosion tests was finally only used on the globe valve
with stellite ; the corresponding induced leakage was brought from 0.4 1l/h
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to 37 1/h.

The erosion tests driven at 70 and 320°C did not show any behaviour
difference between stellite and Colmonoy valves ; the relatively slight
leakage increase of these two valves were equivalent after erosion tests.
Concerning the swing check valve the behaviour of Cobalt free alloys is
comparable to that of cobalt alloys.

. Discussion

For discussion it is obvious now that evaluation of Cobalt free alloys
must be specifically related to a type of valve e.g. its size, design and
welding process to be used ; problems are particularly severe in small bore
valves, as the globe valve tested, where access to the seating area is
restricted ; weld deposits are generally manually applied in these area
using Oxyfuel or Tungsten Inert Gas (TIG) techniques ; these are highly
skilled surfacing operations and necessarily expensive and slow ; strong
need exists in developping the application of automatic advanced arc
surfacing techniques to small bore components.

Nevertheless main features gained from the loop test programme can be
summarized as follows in relation with the valve type :

- 2" globe valve
. high sensitivity of Cenium 36 alloy to endurance tests,

. slight sensitivity of Stellite grade 6 and increased sensitivity of
Colmonoy 4 to high differential thermal shock tests,
. equivalent behaviour of stellite grade 6 and Colmonoy 4 to erosion tests.

- 3" swing check valve
Equivalent good behaviour of Colmonoy 4-26 and Cenium Z 20 when compared to
stellite grade 6.

For integral parts as slide rings used in these two valve types no
behaviour problem was met with proposed Cobalt free alloys : Nitronic 60
and Cenium Z 20 698.

6. CONCLUSION .

Considering that use of Cobalt alloys should be avoided as far as
possible in PWR components a programme aimed at establishing the
performance of Cobalt-free alloys has been performed for valve application
using a special test loop. Referring to past work two types of Cobalt free
alloy were selected : Colmonoy and Cenium alloys.

At the issue of the 1loop tests programme which included Endurance,
Thermal shock and Erosion tests, candidate to replace Cobalt alloy can be
proposed in relation with valve type ; Colmonoy 4-26 and Cenium Z 20
deposited by plasma are process have be found convenient for use in 3"
swing check valves ; for integral part acting as guide ring Nitronic 60 and
Cenium Z 20/698 were tested sucessfully.

Looking at small bore components as 2" globe valve, to day no solution
cas be proposed ; Introduction of Cobalt free alloys is dependent of the
development of automatic advanced arc surfacing techniques applied to small
bore components.
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Table I : Chemical Composition of selected hard alloys
Specification Alloy designation (o Cr | ] N M Mn si Fe |V B N | Co Form
and/or trade mark
ROC-¥/S8000 |RCo-Cr-A/stellite Gr.6 0.9/1.4| 26/32 [3.0/6.0|< 3.0] €1.0 |£ 1.0} £ 2.0 i< 3.0| - - - jpal
or
ANS 5-13 RCo-Cr-B/stellite Gr.12 [1.2/1.7| 26/32 |7.0/9.5|< 3.0 £ 1.0 |$1.0] € 2.0 |€3.0| - - - Pal
RNL-Cr-A/Colmonoy 4 0.3/0.6) 8.0/14.0 - Bal - - |1.25/ j1.25/| - |2.00/ | - |-
.25 3.5 3.00 Rods or Powders
ANS 5-13 for
RNi—~Cr—B/Colmonoy 5 0.4/0.8]10.0/16.0 - Bal - - 3.00/ |3.00/] - | 2.00/ - - Bardfacing
5.00 {5.00 4.00 depogits
Colmonoy 4-26 0.3/0.6] = 26. - Bal - - 1.25/ 11.25/) - [1.5/3.0
.25 |3.25
Typical
composition Cenium 36 1.1/1.21 25.0 4.0 34.0| 8.0 0.5 0.85 | Bal 0.5 - - -
from
supplier Cenium Z 20 0.2/0.5| 22/30 ]1.0/4.0]|15/25|6.0/10.0)< 2.0| < 2.0 | Bal |1.0 - - -
Cenium Z 20698 1.3/1.7| 22/30 }1.0/4.0]15/25|6.0/12.0|< 2.0| € 2.0 § Bal |1.0 - - - Cast
IASTM A 276/ Nitronic 60 < 0.10 ]16.0/18.0 - 8.00/ - 7.00/|3.5/4.5] Bal { - - 0.08/| - Forged
A 479 9.00 9.00 0.18

Il



Table II :

112

Composition of the loop test branches with Cobalt base

Stellite Branch (Reference)

alloys and Cobalt free alloys

VALVE WELDING HARDFACING HARDFACING INTEGRAL
DESIGNATION PROCESS DEPOSIT ON DEPOSIT ON RING
BODY SEAT DISK
2" BODY 0X - AC STELLITE - -
WITH BONNET (1) GRADE 6
2" GLOBE 0X - AC STELLITE STELLITE VIRIUM 16
VALVE (1) GRADE 6 GRADE 12 (CAST STELLITE
GRADE 6)
3" SWING PLASMA STELLITE STELLITE STELLITE
CHECK VALVE (2) GRADE 6 GRADE 6 GRADE 6 (CAST)
Colmonoy Branch
VALVE WELDING HARDFACING HARDFACING INTEGRAL
DESIGNATION PROCESS DEPOSIT ON DEPOSIT ON RING
’ BODY SEAT DISK
2" BODY TIG COLMONOY 4 - -
WITH BONNET (1)
2" GLOBE TIG COLMONOY 4 COLMONOY 5 NITRONIC 60
VALVE (1) (FORGED)
3" SWING PLASMA COLMONOY 4-26| COLOMONOY NITRONIC 60
CHECK VALVE (2) 4-26 (FORGED)
Cenium Branch
. VALVE WELDING HARDFACING HARDFACING INTEGRAL
DESIGNATION PROCESS DEPOSIT ON DEPOSIT ON RING
BODY SEAT DISK
2" BODY 0X - AC CENIUM 36 - -
WITH BONNET (1)
2" GLOBE 0X - AC CENIUM 36 - CENIUM
VALVE (1) TIG - CENIUM Z 20/698
Z 20/698 (CAST)
3" SWING PLASMA CENIUM Z 20 | CENIUM Z 20 CENIUM
CHECK VALVE (2) Z 20/698
(CAST)

Valve supplier :

(1) SEREG (now SCHLUMBERGER Industries)/LYON-FRANCE
(2) VELAN-RATEAU/LA BAULE-FRANCE
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FIGURE 1 :
GLOBE VALVE J: !
§ } <
|
!
| ®
Ry : Body Seat hardfacing = — /_ = g

R, " Disk Bearing hardtacing
R4 " Back Disk hardfacing
13’. Integral Ring

R3

FIGURE 2 :
BODY OF GLOBE VALVE WITH BDNNET

R, : Body hardtacing
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3: Seat with hardfaced bearing face
4 : Disk with hardfaced bearing face
10 : Integral Ring

FIGURE 3 : SWING CHECK VALVE
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Globe Valve with Electrical

Actuator j‘SEREG"

Pressure
Drain  (Pe) R -
- L4 T l - - -
GRAYLOC ; GRAYLOC
Connection \‘ c l P[l)2 1TMT% I PDI g Conneénon
DOWN STREAM i Swing / IR 3 | UP STREAM
! Check Valve : (—['»_ Vahve |
L “VELAN RATEAU" “| Lk& ' wgppege!
i Eecto-vahe “NUPRO" T '
4 (EV) | |———Industrial Water
I i (outiet)
: Exchanger ! —e— Industrial Water
; Iy (inlet)
= Support Stand || Leakage Recycling
]
2 7
Globe Swing Electro-valve
R C Ey PHASE
0 0 C Flowrate in R, C (320°C-150 bars)
C C C R closing without AP-No Flowrate
C c 0 Depressurization between R and C,
P < 5 bars
C C C Electro-valve closing
0 0 C R opening with AP = 150 bars
0: Opened — C . Closed
FIGURE 4 :

TEST BRANCH DESIGN
AND PRINCIPLES OF ENDURANCE TESTS
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Reheater : HOT BRANCH () Storage Tank

Equilibrated
Line

Vi0lbs A

HOT BRANCH COLD BRANCH PHASE

V100 bis { V102 bis | V101 bis | V103 bis | (O: Opened — C: Closed)
0 0 c c Hot Shock
c c 0 0 Cold Shock

1 Thermal Cycle = 1 Hot Shock 4+ Cold Shock

Nota : R valve will be kept in opened position during these tests

FIGURE 5:
LOCATION OF BRANCH TEST ON LOOP
AND PRINCIPLES OF THERMAL SHOCK TESTS
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VALVE LEAKAGE

Swing check
valve
L%
Required Value at
Water Tightness test
's
Globe valve

Swing check vaive
WT Water tightnéss test

HT Hydrotest

® Giobe valve

Erosion test
(o]

@

§ 1]
O w
T 3
o

o

P .
1

Thermal shock Tests

L

.. /l
o »

® 5%

Foy

3 Yo

§2§

@ HT 215 bars

LOOP OPERATOR TESTS

{) WT 1500 cycles
4
- WT 1348 cycles
46_ WT 1000 cycles
I
1 WT 500 cycles
.\@‘ —  WT P172bars
0 cycle
| @ HT 215 bars

Endurance Tests
™

Tests

0 WT AP 259 bars
WT AP 135 bars

L]
@ HT 390 bars

Vaive supplier

"y

50
0 L
30
an’/i%

8

1

]

5

4 L
3

2

1

0

FIGURE 6
HYDROTEST AND WATER-TIGHTNESS CONTROL OF VALVES
WITH STELLITE DURING LOOP TESTS
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®  (Globe valve

O Swing check valve

WT : Water tightness test

HT : Hydrotest

Required value at

water tightness test for
== ==Swing check valve
— «(lobe valve

WT10h
6 = 320°C

©)

WT10h
8=170°C

ion Tests

|Eros

— WT before E.T

® HT 215 bars

0,38 I/h

1
\
Themal shock Tests / _
e

. ! WT 20 cycles
28 = 250°C

WT 20 cycles
ab = 100°C

WT 0 cycle

Colmonoy cracking
of globe valve seat

—@® HT 215 bars

LOOP OPERATOR TESTS

¢ WT 1500 cycles

((/ WT 1000 cycles

WT 500 cycles

Endurance Tests

o= WT 0 cycle

@®  HT 215 bars

0 WT AP 259 bars
. WT AP 135 bars

@ HT 390 bars

Vatve supplief

VALVE LEAKAGE
cm’/h$
0 |

FIGURE 7 :
HYDROTEST AND WATER TIGHTNESS CONTROL OF VALVES
WITH COLMONOY DURING LOOP TESTS
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ANALYSES AND TESTING OF MODEL
PRESTRESSED CONCRETE REACTOR VESSELS
WITH BUILT-IN PLANES OF WEAKNESS

DAWSON P,, PATON, A.A., FLEISCHER, C.C.
Taylor Woodrow Construction Limited,
Taywood House, 345, Ruislip Road,
Southall, Middlesex, UBl 2QX.

U.K.

ABSTRACT

This paper describes the design, construction, analyses and
testing of two small scale, single cavity prestressed concrete
reactor vessel models, one without planes of weakness and one with
planes of weakness immediately behind the cavity liner. This work
was carried out to extend a previous study which had suggested the
likely feasibility of constructing regions of prestressed concrete
reactor vessels and biological shields, which become activated,
using easily removable blocks, separated by a suitable membrane.
The paper describes the results obtained and concludes that the
planes of weakness concept could offer a means of facilitating the
dismantling of activated regions of prestressed concrete reactor
vessels, blological shields and similar types of structure.

1. INTRODUCTION

In a study undertaken by Taylor Woodrow Construction Ltd (TWC) in
the first five year (1979-1983) research programme sponsored by the
Commission of the European Communities (CEC), one feature proposed as
an aid to decommissioning prestressed concrete reactor vessels (PCRV)
and other similar structures was the construction of the inner zone of
concrete immediately behind the liner, where activation would normally
be expected to occur, as a blockwork matrix, each block being separated
from its neighbours by a thin membrane. The study suggested that the
planes of weakness so formed would have no significant effect on the
performance or integrity of the PCRV and recommended further, more
detailed work be done. The work of the first study 1is described in
Euro Report Ref. EUR 9399 EN(1),

A second study was therefore undertaken as part of the CEC's
second five year (1984-1988) programme and this is fully described in a
report submitted by TWC to the CEC in March 1989. The second study
comprised the design, construction, analyses and testing of two small
scale, single cavity PCRV, one without and one with planes of weakness
behind the cavity liner. The approach adopted for the study was to
review the previous analyses to identify key aspects to be taken into
account for the design, construction and testing of the models and
complement this with a comparative analytical study.

The paper outlines the work carried out in the second study,
describes the key results and presents the conclusions drawnm.

2, DESIGN OF THE MODELS

Overall, the models were designed as simple, single cavity PCRV,
to a scale of approximately 1/20th with respect to the Hartlepool and
Heysham 1 Advanced Gas-Cooled Reactor vessels currently operating in
the U.K., The internal cavity of each model was lined using a 0.%mm
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thick mild steel liner whose external surface embodied tangs which were
anchored into an externally applied grout screed, 13mm thick. This
screed was also provided to offer some support to the liner during the
concreting operations,

Details relating to key features of the design are described below
and 1l1lustrated in Figures 1, 2 and 3.

(a) Hoop prestress

The hoop prestress consisted of 17 hoop tendons, each consisting
of two, 8mm diameter plastic coated strands, each encircling the vessel
once, just below the concrete surface, and anchored in diametrically
opposite buttresses. In calculating the forces in the hoop tendons, a
friction coefficient of 0.08 was assumed between the strand and its
plastic coating and this value was verified by tests carried during the
stressing operations which indicated a probable friction coefficient of
0.085.

In order to allow for the bending stresses induced in the strand
as 1t curved around the model, the jacking load was limited to that
corresponding to 587 of the Characteristic Strength of the strand to
ensure that the overall stress in the strand never exceeded a value
corresponding to 80 of the Characteristic. This gave a jacking load
of 41KN. Each hoop strand was anchored at both ends in barrel and
wedge anchors and was designed to be stressed at both ends with
subsequent shimming after lock-off to recover wedge pull-in,

(b) Vertical prestress

The vertical prestress consisted of 18 plastic coated strands,
each 8mm In diameter, anchored at the top and bottom cap surfaces in
barrel and wedge anchors. The specified jacking load was 56KN,
corresponding to 807 of the Characteristic Strength of the strand, and
the strand was stressed and shimmed at the top anchorage only, the
bottom one being inaccessible to the jack.

(¢) Planes of Weakness

The planes of weakness blocks were formed from 75mm square plastic
electrical conduit cut into 37%mm lengths for the base blocks and 75mm
lengths for the wall blocks. This conduit has one removable side which
enabled the sections for the wall blocks to be deformed to make a
circle around the liner. Two layers of blocks were provided below the
bottom plate of the liner and one layer around the wall.

The Design Pressure for the models, compatible with the above
structural details, was 1.9MN/sq.m and the calculated Factor of Safety
was 1.7.

3. ANALYSES OF THE MODELS

Analyses of the models were carried out using the computer program
ADINA (Automatic Dynamic Incremental Non-Linear Analysis) -TW version.
The program is designed such that it can perform a linear analysis and
then follow this with a non-linear analysis requiring only a relatively
few input changes, and was particularly suited to the analyses of the
PCRV models.

The analytical grid used for the analyses 18 shown in Figure 4
which also shows the points at which graphical output from the analyses
has been obtained. These points, and the vertical and horizontal
sections at which stress profile plots have been produced, were
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compatible with the locations of the internal and external
instrumentation so that the analytical plots could be used directly for
monitoring the behaviour of the models during their pressure tests.

The broad result of the analyses was to suggest that both models,
when tested, should behave very similarly, with linear behaviour up to
approximately 2.50MN/sq.m (1.32 x design pressure) and an ultimate load
capacity of approximately 4.75MN/sq.m (2.50 x design pressure). This
i8 1illustrated 1in Figure 5 which, for each model, shows the
analytically predicted vertical deflection at the centre of the top cap
for increasing pressure.

4. CONSTRUCTION OF THE MODELS

For the model with planes of weakness, the basic construction
sequence was:

- Place concrete in centre area of base with base reinforcement.

- Construct planes of weakness blocks on base.

- Place liner with its pre-applied screed.

- Construct planes of weakness blocks around liner.

~ Fix remainder of reinforcement, hoop prestressing strands, and

ducts for vertical prestressing strands.

- Place concrete in walls, up to liner top plate level.

- Place concrete in top cap and to top of walls.

- Fit vertical prestressing strands.

- Apply prestress,

The construction sequence for the model without planes of weakness
was similar, with the planes of weakness related activities omitted.
Construction of the model without planes of weakness preceded
construction of that with planes of weakness by approximately two
weeks. Steps were taken to ensure that, within practical limitations,
this time interval was maintained between key events 1in the
construction and testing of the two models so that, when tested, each
would be essentially the same age and in the same condition.

It had always been recognised that, for prestressing strands as
short as those in the models, wedge pull-in at lock-off would cause a
significant loss in anchorage load and it would therefore be necessary
to shim the stressed anchorages after lock-off to recover those losses.
Following some preliminary tests to estimate the loss in anchorage load
due to pull-in at lock-off it was decided to shim as many as possible
of the hoop anchorages by 2mm and as many as possible of the top
vertical anchorages by 4mm or, where not possible, by 2mm. In
practice, for the two models taken together, 8 vertical anchorages
accepted 4mm shims, and the remainder of the vertical anchorages and
all but 10 hoop anchorages accepted 2mm shims. Following the shimming
exercise a series of anchorage lift-off tests were undertaken and these
suggested that, compared to the design assumptions, the respective
levels of hoop and vertical prestress were approximately 257 and 15
less than intended.

5. PRESSURE TESTING OF THE MODELS

The two models were instrumented in an identical manner, each with
24 electrical resistance strain gauges and 22 deflection transducers.
Data from the instrumentation were collected by a data logging system
and processed to give output in microstrain and ;m.

Hydraulic water pressure was applied to the models by a
combination of air driven pumps, with a Standard Test Gauge connected
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into the hydraulic supply line to monitor the pressure during testing
of the models.

Following a preliminary pressurisation to 0.25 x design pressure,
to check instruments and equipment, the main pressure test on each
model consisted of three pressure cycles to design pressure
(1.9MN/sq.m) followed by one cycled to 1.5 x design pressure
(2.85MN/sq.m). For each cycle to design pressure, the instrumentation
was read at 0, 1.90, 2.24, 2.59 and 2.85MN/sq.m, and again on return to
zero. At each pressure hold several ingtrument scans were taken and
selected instrumentation data plotted to verify satisfactory behaviour
of the model prior to proceeding to the next pressure hold.

After the first cycle to design pressure of the model without weak
planes two damp patches were observed on the upper surface of the top
cap almost directly above the 1liner haunch, During and after the
overload test similar patches were observed, together with several damp
spots and water runs on the outside vertical surface. It was deduced
that the liner of this model had ruptured during the first pressure
cycle, that the concrete had subsequently cracked and that water
leakage had occurred. The behaviour of the instrumentation associated
with the top cap of this model supported that deduction.

6. RESULTS

For each model, averaged results for each pressure cycle were
plotted - on the appropriate predicted analytical plots. The plots
prepared comprised:

(a) Pressure against radial and vertical deflectionms. (Measured
and predicted)

(b) Pressure against radial, vertical and hoop strains. (Measured
and predicted)

(¢) Variations in radial, vertical and hoop stresses at various
sections through the models. (Predicted only)

(d) The deformed shape of the models at prestress only, prestress
+ design pressure. (Predicted only)

Altogether, 140 plots were produced for the two models and all of
them are presented in the study report. Clearly, within the limits of
this paper it is possible only to present a fragment of them and those
shown in Figures 5 and 6 have been chosen to illustrate the conclusions
given in Section 7 of the paper.

In assessing the results and forming conclusions from them, it is
necessary to bear in mind, firstly, the unavoidable differences between
the two models as built and as analysed, and, secondly, the small
magnitude of the deflections being measured during the tests. In
respect of the differences, whereas the analyses assumed a concrete E
value of 32GPa, the actual E values achieved ranged from 33GPa to
38GPa, thus making the models a little stiffer than predicted. Also,
with the actual level of prestress being less than that used in the
analyses, cracking during the overload test was to be expected earlier
than predicted. In respect of magnitude of measured and predicted
deflections, the values were, at maximum, less than 1 mm.

There i1is not, within this paper, sufficient time nor space to
comment fully on all the results that have been obtained but those
results which have had an influence on the conclusions drawn are
identified in Section 7 below.
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7. CONCLUSIONS
On the basis of the results obtained from the study, the following
conclusions have been drawn.

(a) The analyses indicate that the planes of weakness
configuration assumed in the study has no significant effect on the
structural behaviour of the PCRV.

(b) The behaviour of the top cap of the model with planes of
weakness agreed with analytical predictions, as shown by Figure 5 which
shows the plots of predicted and measured vertical deflection near the
centre of the top cap of this model.

(c) The behaviour of the top cap of the model without planes of
weakness did not agree with analytical predictions. It 1s believed
that this was due to the existence of pressurised cracks in the
concrete following rupture of the liner, as postulated in Section 5 of
this paper.

(d) The behaviour of the bottom cap of the model without planes of
weakness agreed with analytical predictions, with a plot of predicted
and measured vertical deflection at the centre of the bottom cap
similar to an inverted version of Figure 5.

(e) The behaviour of the bottom cap of the model with planes of
weakness did not agree with predictions. It 1is believed that this
unexpected behaviour may have been due to a mismatch between the
physical and analytical modelling of the material used to form the
weakness planes. It reflects the non-representative scaling of the
thickness of the material which would be used in a full size structure,
and indicates the need to keep this material as thin as possible.

(f) The barrel regions of both PCRV models behaved similarly and
essentially as predicted by the analyses, Figure 6 shows a typical
plot of radial deflection of the barrel of one of the models.

In general, the analyses confirm the findings of the previous
study in that the planes of weakness appear to have no significant
effect on the behaviour or integrity of the PCRV, Furthermore, the
corresponding regions of the models unaffected either by the water
leakage or by the scaling effect of the weakness plane material behaved
in an essentially similar manner. To this extent, therefore, the model
tests appear to support the analytical results.

The overall conclusion, therefore, is that the planes of weakness
feature could provide an acceptable means of facilitating the
dismantling of the activated regions of concrete in PCRV, biological
shields and similar structures.
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IN SITU TREATMENT OF CONCRETE SURFACES BY ORGANIC
IMPREGNATION AND POLYMERIZATION

P. URSELLA and G. MORETTI
Italcementi SpA, Bergamo, Italy

V. PELLECCHIA
SNIA Techint SpA, Rome, Italy

Summary

The impregnation by resins of concrete structures is a process well
known as PIC (Polymer Impregnated Concrete). This process improves the
physical-chemical features of concrete matrixes in order to extend
their durability when severe environmental conditions may occur. The
main objective of this research contract has been the verification of
a proper impregnation 'in situ' of existing concrete surfaces, of any
laying in the space, by means of a prototype machine, expressly
designed and implemented, and verification of the increase of
mechanical resistance, leach resistance, durability of treated
material. In a nuclear facility this goal is very important in
relation to the 1long term integrity of concrete structures during
operating lifetime and, in particular, after final shutdown.

1. INTRODUCTION

The research contract was subdivided into two main steps: the first
was devoted to the design, manufacturing, preliminary testing and setting up
of a special prototype mobile unit for 'in situ' treatment of concrete
surfaces by organic impregnation and polymerization. The second was relevant
to the project and implementation of a reinforced concrete walling unit,
treatment of some sectors of this unit, and characterization of the concrete
structure after impregnation. SNIA Techint were responsible for the
activities involved in the first step, while Italcementi took care of the
second one.

2. RESEARCH CARRIED OUT

2.1° Design, Implementation and Setting Up of Prototype Unit

The input data for developing the design of prototype were obtained
through preliminary laboratory tests designed to optimize the process para-
meters with a view to obtaining the desired depth and degree of
impregnation. Several series of tests on 4 x 4 X 16 cm concrete samples were
performed in a special working chamber at various temperatures and
pressures.

The main service requirements for the prototype machine were stated as
follows: capability of a tight coupling of the working chamber, by vacuum
action, to the concrete area to be treated during degassing and/or monomer
injection phases; capability to assure such coupling in all directions for
treatment of concrete floors, walls or ceilings; seals capability to
withstand the chemical attack arising from injected monomers.

A simplified scheme of the operative principle of the impregnation
chamber is shown in Figure 1. The impregnation prototype device was
designed, manufactured and then fitted on a specially modified fork 1lift
truck as shown in Figure 2. The main operating features of the unit are:
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- impregnation area for each cycle (1.8 m * 0.75 m). 1.35
- temperature setting range during dehydration 5 + 300 °C
- temperature gradient range 5+ 60 °C/h
- maxlmum vacuum attainable into impregnation chamber

during concrete degassing phase 10 kPa
- maximum overpressure during monomer injection 25 kPa
- maximum power demand during concrete dehydration 7 kw
- maximum power demand during thermopolymerization 6 kW
- attraction strength developed by the vacuum annulus

under 50 kPa depressure 3.2 kN
- thrust inside impregnation chamber created by monomer

1njection at about 20 kPa overpressure 2.7 kN

Preliminary tests were carried out at the workshop; after a proper
setting up, the prototype unit satisfactorily performed all operations,
attaining or even exceeding the targets established in the project. The unit
was then shipped to the Italcementi laboratories to start the experimental
research work.

2.2 Project and Manufacture of a Concrete Walling Unit

In order to carry out the investigation programme, a concrete
structure was designed and implemented, the size and shape of which was
representative of an actual concrete unit. A schematic outline of this
structure, consisting of vertical and horizontal elements, is shown in
Figure 3. The vertical portion was 0.30 m thick, 8.0 m long and 3.50 m high.
The concrete was reinforced by means of square-mesh nets formed by 0.02 m
diameter rods with improved adherence. At the project stage, it had been
decided that half of the structure should be made of ordinary concrete and
the remainder of high density baritic concrete.

The baritic aggregate used to manufacture the heavy concrete was made
up of a single fraction having a minumum diameter of 25 mm and an absolute
density which turned out to be 4200 kg/m', as provided for by UNI (1l). The
chemical analysis showed a high BaSO4 content (93.59%) along with the
presence of CaO (3.03%) and SiOp (2.46%). Ordinary concrete was prepared
with sand and river gravel of a siliceous nature and using eight different
fractions to obtain a grain size curve with maximum diameter of 22 mm. The
characteristics of the mixes and the physical and chemical properties of
both heavy and ordinary concrete, as received and after laboratory
impregnation, are given in Table I. On carrying out impregnations, according
to laboratory procedures, we could prove that these concretes absorbed a
relatively small amount of monomers, l.e. 2.5 + 3.5% by weight. The
mechanical compressive strength was measured on 100 mm edge cubes. The
modulus of elasticity and Poisson's ratio were measured on four cylinders
for each type of concrete (normal and PIC) in conformity with guidelines of
UNI (2). The thermal conductivity coefficient was measured on two couples of
0.07 x 0.65 x 0.65 m plates, by the method of a hot plate equipped with a
guard ring (3).

2.3 Impregnation and Polymerization of some Sectors of the Concrete

Walling Unit

Eight segments were taken from the concrete unit and treated by means
of the experimental equipment set up by SNIA Techint. Two cycles of
treatment were proved: one called 'short' treatment, the other 'extended'.
The phases and the times required by each treatment phase are shown in
Table II. During the structure desiccation process a temperature control was
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carried out by means of three thermo-resistors Pt-100 placed into three
holes which were located at the centre of the area involved in the
treatment, at a depth of 35.0, 55.0 and 100.0 mm respectively. The
temperature trends as a function of time and related to the extended cycle
are shown in Figures 4 and 5. 1Is is clear that the temperatures measured on
the portion of the structure that were built out of baritic concrete are
significantly different from those obtained on normal concrete. The
different thermal conductivity of the material, 1.4 W/m/°C of baritic
concrete against 2.2 W/m/°C of normal concrete, has a considerable effect on
temperature profiles. Upon completion of heating, heavy concrete had gone up
to a temperature of 120°C at a depth of 3.5 cm under the 'short' treatment
and 150°C under the 'extended' treatment. At the same depths and during the
same periods temperatures were 15°C lower in ordinary concrete.

As far as hot water polymerization is concerned, two procedures were
tested: in the former water was heated in the machine boiler and allowed to
circulate via the pump; in the latter, water was heated via the resistors
fitted to the impregnation chamber itself, starting off with hot water and
without resorting to circulation.

2.4 Characterization of Concrete Structure after Impregnation

After polymerization, the tollowing samples were collected via coring
from each of the treated segments: cores measuring 50, 100 and 150 mm in
diameter. The cores with a 50 mm diameter were cut by means of a diamond
bladed saw into 10 mm thick sections, and from each of these the samples to
be used for both differential thermal analysis and pore size analysis were
cut out. Two cylindrical 20 mm thick specimens were sliced from the 100 mm
diameter cores for the purpose of measuring water absorption by capillary
upstarting and of determining the porosity accessible to water. Specimens
were collected from the 150 mm diameter cores in order to evaluate their
resistance to sliding friction by means of an Amsler tribometer and to
subject them to leaching tests.

3. RESULTS

The differential thermal analysis performed both via Differential
Scanner Calorimetry (DSC) and according to a simplified procedure, made it
possible to determine the polymer content of concrete at different depths.
The determinations of capillary absorption, whose results are summarised on
the diagrams in Figures 6 and 7, stress the effect of impregnation. The rate
of absorption by capillarity in impregnated concrete was much slower than in
normal concrete: ordinary concrete achieved a steady state soon after
24 hours, whereas impregnated concrete did not, even after 320 hours.
Moreover, on conclusion of the test, the quantity of water absorbed by
impregnated concretes turned out to be about 50% lower than that of ordinary
concretes. Table III shows the results of the water absorption test under
vacuum, performed according to UNI(4). The values relating to resistance to
wear, whose results are given in Table III, show that impregnation has a
weak effect on concrete made of silico-calcareous aggregates, while it
boosts resistance to wear of baritic concrete by around 15%. The extended
treatment, whose results are shown in the diagrams in Figures 8 and 9,
boosted both the percentage of absorbed resins and the concrete depth
involved in the treatment. 1In the outer 8 cm the percentage of resin was up
to 3.5% wt; moreover impregnation and polymerization involved the concrete
up to a depth exceeding 60 mm. The pore size analysis showed that, wup to
approximately 45 mm, that is the area which had been involved in the
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treatment to a greater extent, porosity was three times lower with respect
to concrete as received.

Leaching tests were carried out in accordance with UNI provisions (5).
In this case we started analysing the leaching solutions at preset ages
comprised between one and 60 days, in order to find the main constituents of
the cementitious matrix: Na, K, Si, Ca and Mg. Three leaching solutions were
prepared: a solution with pH 7.0 (distilled water), a buffer solution with a
pH of 5.7 (glycine) and a buffer solution with a pH of 2.3 (glycine
sulphate). Two testing temperatures were used: 20°C and 40°C. The results of
the analytical determinations (expressed in mg/l per day) indicate an
asymptotic decrease in the rate at which ions concentrate in the leaching
golutions. In particular, it was found that there existed no significant
differences between the behaviour of baritic concretes and that of siliceous
ones. This fact leads us to suppose that ions contained in the solutions
mainly come from the cementitious matrix. As compared to the behaviour of
concretes as received, the PIC behaviour is greatly different due to ions of
alkaline elements (Na,K), whereas it is not in the case of Ca, Mg, and Si.
As an example, Figures 10 and 11 reproduce the diagrams relating to baritic
concrete, either impregnated or not.

4. CONCLUSIONS

The main purpose of the research programme, that is the implementation
of a system for the 'in situ' impregnation of concrete, has been fulfilled.
The periods needed by the impregnation treatment turned out to be longer
than those required for laboratory tests or for impregnated prefabricated
structures, made of ordinary concrete.

'In gitu' treatment, even if carried out on a compacted, nuclear grade
concrete, reached an approximate 6 cm depth. The content in polymers of an
impregnated concrete usually amounts to about 5% by weight, whereas in the
concretes under testing it amounts to a fiqure ranging between 3% and 3.5%
by weight, owing to their reduced porosity. When investigated by means of
such mechanical tests as compressive strength, resistance to wear, modulus
of elasticity or by means of physical and chemical determinations (pore size
distribution, water absorption, leaching test), the improvement of concrete
characteristics justifies both impregnation and polymerization processes.

This treatment prevents leaching solutions from entering the inner
part of the cementitious paste, while preserving it from the attack of
external aggressive or contaminant agents.

REFERENCES UNI (*)

(1) UNI 8520 - Section 13 - Aggregates for use in concretes. Determination
of density and water absorption of fine aggregates.

(2) UNI 6556 - Tests of concretes. Determination of static modulus of
elasticity in compression.

(3) UNI 7745 - Insulating materials. Determination of thermal conductivity
by means of the guarded hot plate method.

(4) UNI 6394 - Section 2 - Density of concrete. Determination on hardened
concrete,

(5) UNI 8798 - Radioactive waste solidification products. Long term leach
test.

(*) UNI - Ente Nazionale Italiano di Unificazione.
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TABLE I: Physical and chemical properties of ordinary and barytic
concretes, prior to and after impregnation

NORMAL CONCRETE BARYTIC CONCRETE
as impreg- as impreg-
received nated |received nated
Cement amount (kg/m3) 354 - 320 -
Water/cement ratio 0.50 - 0.50 -
Density (fresh concrete) (kg/m3)| 2,370 - 3,475 -
Flexural strength
7 days (kg/cm2) 52.1 - 39.4 -
28 days (kg/cm2) 53.8 - 45.8 -
Compressive strength
7 days (kg/cm2) [ 379-336 - 332 -
28 days (kg/cm2) (| 440-415 - 436 -
90 days (kg/cm2) 531 874 561 712
Modulus of elasticity (kg/cm2) 364,900 | 400,000 [ 294,800 || 314,200
Poisson's ratio 0.20 - 0.24 0.23
Thermal conductivity (W/m°C) 2.13 2.35 1.42 1.27
Coefficient of thermal
expansion (um/m°C) 12.45 12.25 18.01 17.70
Polymer content (% in wt.) - 2.38+#3.06 - 1.89+2.55

TABLE II: Impregnation and polymerisation: times required for
the different phases and the two different treatments employed

TIME (hs)
PROCESS PHASE
"SHORT" TREATMENT | "EXTENDED"TREATMENT

Heating up to 110°C 4 8
Heating up to 160°C 6 8
Natural cooling 14 12
Degassing 1 1
Impregnation with monomer

(pressure at 0.2 atm) 5 10
Polymerisation with H20 at H20 4 6

TABLE III: Absolute density, porosity accessible to water, and wear
due to sliding friction

DENSITY POROSITY (WEAR DUE TO
SLIDING
FRICTION
kg/m3 volume % mm/1000 m
BARYTIC CONCRETE
External surface 3464 6.93 10.60
At 16 cm depth 3491 10.20 14.56

NORMAL CONCRETE
External surface 2358 7.87 6.25
At 16 cm depth 2316 10.02 6.67
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INFLUENCE OF DESIGN FEATURES ON DECOMMISSIONING OF A
LARGE FAST BREEDER REACTOR

FOURNIE J-L., ALARY C., MAIRE D., de SEROUX N., PEYRARD G.
Novatome , Lyon , France

ABSTRACT
The evolution of FBR design in Europe shows that pool-type design will become the
reference design for future FBR and the projected European Fast Reactor (EFR)is
based on this concept. The identification of design features shows that the main
contributors of the sodium and structures activity are the Co60 for gamma radia-
tion source and low decay, Ni63, Nb94 and Ni 59 for long time decay. So, the techni-
cal benefits of a Co content reduction are interesting for the high activated struc-
tures and for diagrid thimbles coating and we made proposals to lower Co content in
steels or alloys and to substitute coatings . We identify measures which must facili-
tate both the sodium draining and the reactor block and internals cleaning : all
which improve the gravity draining and the downing of the sodium flow make ea-
sier the penetration of cleaning products. The features , connected with the dis-
mantling of the very activated internals structures , of the roof and of the lay-out ,
are mentionned.

1- DESIGN FEATURES OF A LARGE FAST BREEDER REACTOR (FBR)
The general structure of a fast breeder reactor always includes 3 main systems : the
primary sodium system , removing the heat produced in the core (this sodium is ac-
tivated by neutrons), the secondary sodium system , non-radioactive, and the third
steam-water system . Two design solutions are then possible : either the primary
system is entirely contained in a large vessel (pool-type), or the vessel only contains
the core (loop-type) . Most large FBR are designed on pool-type (figurel),and all Eu-
ropean studies used this concept after the SPX1 construction (SPX2 in France ,
CDFR in the UK, SNR2 in Germany) . So the projected European Fast Reactor
(EFR) will be a pool-type NSSS.

For these pool-type reactors, all the activated orcontaminated components are
enclosed in a single vessel. Figure 2 shows the SPX1 reactor block.
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2. IDENTIFICATION OF THE MAIN FEATURES DETERMINANT TO DECOM-
MISSIONING

This designleads torelative positions of the core, of the internal structures and of the
removable components (pumps, exchangers) such as the far components and stru-
tures are very little activated, and particularly, the vessel vault concrete is not ac-
tive.

Only components which are in the main vessel , will be activated or contamina-
ted. Also , a calculation of the activation and contamination by corrosion and fission
products was achieved. The calculation was executed for the Superphénix 2 reactor
from codes (Corona,C ANIS N)validated by the tests and the working experience of
the reactors Phénix and Superphénix1. The hypotheses of the calculation are the di-
mensions and specifications used for the Superphénix 2 project : Co content of 0,2%
for the stainless steels (1800t) , and of 1% for the Inconel 718 (5t).

A radioactive products balance shows (Table I):

-the primary sodium contains Na22 (activation) ,

-the components near the core are very activated (essentially Co60),

-the diagrid stellite is the most important source of the structures,

-the sodium and the structures are contaminated by the fission products (Cs 137)
and the corrosion products (Mn54 et Co60) but not really by the actinides .

COMPONENTS WEIGHT |9 xH TYPE ACTIVITY | DOSE RATE

(t)xnb  [(m)x(m) * (Bg) (Sv/h)
SODIUM 2800 ACT(Na22) 1.6E+6/g
PRIMARY PUMP 100x 4 22x15 PC(Mn54) 1.8E+12 0.04 at 0.5m
EXCHANGERS (IHX) 70x 8 3x17 PC(Mn54) 3.7E+12 0.06 at 0.3m
LOAD MACHINE 20 22x16 ACT(C060) 1E+5/g 0.04 contact
ROD MECHANISM | 1.5x33 0.3x10 ACT(Agl10m) |15E+8/g |90 contact
MAIN VESSEL 360 20x 16 ACT(Co60) 80/g 2E-5 contact
INNER VESSEL 200 19x 10 ACT(C060) 4E+3/g 0.18 contact
ROOF SLAB 1100 20x25 |PR(Cs137)  |3E+3/cm?
ROTATING PLUGS | 800 10x33 |PR(Cs137)  |3E+3/em?
ACS 150 45x9 ACT(C060) 3E+6/g 0.75 contact
DIAGRID 150 7x1 ACT(Co60) TE+9/g 1000 contact plate

ACT{(C060) 4 E+12 Bo/g stellite

STRONGBACK 200 13x3 ACT(C060) 15E+7/g j 3 contact

* . ACT: activation PF : fission products PC: corrosion products 1Ci = 3.7E10Bq



141

Radi . ’ .
Complementary calculations have been done for decay time between 0 and 200
years, and they take into account the long half-life radionuclides . The main contri-
butors are the Co 60 for gamma radiation source (first 80 years), Ni 63, Nb 94 and Ni
59 for long time decay.

The figures 3 and 4 show the results for the diagrid and the lower part of the
main vessel: the activation level decreases from the most activated structure (the
diagrid) to the external structures (vessels, slab, concrete) which are protected du-
ring the 40 years in operation by neutron shields and the sodium surrounding the
core. The concrete of the pit is not activated : a pool-type fast breeder reactor is not
producing activated concrete wastes .

For internal structures , from the previous figures , we deduce a decay type
curve , with characteristic inflexion points : the first one for a 25 to 30 years till the
cobalt part becomesinferior to the nickel 63 part , the second one fora 80 to 100 years
till the Nb94 part becomes superior to the Co60 part (cf figure 5).

D . e fal FBR
A Superphénix 1 study (ref([2] ) showed that it is possible to decommission this reac-

tor up to each of the 3levels defined by the IAEA. Applied to the Superphénix 2 reac-
tor , and taking into account the previous results, we can consider the following
cases :

- level 1: after the final shutdown, only roof components (pumps, IHX, control rod
mechanism,..) will be removed, primary and secondary sodium loops being drained .
Internals and other components , which were in sodium , could be dismantled after
about 30 years.

- level 2 : after the final shutdown, dismantling of all nuclear components except
internal structures in the reactor block. Buildings (except reactor building) are dis-
mantled. The reactor block and structures could be dismantled after about 100
years,

- level 3 : after the final shutdown, all structures could be dismantled.

3- REDUCTION OF COBALT CONTENT IN STEELS AND ALLOYS :

Technical benefits of the Co content reduction are interesting for high activated
structures, either on decommissioning (reduction of dose rate , activity, wastes,.), or
on plant maintenance by reduction of biological shields thickness (handling flask ,
hot cells,..), by components maintenability improvement and by in-service inspec-
tion improvement.
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The cobalt content in stainless steels (SS) or Inconel depends firstly on the co-
balt content of the nickel iron used in SS, then on smelted alloys percentage , on scrap
and finally on the hearth furnace type .

SS: from an initial specification of 0,2% , the costs increasing due to the Co content
reduction on provisioning is:

0,2% to 0,1% of Co content : 0 or some %

0,2% to 0,05% of Co content : ~10 %

0,2% to 0,01% of Co content : no values.

Inconel: from aninitial specification of 1%, the costs increasing due to Co content re-
duction on provisioning is :

1% to 0,1% of Co content : ~ 10%

1% to 0,05 % of Co content : ~30% or more.
Proposals are given in table hereafter :

COMPONENTS . INITIAL SPEC PROPOSAL
MAIN & SAFETY VESSELS . SS:0,2% 0,2%
INTERNALS STRUCTURES(DIAGRID, ..) S8:0,2% 0,05%

ACS LOWER PART $8:0,2% 0,05%

ACS UPPER PART S8:0,2% 0,2%
INNER VESSEL SS: 0,2% 0,1%
REMOVABLE COMPONENTS ON ACS (LOWER) | SS:0,2% INC:1% | 0,05%
REMOVABLE COMPONENTS ON ACS (UPPER) | SS:0,2% 0,05%
PARTICULAR BOLT STEEL no specification 0,2%

4- SUBSTITUTION OF COBALT COATINGS

The base cobalt hard-facing ("stellite") , on diagrid thimbles , is the main activation
source of the reactor block (see table I). A 100 years waiting does not suffice to obtain
a complete decay of this hard-facing (~1 MBq/g). So, one of the important recom-
mendationsis the substitution of this coating by a cobalt-free coating or the applica-
tion of a surface treatment .

The choice criteria of a new material or surface treatment are at first its quali-
ties of friction in sodium at high temperature , its cost and its activation under the
neutronic flux . Selection tests show that some substitute hard-facing ( nitrure coat-
ing, "aluminiures") or shoot-peened materials seem to have good friction character-
istics (see ref [3] & [4]).

A comparative cost of the use of selected materials or coatings is given in the
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table III hereafter.

reference
12
% 10 /10 1120
[
STELLITE NI ALLOYS NITRURE ALUMINIURE SHOOT
CO ALLOYS COATING PEENING

This hard-facing activation has been calculated , in comparison to cobalt coating. It'
s equivalent to the SSbase metal as shown in figure 6 for the nitrure coating. The es-
sential measure to take into account is the cobalt base hard-facing suppression re-
placed by a qualified substitute hard-facing, particularly by undertaking some tests
to know the influence of activation on friction characteristics .

6- BLOCK REACTOR DRAINING AND CLEANING

One of the FBR principal characteristics is their cooling by liquid sodium, and this
coolant fluid gives particular constraints for the decommissioning , particularly for
the draining and the cleaning of the reactor block .

The elimination of the sodium adhering to the metallic surfaces can be realized
during the decommissioning by a water washing , perfectly controled for the small
thicknesses , but which does not suit for big retentions . These retentions must be
avoided by preventive design. The measures , which must facilitate both the sodium
draining , and the reactor block and internals cleaning , are converging : all which
improve the gravity draining and the downing of the sodium flow make easier the
penetration of cleaning products . These measures concern at first , all the diagrid
and the core support structure taking into account simple technical improve-
ments to solve important difficulties: for example to foresee the drillings and a hol-
low thimble needed for the draining device .

In the case of a long delay , it could be interesting to change the sodium in a
stable compound, by example in carbonate , before its ultimate removal.

The primary sodium purificationin cesium (Cs 137) during the reactor draining
is recommended whatever its outcome.
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6- INTERNAL AND SLAB STRUCTURE CONCEPT

The features connected with the dismantling of these very activated internals
structures are ticklish to treat , because they are connected to their design . But we
propose several measures such as:
- to pursue the components weight reduction ,
- to maintain at the design stage the provision for removing some components (ACS,
neutron shield assemblies,..),
- to study the possibility of removing some others like the roof and the rotating

plugs.

7- GENERAL LAYOUT

Several improvements , connected to the handling means , the packing and the
conditionning area of the reactor block structures , are proposed, particularly:
- to have an handling multipurpose device available for decommissioning,
- to foresee the possibility of future use of some equipment operation (cells and stor-
age fuel pool ) by fitting up their access.

8- CONCLUSION

The examination of the FBR design characteristic influence on their decommis-
sioning allowed us to verify that a fast reactor, in spite of a few specific problems (so-
dium , diagrid) , should not give more problems for its decommissioning than a ther-
mal reactor . Nevertheless the acquired experience or to be acquired during a fast re-
actor decommissioning at final shutdown (Rapsodie,..) will have to be exploited so as
to get the experimental data for the future commercial pool-type reactors.

These measures can be important for decommissioning as well as for some ex-
ploitation operations and the acquired benefit is more especially quickly appreciat-
ed as it decreases the exploitation costs , without waiting some further decommis-
sioning operations.

The identified measures must, in their principle, be studied and adapted if ne-
cessary during the studies of the European Fast Reactor , EFR .
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THE RACK REMOVAL SYSTEM AS A NEW DESIGN FEATURE ADOPTED
TO FACILITATE DECOMMISSIONING OF THE REPROCESSING PLANT.
DECONTAMINATION AND REMOTE DISMANTLING TESTS
IN THE ITREC PILOT PLANT.

CANDELIERI T., GERARDI A., SOFFIETTO G.
ENEA - Comitato Nazionale per la ricerca e per lo sviluppo
dell'Energia Nucleare e delle Energie Alternative
Rotondella (Matera), Italy

ABSTRACT

The scope of this research is to evaluate the advantages of the
Rack Removal System in the dismantling of reprocessing installations.
The objective of this work is to verify experimentally the
possibility of the decontamination of any particular module and the
capability of the remote dismantling of components installed in the
mobile rack. In particular, the main objective is to develop remotely
operated equipment for the dismantling of centrifugal contactors.

The equipment's decontamination, which represents the most
important preliminary phase of the decommissioning operation, allowed
to obtain low level radioactivity.

A supporting program has been performed in order to define data
project and design of the remote dismantling machine.

On the basis of tecnological cold test results it has been
optimized the project of the dismantling machine's construction.
Positive results obtained during the hot dismantling operations on
the Rack 6 bis attested the effectiveness of the Rack Removal System
as an original design which provides an easier decommissioning of
reprocessing plants.

1. INTRODUCTION

The ITREC is a multipurpose pilot plant; it started in hot operation
in July 1975, with the reprocessing of Elk River Reactor Th-U spent fuel
elements.

The main characteristic which differentiates the ITREC plant from
other reprocessing plants is its modular units, the mobile racks, in which
all equipment for the main chemical process is installed. Such an
arrangement provides for the remote-controlled removal of the individual
mobile units during maintenance and/or modification work. This original
design of the ITREC pilot plant, based on the RACK REMOVAL SYSTEM,
facilitates also the decommissioning operations.In fact this system
permits the remote transfer of the process equipment, installed on the
mobile rack, from the Hot Cell to the Decontamination Cell. Herein is
done the internal and external decontamination of the equipment in order
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to reduce the radioactive level for a safe access of the personnel during
the dismantling operations.

The aim of the present research consists in the development of
remotely—operated equipment in order to dismantle the centrifugal
contactors installed on the Rack 6 bis (see Fig. 1).

2. PROGRESS AND RESULTS

2.1. Decontamination Operations

The decontamination operations have involved the Rack 6 and the Rack
6 bis. These Racks, including the evaporator of the 1AW flow and the
first stage mixer-settler extraction battery, represent the most
difficult section (of the ITREC plant) to decontaminate; in this occasion
a total decontamination of +the plant reprocessing section was also
performed in order to verify the efficiency of the washing system used
and the possibility of access to the Hot Cell.

The decontaminating solutions used are storaged in the High Level
Waste tanks of the plant until their solidification.

The need to avoid the introduction into the storage vessels of ions
which may upset the subsequent solidification-vetrification process and,
still more important, the need to ensure compatibility of these solutions
with plant material (AISI-304L) for a long storage, has led to the
exclusion of all commercial decontaminating agents whose efficiency is
based essentially on the combined action of high oxidant substances with
high complexing power, which are highly corrosive.

The decontamination procedure, using firstly HNO_=12M and
successively less concentrated solutions till a final washing with
demineralized water, certainly takes more time than a procedure with more
active decontaminants; however, no problems about materials'
compatibility and future treatment and conditioning of waste have arisen.

The evaporator and the tanks with heating jackets were
decontaminated in two consecutive cycles (HNO_ conc) maintaining the
decontamination solution for 10 h at boiling %emperature and emptying
completely the tanks at every cycle: finally, a double washing with
demineralized water was done.

For the decontamination of the mixer-settlers extraction battery the
flowsheet of Thorex process was used, substituting, to the normal feed a
HNO_=6M solution and finally washing with the demineralized water. In the
absence of in-line control the decontamination 1levels subsequently
achieved were checked by sampling in the H.L.W. accountability tank (1AW
flow); the gross gamma are shown in Tab. 1.

The dose values found in plug rooms of Rack N° 6 were sufficiently
low to enable the disconnection of the rack and its transfer to the
Decontamination Cell.

Decontamination of the mixer-settlers battery and of Rack N.6 was
completed in the Decontamination Cell by successive washing with: Na_CO
at 20%; COO(NH4) = 0,3M + EDTA = 0,18M; HNO_ = 6M, using for everg
washing 100 1. oé!solution introduced in the first stage of the battery
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and subsequently in the other equipment.

At the final stage all equipment has been first flushed with
demineralized water (50 h) to eliminate acidity in the piping and then
flushed with steam and air to dry it.

Finally the rack was spray-washed externally with demineralized
water within the Decontamination Cell.

Decontamination Procedures
Decontamination Procedure of Rack No. 6 in Hot Cell

Vessels with heating system (Evaporator, etc.):

. Vessels filling - at operative volume - with HNO3 12M

. Heating at boiling point for 10 h.

. Total emptying of solution

. Repeat the above three operations

. Two washings with demineralized water (vessels filling at operative

volume) _3
After these operations the radioactivity concentration is ==<10
MBq/l (verified by sampling and analysis).
Vessels without heating system:
. Vessels filling - at operative volume - with HNO3 12M
. Homogenizing for 1 h.
. Total emptying of solution
. Repeat the operations N.1l, N.2 and N.3 3

After these operations the radioactivity concentration is =10
MBq/1 (verified by sampling and analysis).

Connection pipes:

. All connection pipes are decontaminated by flushing the
decontaminating solutions during its transfer between two vessels and
maintaining the steam flow for more 10 minutes.

Mixer-Settlers Battery:

. The decontamination of the mixer-settlers battery is done by feeding
for 50 hours the normal flow sheet solutions with exception of the 1AF
stream which is substituted by HN03=6H solution,

. The decontamination level is verified by analyzing samples of the
effluent collected in the vessel.

. The final value reached in the 1AW collecting vessel is 10 MBq/l.

Transfer Operation of the Racks from Hot Cell to the Decontamination Cell
. Complete empting of the equipment and pipes

. Internal washing, when possible, of the equipment and pipes

. External washing of the terminal boxes, connectors and metal surfaces
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inside the double wall

. Disconnecting the pipe connectors on the three terminal boxes

. Releasing the lock which fastens the rack to the first steel wall

. Traversing the truck to the rack loading position

. Moving the rack from its working position onto the truck

. Moving the truck to the door leading from the hot cell to the
decontamination cell

. Transferring the rack from the truck to the interior of the
decontamination cell

. External decontamination of the rack and internal decontamination of
the chemical equipment, pipes and accessories by suitable
decontaminating solutions

. Transfer of the decontaminated rack from the decontamination cells to
the corridor area through the ceiling trap door.

Decontamination Procedure of Mixer-Settlers Battery in Decon-
tamination Cell

. The radiation exposure level was measured in different points of the
Rack. The maximum value noticed was about 4.10 mC/kgh (16 R/h).

. The decontamination of mixer-settlers battery has been completed in
the decontamination cell by further washings with 100 1. each of the
following solutions:

- co 2
1st Na2 3 at 20%
2nd - COO(NH4)2 = 0,3M + EDTA = 0,18M

3rd - HNO3 = 6M
. Final washing for a time of 50 h. with the 200 1. total volume of
demineralized water.

. Flushing by steam and air.
. Remote external washing by HNO3 0,1M solution (300 1.).

. After these washing operations the maximum value of radiation exposure
was 1.03 mC/kgh (4R/h).

Decontamination Procedure of the Rack 6 bis

The Rack N. 6 bis, equipped with the centrifugal contactors (1st
cycle) extraction battery has been utilized for a preliminary nuclear hot
tests.

In order to perform the remote dismantling tests on the Rack 6 bis,
it has been decontaminated with the same modes utilized for the Rack No.
6 as previously described.
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After the cycles of internal and external decontamination the
radiocactivity level surveyed was not superior to 2,5 /uC/th. Data were
reported in Tab. 2 with reference points in Fig. 1.

The Rack 6 bis was disconnected from the three plugs and transferred
to the Decontamination Cell by the Rack Removal System.

2.2. Design and construction of cutting equipment for

dismantling the centrifugal contactors

The preliminary design of the cutting equipment for dismantling the
centrifugal contactor has been conceived taking in account the following
constraints:

. clearance of the plant (ceiling trap door)

. layout of the Rack 6 bis

. facilities installed into the cell.

The main feature of the dismantling machine was to remotely operate
for cutting connection tubes of the centrifugal contactor and to unscrew
the two anchor bolts.

The remotely removal of the centrifugal contactor was done by a
special grapple purposely designed and moved by the 10 ton bridge crane
installed in the upper area (corridor) of the cell moved through the
ceiling trap door.

In the preliminary R&D design was adopted the rotary disk cutter
system but its negative laboratory's test results suggested the
opportunity to substitute it with shear techniques. The main reasons for
having chosen this technique were:

. the restricted clearance available near the contactor prevented the
access of the rotary cutting tools,

. the significant formation and spread of radioactive swarfs during the
sawing operation;

The machine final design 1is equipped with a control consolle
(master) (Fig.2) and a cutting operative unit (slave) (Fig. 3).

The dismantling machine has been conceived to operate inside the
decontamination cell of the ITREC Plant behind walls using shielding
window, mechanical manipulators and close circuit television to visualize
the processing procedures.

The main items of the dismantling device equipment are indicated as
follows:

. Frame structure along with the guiding rail supporting the cutting
operative unit (3) which is moved to face each of the 16 centrifugal
contactors installed on the Rack 6 bis.

. Cutting operative unit (Fig. 3) constituted by:

-hydraulic pistons driving horizontally and vertically the shears;
-pneumatic screwers for bolts removing;

—electrical motor reducer for cutting unit motion on the rail;

—electrical motor reducer for vertical adjustment of the shears and
screwers;

~compressed air buffer tank for shear force regulation;
—CCTV cameras.
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The cutting unit is remotely operated by a control consolle located

outside the decontamination cell close to the shielded window through
which the operators follow directly the work (Fig. 2).
Television is used as an auxiliary viewing system to help performance
handling tasks in hard-to-see places. The television system consists of
two cameras with zoom installed on the dismantling device and monitor
located on the control consolle. With this system, the capability is
available for doing close alignments work as well as general
surveillance.

Remote dismantling operation

As a conseguence of the highest radioactive level checked on the
centrifugal contactor No. 6 (ref. point 14 — Fig.1-Tab. 2) it was decided
its removal.

Following is described the removal operative sequence:

— Transferring the dismantling machine from the corridor to the
decontamination cell. Facing and alignement with Rack 6 bis has assured
with interconnecting clamps and mechanical safety interlocks.

- Supplying the electric and pneumatic service line. Control board's
instrumentation is now actuated.

— Positioning of the operative unit in front of the Centrifugal contactor
No. 6. The two electric drives provide its motion; encoders display
assures correct position coordinates of the shears according to the
runway indicated in the following sketch. CCTV monitors permit to
follow the approach and successive operational sequence.

— Cutting of the connection's +tube in accordance with operative
procedures worked out during the previous cold tests. 0il pressure
changing also confirms that the cutting action has been completed.

- Grappling of the centrifugal contactor prong (a specific pneumatic
grapple has been designed and constructed for this handling operation,
see Fig. 5).

- Positioning of the operative wunit for anchor bolts unscrewing

" operation.

— Operating the pneumatic unscrewer and removing the two anchor bolts
(Fig. 5).

— Lifting the removed component from the shaft coupling system (Fig. 6).

~ Transfer the removed component into the shielding container (Fig. 7).

— Transfer the shielding container to the waste area of the ITREC Plant
for eventual storage.

3. CONCLUSIONS

The main purpose of the present research is to demonstrate how the
project philosophy of a nuclear reprocessing plant, based@ on the Rack
Removal System, can facilitate final decommissioning operations.

A further contribute to facilitate the plant decommissioning is
certainly due to and adequate engineering solution of connection tubes
outline among the installed equipments on each mobile unit (racks).
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tubes to be cut
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The Rack 6 bis, on which were carried out the remote dismantling
tests, has been realized on the basis of these two design criteria.

The experimental results obtained by these tests confirm
substantially the objectives of the present research program.

Furthermore the results demonstrate the remote dismantling
feasibility of plant equipment previously arranged according to the above
mentioned criteria. In fact in the reprocessing plants some components
(as mixer-settlers battery) due to their complex geometry are not easy to
decontaminate and therefore represent a s8source of radioactivity
irradiation.

The possibility of the remote removal of these components
facilitates the final decommissioning operations reducing the man-rem
dose at reasonable costs.

In this research program dismantling operations were carried out by
mechanical cutting techniques (shears) but other cutting techniques could
be adopted (rotary disk cutter, plasma arc, laser) when these will have
reached adeguate reliability in decommissioning application.

The ultimate goal of the R&D in decommissioning is to produce an
integral system constituted by advanced teleoperated robots associated
with one of the cutting techniques above mentioned.



Tab. 1 EXPOSURE INTENSITY OF RACK 6 bis IN THE DECONTAMINATION CELL

Reference | Ist measurement after 2nd measurement after | 3rd measurement after | 4th measurement after 5th measurement after
. removal in the washing with washing with washing with HN(8 6M external washing
point decontamination cell Na,CO5 20% COO(NH,4), + EDTA and demineralized water and air drying
Extemalside| Internal side | Extemal side| Interalside | Extemal side| Internalside |External Sidj Internal side | Externalside| Internal side
(C/Kgh) | (uC/Kgh) | (uC/Kgh) | WOC/Kgh) | (C/Kgh) | C/Kgh) | (uC/Kgh) | (uC/Kgh) | auC/Kgh) | (uGC/Kgh)
1 1.6 1.5 0.8 0.9 0.4 0.6 0.13 0.51 0.12 0.41
2 23.5 26.4 18.72 19.2 9.8 10.3 2.06 2.6 1.6 2.16
3 3.9 2.7 1.5 1.05 13 0.51 0.9 0.4 0.6 0.4
4 3.9 4.42 1.82 3.12 0.9 1.3 0.51 0.51 0.41 0.25
S 3.12 2.5 1.5 2.06 1.23 0.51 0.4 0.51 0.3 0.42
6 9.05 9.80 3.9 3.4 2.6 2.6 2.06 2.08 1.3 1.3
7 9.4 121 3.12 3.12 2.06 2.20 2.06 1.82 1.82 13
8 10.7 111 7.6 8.2 4.7 5.0 13 1.5 13 1.5
9 5.4 3.35 4.42 2.7 2.75 2.2 0.6 0.6 0.6 0.6
10 3.0 3.4 2.06 2.01 1.0 0.6 0.25 0.5 0.25 0.5
11 3.0 3.10 1.82 2.25 0.9 0.95 0.25 0.25 0.15 0.25
12 2.8 2.7 1.7 1.6 1.4 1.20 0.25 0.15 0.25 0.15
13 2.7 2.8 2.09 2.09 1.22 1.21 0.18 0.15 0.15 0.15
14 242 31.3 9.2 21.5 6.7 9.7 2.3 2.6 2.11 2.5
15 2.7 2.6 2.09 2.02 1.19 1.20 0.6 0.4 0.4 0.25
16 2.6 2.8 2.05 2.01 0.7 1.10 0.6 0.15 0.4 0.15

95T
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Fig. 5.

Unscrewing anchor bolts operation
- the grapple (f) is positioned
for grasping the prong of the
centrifugal contactors
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DESIGN FEATURES ADOPTED TO FACILITATE DECOMMISSIONING

DUBOURG M.
Framatome, Paris la Défense, France

ABSTRACT

By analyzing the design of both 900, 1300 MWe and future 1450 MWe PWR
units, it appears that the design improvements taken into account for
reducing occupational dose exposure of maintenance personnel and the
development of automated tools for performing maintenance and repairs of
major components, contribute to facilitate future dismantling and decom-
missionning operations.

1. EVALUATION OF ACTIVITY AND RADWASTE VOLUMES

Several evaluations of activity and radwaste volume have been made
for light water reactors. For a 1300 MWe PWR the total activity at the
end of its operational life is about 4 millions curies and mainly due to
the Cobalt 60 activity.

90 2 of this total amount is localized in the metallic structures
surrounding the core (core baffles or core shroud).

After 40 years of cooling period the total activity decreases down to
300.000 curies due to the decrease of Cobalt 60. (See figure 1).

However other radionucleides such as Ni 63, 92 years of half-life,
Nb 94, 20.000 years of half-life, and Ni 59, 80.000 years of half-life
tend to level the remaining activity in the highly irradiated structures
of reactors internals made of austenitic stainless steel.

The table I gives a typical breakdown of volumes of irradiated
metallic wastes for a BWR and a PWR and shows the favourable position of
PWR's compared to BWR's and their relative evolution versus the cooling
time after plant shutdown.

The total amount of contaminated structures including concrete of a
PWR is estimated to 14,000 tons, the total amount on which 6,000 tons
could be recovered of an unrestricted release after decontamination.

2. DESIGN FEATURES TO FACILITATE DECOMMISSIONING

The examples given in this paper, illustrate the type of work and the
features taken at the design stage which could facilitate the future dis-
mantling operations of nuclear power plants.

More generally speaking, we believe that critical analysis and impro-
vements in operating and maintenance conditions contribute to reduce
difficulties of future dismantling operations.

2.1 Reducing Activity

The overall activity at the time of dismantling results essentially
from the activation of irradiated structures during reactor operation and
from the deposition of activated cruds on the internal surfaces of plant
components at the end of the plant life.
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In order to reduce such activation and contamination a strict
control of materials submitted to neutron flux is performed and residual
elements such as Cobalt 59 or other tracing long life radiocelements are
strictly limited.

Cobalt 59 content is restricted as follows

- Reactor vessel shell base material : S .03 2
- Reactor vessel stainless steel cladding : S .15 2
- Reactor internals material : < .08 2
- Steam generator Inconel 600 tube bundle mat. < .10 2

- Steam generator Inconel 690 tube bundle mat. : < .035 %

+ N4 plant (1400 MWe)

For the manufacturing of reactor internals, stabilized stainless
steel materials which contain tracing elements such as Niobium, the
irradiation of which produces long lived radioelements are strictly
prohibited.

Figure 2 shows the activation of reactor internals core baffle and
the major contribution of Cobalt and Nickel in the short term range.

On long term, see figure 3, the major contribution is due to X
emitters such as Ni 59 but also to ¥ emitters such as Nb 94 which is a
tracing element in the stainless steel.

In fuel assemblies, Cobalt 58 (71 days of half-live) is produced by
activation of Inconel grids. In the FRAMATOME developed Advanced Fuel
Assemblies AFA, Inconel grids are replaced by Zircaloy grids with Inconel
clip springs. Activity calculations show potential reductions of dose
field about 30 ZX.

In addition, investigations are underway to find an alternative to
stellite (55-60 X Cobalt) in valve parts directly in contact with the
primary coolant.

In particular, studies and tests are being carried out on the use of
Nickel base alloys such as Colmonoy (77 Z Ni, 11,5 X Cr) or AISI 440 C
martensitic stainless steel and Cobalt free thin hard faced coating of
critical components, such as Control Rod Drive Mechanism grippers and
CVCS valves.

2.2 Practical measures and decontamination

Some practical measures have been taken at the design stage and
during operation for minimizing the residual contamination of surfaces

These measures include :

- Primary coolant coordonate B/Li chemistry.

- Specifications for surface conditions of steam generator materials
and mainly the electropolishing of steam generator channel heads. Dose
field reduction of 4 could be obtained on the contamination of channel
heads by major radionucleides after electropolishing.

- Large purification flow capability during plant shutdown for
entrapping activity.

- Periodical decontamination of steam generator channel heads or
isolated components to facilitate inspection and maintenance work.

Dilute chemical decontamination processes with the regeneration of
reagents on ion exchange resins are widely used for the steam generator
replacement on PWR's or for the replacement or the repair of recircu-
lation piping on BWR's.

Two major processes are in competition : the AECL CANDECON and the
CEGB LOMI process with their respective advantages and inconvenients.

With its mobile decontamination unit mounted on mobile trailers,
FRAMATOME in 1986 performed the decontamination of the replaced recircu-
lation loops of Muhleberg and an equivalent of 200 to 250 man rem was
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saved by the personnel involved in the replacement and dismantling of the
two recirculation loops of the Muhleberg plant (see photograph).

2.3 Large component replacement

The possible replacement of large components such as steam gene-
rators, reactor primary coolant pumps and all the main components are
taken into account at the design stage.

In the past, the removal of large irradiated stainless steel
components such as reactor neutron thermal shield was carried out on the
first generation of commercial PWR ie : the CHOOZ and TRINO reactors
(300 MWe) at their beginning of their operating life, or the NOVOVORONEJH
unit 1 (russian PWR of 210 MWe) at the end of its operating life.

Development of underwater segmenting techniques based on electro-
erosion was carried out for such purpose of TS removal.

More recently the development of all the necessary tooling and
procedures was performed for the removal of corrosion damaged steam
generators of PWR plant.

In Europe the 1lst operation was carried out at the OBRIGHEIM PWR
plant in Federal Republic of Germany.

From our side FRAMATOME has made a large extensive research program
including development of decontamination process and the construction and
full scale testing of automated tooling.

The development program includes the following technical subjects

- Soft chemical decontamination process of the lower part of the
steam generator to be replaced and the associated portions of primary
pipings.

- Proper selection of a primary piping sectioning technique based
on a thermal process (Plasma) or on a mechanical cutting process.

- Bevelling of the primary piping by using a single point machining
device.

- Automatic welding process with video follow up of the welding
junction between the new steam generator and the existing primary piping.

In addition to the technical research and demonstration, operational
research is also performed in order to reduce man rem exposure and to
shorten the execution time of steam generator replacement.

2.4 Plant lay-out design

Several features of the plant lay-out design have been defined to
facilitate plant operation and consequently plant dismantling, these
features include :

- Isolation between active and non active areas in nuclear buildings
where active and non active zones are existing.

- Shortening of the piping lay-out of primary and auxiliary systems
of the 1300 MWe plant. In addition some efforts were devoted for mini-
mizing the number of valves.

- Erection of monorails and hoists for facilitating the replacement
of components such as the RHR pump motors, or heavy valves or man hole
covers of steam generators.

- Collection of the floor drains has been carefully review for
avoiding stagnation or spillage of active waters.

- Implementation of a neutronic protection liner of the reactor
vessel concrete well for limiting and reducing the activation of concrete
and iron structures.

This modification has been included in the new N4 type reactor
design (1400 Mwe).
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2.5 Updating of documentation

The dismantling of active areas of a nuclear power plant must lead
to a minimal collective exposure dose for the operating personnel. For
carefully planning, the work in hostile environment, it is absolutely
necessary to collect and to update all information related to the plant
design (drawings, material specifications, various modification and
implementation ...) and also information related to the plant operating
performance during the plant life.

The development of computerized data based techniques can solve the
problem of keeping and updating all necessary information for performing
dismantling and decommissioning.

3. CONCLUSIONS

The experience gained by NSSS vendors over the past 25 years in the
design and construction of light water reactors combined with the
expertise gained by the personnel involved in the design of the first
nuclear power plants have contributed to develop skills, equipments and
capabilities for complete or partial dismantling shutdown.

The choice of materials having low content of tracing materials such
as : Cobalt, Niobium are of a prime importance for the design of
structures submitted to neutron fluxes or in close contact with the
primary coolant such as steam generator tube bundle.

It seems however that additional efforts have to be devoted for
improving the cost of dismantling operations and also for minimizing the
volumes of radwastes arising from decommissioning.

In that respect, the waste volume reduction technologies such as
incineration, calcination, encapsulation combined with the retrieval of
materials and the recycling of contaminated components for a possible
re-use in the nuclear industry are of major interest,

In fact the retrieval of high valuable materials and the recycling of
large contaminated equipment using appropriate decontamination and seg-
mentation techniques could solve the problem of radwaste storage
generated by dismantling operations.

Ci
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Figure 4. Decontamination skid
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DISCUSSION

Question: F MOTTE, SCK/CEN Mol - Cobalt is also present as a trace element
associated to nickel and, therefore, the erosion-corrosion products of the
whole primary loop contain Co-60, even in the absence of the cobalt alloys.
My question is: in a commercial PWR, what is the relative importance of
these two sources of Co-60: cobalt alloys on the one side, main constituent
material (stainless steel and other nickel alloys) on the other?

Answer: M DUBOURG, Framatome - The problem of hard-faced materials on the
valves is erosion and wear initiated by malfunctioning. Particles from the
hard-faced side, which is Stellite (55% cobalt), are then transported in the
primary coolant and become activated. An example of importance has been
shown on the Fessenheim reactor where erosion occurred on some valves of the
primary coolant system and initiated high dose rates during at least one or
two fuel cycles. There is considerable interest in replacing cobalt-based
alloys on critical valves either by nickel-based or other low-cobalt alloys.

Answer: C BENHAMOU, Framatome - Different materials contribute to Co-60
contamination as follows:

70% - steam generator tubes of Inconel 600 (nickel-based alloy)

20% - reactor internals and piping of stainless steels

10% - end valves where cobalt-based alloys such as Stellite grade 6 and 13
are deposited.

Question: F MOTTE, SCK/CEN Mol - As you know, in the now so-called first
generation PWR plants, the reactor vessel was surrounded by a thick neutron
shield tank, in which most of the escaping neutrons were slowed down and
captured. The surrounding concrete was hardly activated. In your most recent
design, the 1400 MWe unit called N4, I notice a return to a neutron shield
1f not a neutron shield tank. Could you give some more details on this
neutron shield?

Answer: M DUBOURG, Framatome - The shielding of the reactor on the N4 plant
1s by a neutron protection liner which incorporates hydrogenated products
and absorbants to reduce the amount of activated concrete. The aim of this
liner corresponds to the first original design of neutron shield tanks (BR3
and CHOOZ) but takes 1into account new regulations for the loads.

CONCLUSION

I would like to conclude that this session has given, at least partly,
answers to the following 1ssues:

- how to build but also how to operate an installation to facilitate its
dismantling at the end of 1ts active life, producing a minimum amount
of waste;

- on an 1interesting field for apparently modest but productive
innovations, not very spectacular but quite important;

- on a long-term effect - ten years in the Community programme - which
will certainly bring the related technology to maturity;

- on one of the ways for the nuclear industry to save at least man-rem
and most probably money.

Personally, I disagree with the point of view expressed this morning
during the plenary session that the money saved during decommissioning will
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mostly be counterbalanced by an increase of the investment costs related to
the design features facilitating decommissioning; part of my argument is
based on the fact that the features facilitating decommissioning are also,
in many cases, facilitating the operation; Mr Fournie made some references
to this point in his presentation.

F MOTTE, SCK/CEN Mol
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POLYJOINTED ROBOT WITH INTEGRATED LASER BEAM

J.P. ALFILLE, M. HOFMAN, Ph. GARREC, J. GONNORD and J.P. NOEL
Commissariat a 1'Energie Atomique
IRDI-DEMT-CEN SACLAY

Summar!

Full details are given of the project for a robot laser beam to be
used as a cutting tool in decommissioning work in hot cells. Results
obtained with the complete system, i.e. robot plus industrial CO2
laser, are described, also the potential for laser cutting in a
non-active working environment.

1. INTRODUCTION

The potential of the laser system became apparent at an early stage in
the field of remote cutting, particularly in industry. Lasers are now
cufficiently reliable for industrial use.

Further studies in our laboratory on manipulating laser beams and
transmitting power beams over significant distances led to the concept of
using a robot for cutting operations in a hostile environment.

The ROLD (decommissioning laser robot) is the result of these studies.
It combines a jointed arm with a power laser. The laser beam travels through
the arm structure, which is designed to fit into a standard 250 mm hot-cell
orifice. An R&D programme to evaluate the laser process in decommissioning
applications was launched (UDIN/Dg D) and completed with joint funding by
the CEC (DG XII, Section A3).

2, DESCRIPTION OF THE LASER ROBOT

2.1 Design Features

2.1.1 Beam transmission

The beam is transmitted inside the arm via a series of mechanical/
optical joint assemblies, each consisting of two plane mirrors set at 45°.

Principle: The entry beam is reflected off mirror Ml at 45° to mirror M2,
which is parallel to Ml. This forms a sort of periscope. The beam is thus
constantly aligned with the mechanical axis, so the system can rotate freely
(Figure 1).

2.1.2 Mechanical structure

There are five joints, since on this type of robot a sixth axis, which
is the usual number on manipulating robots, is not required because the
focal spot revolves symmetrically. The complete arm thus comprises a carrier
with three joints (to position the effector) and a 'hand' with only two
joints (to guide the effector). The axes of the hand are concurrent so as to
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simplify the calculations for converting the coordinates. The time required
to carry out this calculation is 32 ms. The layout of the arm joints is
shown in Figure 2.

All the components of the jointed structure are made of cast aluminium
alloy. The beam travels inside the arm in a compartment separated from the
activators. These are completely integrated into the arm. Figure 3 shows the
internal layout of the components and the path followed by the laser beam.

2.2 Specifications

- Maximum reach: 1.720 m

- Arm diameter: 250 mm

- Proportions: 7:1

- Weight of movable component: 22 kg

- Maximum linear speed: 6 m/mn

- Maximum cutting speed: 3 m/mn

- Static repeatability: approximately 0.35 mm
- Accessible volume.

For this type of robot a distinction must be made between the concepts
of accessible geometrical point and what is feasible in practice. To give an
idea of the practical potential of the robot we must look at all the
feasible tasks within the locus of the accessible points.

- Maximum laser power: 2 000 W

- Maximum beam diameter: 30 mm

- Standard focal length: 127 mm

- Demountable end nozzle

- Ratchet mirror holders with automatic repositioning.

2.3 Activators and Sensors

Each axis is governed by a d.c. geared motor and a transmission
appropriate to the particular configuration of the axis: gear train, bevel
gears or notched belt.

Speed is measured by a tachometric dynamo driven directly by the drive
shaft.

The position is measured by a pancake resolver. These sensors allow
the beam to pass freely through the centre of the joint and their high
precision ensures absolute coding.

Figure 4 shows the complete apparatus.

2.4 Programming

Programming is carried out by point by point learning using a control
box with push buttons. The programmable parameters of the laser cutting
process are:

- Type of interpolation: articular, cartesian or nozzle location
- Linear speed of nozzle movement

- Opening of laser shutter

- Laser power

- Opening the assisting gas valves.

These functions are carried out by means of a control system using two
INTEL 8086 microprocessors, as illustrated in Figure 5.
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3. EXPERIMENTS IN THE NON-ACTIVE WORKPLACE

3.1 ROLD System

The arm was combined with an industrial CO2 laser and the accessories
required for its complete installation in a working configuration.
This is the ROLD system, which comprises:

- A laser robot

- A power laser (ROFIN SINAR RS 1200)

This laser has been modified externally to make it suitable for the

workplace. It is mounted on a metal frame which:

* can be fitted with a sling for handling on the gantry and transport
by lorry,

* can easily be moved by hand because the frame is fitted with four
castors,

* can be locked in any position by its four bolts.

- A framework for inserting the robot which also forms a structure for
the beam guidance optics. This apparatus provides access to the usual
height of the orifices of remote handling equipment (e.g. in the trial
installation the robot has to work at a height of 3.05 m). The frame-
work consists of a number of removable sections, so that the robot can
be transported easily. Figure 6 illustrates the ROLD system.

3.2 Cutting Tests in the UDIN Facilities (CEN de Fontenay-aux-Roses)

3.2.1 General remarks

Feasibility tests were carried out in a mock-up of a hot cell
belonging to UDIN. This facility, which is situated in the Centre d'Etudes
Nucléaires de Fontenay-aux-Roses, was used for carrying out cutting work in
non-active conditions to test the processes and tools under nuclear workshop
conditions. We chose a set of typical components, such as:

- mild or stainless steel piping 10-300 mm in diameter. The thickness of
these pipes varies from 1 to 6 mm.
- steel structural components, sectional type, 3-6 mm thick.

3.2.2 Laser cutting process

Laser cutting is a technique for thermal cutting of materials by local
fusion as opposed to other methods of mechanical cutting.

This cutting process combines the thermal action of the focussed laser
beam with the mechanical effect of a jet of gas applied to the fusion zone.
The movement of the tool or beam at a constant distance from the focal point
gives a continuous cut.

The cutting capacity (thickness and speed) depends on the system, the
power of the laser source, the dynamic quality of the cutting machine, the
volume of work and flexibility.

In decommissioning operations the quality of the cut is considered
secondary, but it should be noted nevertheless that a poor cut produces
significantly more harmful products (aerosols).
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3.2.3 Methodology

Two-stage cutting method (for pipes over 35 mm in diameter)

The programming is done in two stages - the first to make an opening large
enough for the nozzle to penetrate inside the pipe, and the second to
complete the cut on the internal face of the pipe. This trial is illustrated
in Figures 7 and 8. Figure 9 shows the cutting of a cluster of tubes near a
wall using the same method.

Direct cutting of pipes

This method obviously reduces the programming time. We cut small diameter
pipes (up to 35 mm) in both mild steel and stainless steel. Figure 10 shows
the cut pipes.

3.2.4 Test conditions

The test parameters were:

Laser power 400 W
Cutting speed 0.2 m/min
Oxygen gas cutting 50 1/min
Tube diameter 1.3 mm
Distance between nozzle and workpiece 2 mm
Focal length (Zn-Se lens) 127 mm
Beam diameter 12 mm

3.2.5 Quality of cut

The photograph of a sample in Figure 11 shows the quality of cut
obtained: a roughness Ra of the order of 10 with a kerf width of 0.5 mm
(pipe 6 mm thick).

3.2.6 Capabilities of the ROLD tool

The cutting capacity of the ROLD system was evaluated. This is a
function of the power of the laser source used in the robot. Under present
conditions (1 400 W), the maximum thicknesses are 40 mm in mild steel and
20 mm in alloy steel. Up to these limits the quality of cut is acceptable.

If a lower quality of cut is accepted these limits may be extended to
70 mm for mild steel and 40 mm for alloy steel; a lower cutting speed
significantly increased aerosol production.

4. CONCLUSIONS

A flexible system of cutting by laser beam has been produced and put
into service.

This system showed during demonstration trials that it was suitable
for cutting a large number of components of three-dimensional structures (in
steel, alloy steel and various other materials).

Certain limitations, arising from the actual principle of a robot arm
on a fixed base, became apparant, viz:

- Difficulty of achieving certain trajectories required for cutting.
- The system of teaching point by point was a constraint for work in a
cell.

With regard to the second limitation, the use of a computer simulator
which can plot trajectories and give advance warning of limits of use and
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Fig. 9. Cutting a cluster of pipes
close to a wall

Fig. 10. Cutting a rack of pipes
close to a wall
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the development of offline teaching methods, should enable us to make this
tool more flexible in use. This system comprises a geometrical command model
corresponding to that of the ROLD robot. The position of the sample to be
cut is specified in the viewfinder of the simulator and the programme can
then calculate the approach and cutting trajectories.

Developments in hand concern integrating these improvements and using
a 3D optical sensor which can input information on the environment.

Fig. 11. Quality of cut
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INVESTIGATION OF LASER CUTTING APPLICATIONS
IN DECOMMISSIONING

B. MIGLIORATI*, G. TARRONTI", M. DI FINO', P. PICINI“, G. MANASSERO**

* FIAT-CIE], Via Cuneo 20, 1-10152 Torino Italy

" ENEA-PAS-FIBI-AEROSOL, V.le G.B.Ercolani 8, I-40138 Bologna Italy
' ENEA-TIB-FIS-TECNLAS, Via E. Fermi 27, [-00044 Frascati - Roma Italy
* ENEA-PAS-ISP-AMB, CP 2400, I-00100 Roma Italy

** FIAT-CREF, Strada Torino 50, I-10043 Orbassano-Torino Italy

SUMMARY

The aim of this work, performed on an experimental basis in a frame of strict collaboration
between industry and public research laboratories and supported by a CEC contract, was to
bring out the items for better evaluation of laser beam application possibilities in dismantling
nuclear power plants. The main topics of the research have been: 1) Study and definition of
the relevant basic parameters ruling the aerosol generation rate and behaviour in terms of
physical and chemical characteristics; 2) Study of the feasibility of local abatement of the
aerosol produced and of the pressure drop in HEPA filters; 3) Study of the long distance
transmission of laser beam power with evaluation of the power loss and of the beam
characteristic modifications; 4) Study of laser beam technique application in dismantling
the Garigliano power plant steam drum in order to better evidence the feasibility of the use
of this technique and the problems still to be solved.

1. INTRODUCTION

The general aim of the work carried out in the frame of the CEC contract
FI1-D0014-1(TT) was to obtain a more complete evaluation of the possibility of using the laser
beam cutting technique in dismantling nuclear power plants. The specific objectives of the
research were: 1) to obtain better knowledge about the aerosol produced, also with the aim of
investigating the possibilities of their abatement and filtration; 2) to study systems for
transmission of the laser beam over long distances in order to give more concrete motivations
for the eventual use of this cutting technique as a dismantling method; 3) to study the
possibility of practical utilization of laser beam cutting for dismantling a real complex system.

To obtain these goals, the activities were subdivided from the beginning between
laboratories belonging both to private industry (FIAT) and to the public administration (ENEA).
The groups involved were: 1) Laboratory of Aerosol Physics and Toxicology, Department
of Environmental Protection and Human Health (ENEA-PAS-FIBI-AEROSOL), which
performed all the measurements (sampling, analysis and data treatment) relative to aerosol and
slag produced in laser beam cutting. This work has been performed in a facility
specifically designed for aerosol measurements and equipped with a 2kW laser source;
2) Laboratory of Laser Technology, Department of Basic Intersectorial Technology
(ENEA-TIB-FIS-TECNLAS), which was mainly involved in the set-up of the 2 kW power
cutting facility and exhausting line; 3) Laboratory of Experimental Engineering, Department of
Environmental Protection and Human Health (ENEA-PAS-ISP-AMB), with the task of
studying the behaviour of HEPA filters challenging the aerosol produced during high
temperature cuttings; 4) FIAT-CRF (Torino), that studied the more efficacious methods for
transmitting laser beam power over long distances using a 5 kW laser source; 5) FIAT-CIEI
(Torino), with the task of studying the engineering problems related to dismantling one specific
component of the Garigliano nuclear power plant, by taking into account the results obtained in
the course of the programmed experiences.
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2. AEROSOL CHARACTERIZATION AND EFFLUENT PRODUCTION RATE

2.1. Particle Morphology and Granulometry

The aerosol produced in cutting steel by means of laser beam was composed of two types
of particle: very fine particles, having dimensions of some hundredths of micrometer which,
because of coagulation, very rapidly form chain-like aggregates of some tenths of micrometer,
and spherical compact particles of diameter greater than a few micrometers having a density of
about 5 g/cm3, easily capturable by inertial or electrostatic abatement systems. The origin of
these two types of particles is also different: the aggregates are due to coagulation of particles
produced by condensation of vaporized material; the spherical and compact particles are
probably formed by material expelled in liquid form during the cutting process. The amount of
the compact particles constituting the 2nd mode in the granulometric spectra greatly depends on
the sampling modality and the sampling point.

The results, in terms of mass percentage in the main granulometric fraction,as obtained in
our facility, show a mass fraction greater than 60% collected in the back-up filter of the used
impactor (particle diameter < (.5 um). The fraction of particles greater than 3.5 pm, imputable
to compact particles of the 2nd mode contains, on average, a mass lower than 7%. It is
therefore possible to affirm that the value of aerosol production per unit length of cutting as
reported in the following, has to be considered for more than 93% in mass, as attributable to
chain-like aggregates of very fine particles (1st mode of the spectrum).

A parameter useful to investigate the dimensional variations of the particles in the various
experimental situations is the diameter of average mass (Dme), defined (1) as the diameter of the
spherical particle having the mean mass of the particles and the same density. The values
of Dpe were obtained by simultaneous measurements of particle number concentration
(by CNC) and aerosol mass concentration (by total filters) and are therefore mainly connected to
the spectral fraction composed of aggregates. As the actual aggregate density is unknown,
admitting that it could be defined for this type of particle, an arbitrary value of 1 g/cm3 was
assumed for calculations. Figure 1 presents the Dye trend as a function of the aerosol
production rate, p (g/min), obtained by cutting stainless steel by Oxygen, Air and Nitrogen and
carbon steel by Oxygen. As can be observed, good correlation exists between Dpe and
production rate p. The data best fit by the least square method shows that they are well
interpolated by the function:

Dine = H + p1/3 with H=0.274
047 a ss-02
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Figure 1. Diameter of average mass (Dpy¢) as a function of the aerosol production rate.
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Some tests were carried out with the aim of investigating the size modifications due to
coagulation for a highly concentrated acrosol. The results obtained show an increase of the
Mass Median Aerodynamic Diameter (MMAD) from about 0.4 pum (at the end of the cutting)
to 1.6 um in 12 minutes.

It is thus possible to affirm that the measured aerosol size distribution of the aggregates
depends on concentration at the source (generation rate), on the aerosol life time and the
concentration at which it is maintained.

22.

A series of tests was carried out to investigate the effect of the various parameters on the
mass of acrosol and slag produced per unit length of cutting. The parameters considered in the
tests were: laser power, type and pressure of the assistant gas, cutting velocity, plate thickness.
The cutting performed on AISI 304 stainless steel plates furnished well-reproducible data: with
the same parameters, acrosol production variability was of the order of 10% and that of the
mass lost by the plate of the order of 15%. In the case of the carbon steel the cutting was much
more irregular (probably because of the strong reaction with the Oxygen) and the data variability
was of the order of 30-40%.

The values of aerosol production and mass removed from the plate per unit length of
cutting showed no significant trend with the laser power (in the range 1000+1900 W) nor with
the assistant gas (Oxygen) pressure (20+300 kPa).

The effect of the cutting velocity (Figure 2) depends on plate thickness. A reduction in
the amount of aerosol produced resulted when increasing the cutting velocity, more pronounced
with thicker plates. The value of the removed mass also decreases when the velocity increases,
with a gradient that depends on plate thickness.
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Figure 2. Mass of acrosol produced per unit length of cutting versus cutting velocity.

The mass of acrosol produced and the mass removed from the plate per unit length of
cutting as a function of plate thickness, have been tested for different cutting velocities. The
increase of acrosol production with plate thickness is progressively less pronounced with
increasing cutting velocity. In addition, at the same cutting velocity, the increase of aerosol
production is progressively less pronounced when increasing plate thickness. The values of
mass removed show a less definite trend as a function of the various cutting velocities, but
show an evident increase with increasing plate thickness.

One of the factors that most influences the production of effluents is the type of assistant
gas. By using Air or Nitrogen instead of Oxygen it is possible to obtain on average a reduction
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of a factor of about 7 in aerosol production. It must nevertheless be noted that cutting efficacy,
by maintaining the other parameters constant, decreases progressively from Oxygen to Air to
Nitrogen; for example, it was not possible to cut the 5 mm plate with Nitrogen. Also the
values of the mass removed from the plate decrease when cutting by Air instead of Oxygen: on
average, the reduction obtained was of the order of a factor of 1.5+2.5.

In the case of carbon steel the investigation was less systematic with respect to stainless
steel, also because the already mentioned lower reproducibility of data made it difficult to show
the effect of the various parameters. The mass of aerosol produced per unit length of cutting is
systematically lower in the case of carbon steel than stainless steel; precisely, by a factor from
1.2 to 3.2 in the case of cutting by Oxygen and about 2.6 in the case of cutting by Air. The
mass removed from the plate, even if with great variability of data resulted, instead, greater in
the case of cutting carbon steel plates, on average by a factor of 2. Finally, it must be observed
that the cutting efficacy decrease from Oxygen to Air to Nitrogen is much more pronounced for
carbon steel than for stainless steel.

2.3. Aerosol Elemental Composition

The elemental composition was determined by two methods: Atomic Absorption
Spectroscopy (AAS) and Energy Dispersive X-Ray Analysis (EDAX).

The composition of the compact particles,as derived from EDAX analyses, even if data
indicates a certain variability, is not far from that of the bulk material. The elemental
composition of aggregates is, instead, significantly different in comparison with the bulk
(AISI 304 SS) material. It is possible to note in fact an increase of a factor of about 2 in
the Ni content and an analogous decrease in the Cr content.

The AAS analysis concerning the particulate collected in the impactor stages furnished
very inconstant data, except those relative to the back-up filter (fine fraction of the particulate).
The variability can be justified by the fact that often the mass collected was very scarce. In spite
of a certain variability, the data indicate, for the particle fine fraction, an enrichment in
the Ni content from 9.3% in the bulk material to 17+25% in the aerosol, and a reduction in
the Cr from 19.3% in the bulk material to 9+15% in the aerosol. These results are in good
agreement with those obtained by means of EDAX analyses on the particle fine fractions.

The ratio between the sum of metals determined by AAS and the total mass obtained by
weighing the sample, varies between 0.52 and 0.65 and is then systematically lower than the
value (for oxides) of the stoichiometric ratio between the mass of metals and total mass (0.70
for Fe;03, 0.68 for Cr;03, 0.75 for NiO). No valid explanation was found for this
discrepancy.

The analyses on samples collected during the cutting tests performed by using Nitrogen
and Air as assistant gases furnished less reliable quantitative values, because of the exiguity of
the collected mass. Notwithstanding this, both the analyses by AAS and EDAX showed the
same tendencies towards an enrichment in the Ni content and a reduction in the Cr content.

These data therefore suggest the conclusion that the aerosol fraction composed of compact
particles of larger size remains substantially of the same composition as the bulk material, while
that composed of aggregates of fine particles has a marked variation. The two spectral
modes are then different, not only for particle morphology, but also as to their content in
elements.

2.4. Effect of Tocal Aspiration on the Aerosol Concentration in the Cutting Box

The elevated aerosol concentration in the area where the cutting occurs causes
contamination on surfaces exposed to the effluents. A series of tests was therefore performed
to investigate the possibility of reducing the aerosol concentration in the cutting environment
by using a system of local aerosol aspiration close to the source. The tests indicated the
great advantages obtainable by using a strongly localized aspiration system when cutting larger
size plates and whenever it is possible to realize almost complete containment: in fact a
reduction of more than two orders of magnitude in aerosol concentration has been obtained. In
cutting small pieces, one can obtain a considerable advantage by using local aspiration even
without total containment: in fact, a reduction of a factor of about 5 can be obtained when a
suitable flowrate is adopted. An indication of the critical importance of the flowrate was
obtained.
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3. PRESSURE DROP ACROSS HEPA FILTERS

To evaluate the pressure drop across HEPA filters loaded by the aerosol arising from a
high temperature metal cutting process, the fumes produced by the plasma torch cutting
of AISI 304 stainless steel plates were used. The most reliable data refer to tests carried out with
the following parameters: cutting power, 15 kW; plasma torch nozzle, 2.5 mm; plate
thickness, 20 mm; cutting gas flow rate, 32 I/m; cutting velocity, 275 cm/min; exhaust flow
rate, 1810 m3/h.

The aerosol production per unit length of cutting was (1.740.3) g/m, the aerosol
concentration in the ventilation channel (16+3) mg/m?3 and the mass removed from the plate per
unit length of cutting (600125) g/m.

The main results obtained are: 1) the pressure drop across HEPA filters vs the mass
loaded is linear; 2) this particular kind of aerosol (aggregates of fine particles) shows a strong
tendency to clog the HEPA filters. In fact, the mean value of the pressure drop across HEPA
filter vs mass loaded resulted equal to 16 Pa/g that is about five times greater than that caused
by compact particles; 3) the efficiency of the tested HEPA filters does not show valuable
variation even with high pressure drops; 4) in all the tests performed the HEPA filter pressure
drops measured at the end of a cut (APfip(n)) were always greater than that measured on the
same filter at the beginning of the subsequent one (APjp(n+1)) (see Figure 3) notwithstanding
the mass loaded on the filter, the temperature, relative humidity and the flow rate of the
exhausts were the same. The mean value of this unexpected decrease is about 13+15 % of
the AP value.
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Figure 3. Pressure drop (AP) versus mass collected in 6 consecutive cuts.

4. LASER BEAM PROPAGATION AND CONTROL

4.1. Laser beam transmission and remote focalization

One of the objectives of the research was to verify the utilization of the laser beam at long
distance from the source and, mainly, to have a uniform process result in a large working area.
This requires a laser beam collimated in the selected range of distances between 5 and 30 m
from the source. To describe the beam quality of a high power laser it is necessary to know
three parameters which can, for example, be the order N of the oscillating mode in the cavity,
the position and dimension of the minimum diameter of the fundamental mode. By a theoretical
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and experimental procedure it is possible to calculate the characteristics of the corrective mirrors
and of the laser beam along the optical path.

In the case of the 5 kW Spectra Physics source using a divergent mirror (focal
length 1900 mm), 3 m from the output window, and a converging mirror (focal
length 2750 mm), placed 1 m from the divergent one, a collimated beam of about 50 mm
in diameter has been obtained all along the working range (Figure 4).
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Figure 4. Laser beam characteristics at 30 m from the source (S.P.975) computed using the
propagation parameters as input for numerical program.

4.2. imen - in

In order to verify the theoretical calculation on the laser beam propagation and,
afterwards, to carry out some cutting tests it was necessary to design and build the optical-
mechanical structures necessary for the experimental checks.

The optical system used is shown in Figure 5.

LASER BEAM

un s M2
V TARGET

Figure 5. Optical system set up for the propagation and focalization of a laser beam.



187

The laser beam, intercepted by a mirror, M1, enters the working station where
mirrors M2 and M3 (which form the collimator telescope) are provided. If mirror M4
intercepts the beam, the focal plane position is about 5 m from the output window of the
source. Otherwise the laser beam is directed by the plane mirrors MS, M6, M7, M8 and M9
and, after a path of about 30 m, reaches the working plane.

The cutting tests have been performed both with transmissive (lens) and reflective
(mirror) devices as focalizing elements. In Table I the most significant cutting results, mainly
obtained with a focal length of 20 inches, are summarized. The assistant gas (Oxygen) was
utilized at 800 kPa with about 5000 l/h flow rate; the laser power was 4 kW.

TableI. Laser cutting of mild steel Fe 42 C and AISI 304 stainless steel with the S.P. 975
source. Main results.

Test Material | Sample | Cutting
number thickness | speed Notes
(mm) | (cm/min)

1 Fed2C 15 30 Good cut without attached slag
2 Fed42C 15 50 Cut with some attached slag on the bottom
3 AISI 304 15 30 Good cut
4 AISI 304 15 50 Complete cut only every now and then
5 Fed42C 30 20 Good cut
6 Fed2C 30 25 Cut with some attached slag on the bottom
7 AISI 304 30 20 Cut with some attached slag on the bottom
8 AISI 304 30 25 Not complete cut
9 Fe42C +

AISI 304 3045 15 Cut with some attached slag on the bottom

4.3. Discussion

In order to predict the laser cutting capability at long distance it is necessary to know the
optical characteristics of the beam. The propagation parameters can be obtained by a theoretical-
experimental procedure and the relative numerical program.

Several high thickness laser cutting tests have been carried out on metallic materials. The
values of the process parameters are valid if associated with the specific laser source utilized in
the research and might be improved with beams having an energy distribution closer to the
fundamental mode.

The thicknesses involved in the dismantling of components of a Nuclear Power Plant
require at least a 10 kW laser source at the output window, metallic optics with a small
absorption coefficient and a good system for feeding the assistance gas to the interaction zone.

5. STUDY OF APPLICATION OF THE LASER TECHNIQUE TO THE DISMANTLING
OF ONE SPECIFIC NUCLEAR COMPONENT

5.1. Main li

The results of the research programme pointed out that the laser technique can be attractive
if the dismantling activity concemns nuclear components characterized by high radiation fields
and reduced operating space. Consequently the applicability study has been referred to the
Garigliano "steam drum”, which represents the above-mentioned conditions very well.

It is a steam demister (Figure 6) located above the reactor vessel and composed of a
cylindrical, horizontal axis tank, with 2134 mm inside diameter and 19965 mm length, made of
carbon steel clad inside with a stainless steel layer. The tank contains various stainless steel
components (filters, moist separators, manifolds), installed closely to one another.

The “steam drum” is considerably contaminated and its eventual demolition in such
conditions would involve large radiation doses to the personnel.
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The applicability study includes a detailed consideration of the component through its
manufacturing drawings, a preliminary study of the facilities required for the dismantling
(including the laser, appropriate robots, hoisting devices, auxiliary equipment) and the most
suitable dismantling operation and procedure.

5.2. Mai
The laser set (Figure 7) composed of an electric switchboard, cooling system, laser
generator and optical module, will have a power (on the beam) of 10 kW.

LASER CONTROL SWITCH BQARQ COOLING §

OPTICAL MODULE

Figure 7. Laser set location.

The robot for cutting and removal of the steam drum's inner parts (Figure 8) will have the
following characteristics:

Number of axis : 6
Maximum working diameter : 2150 mm
Optics diameter : 80 mm
Optical path diameter inside
the robot : 80 mm
Optics type : protected copper mirrors, water cooled
Focalizing system : with molybdenum coated parabolic mirror
Maximum beam diameter 60 mm
Load capacity : 30-40 kg
Utility requirements:
Electrical : 380V, 3 fase, 13kVA
Gas : O; 10000 I/hat 2 MPa; N2 3000 hat 0.3 MPa
Water for mirror cooling : 8 l/min at0.3 MPa

Mechanical touch switch at the end of the focalizing system for travel memorization
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Figure 8. Laser robot for cutting and removal of the "steam drum" inner parts.

Proper ventilation systems will be installed to maintain the working room slightly under
pressure with respect to the outside ambient. Furthermore, during cutting, suitable aerosol local
abatement systems will be provided in order to reduce contamination propagation.

5.3. Dismantlin rati

All the steam drum's dismantling operations should be remotely actuated by operators
located outside the cutting room.

Access to this room should be required only for the preliminary activities (steam drum
decontamination and isolation), for area preparation (working room confinement and installation
of the facilities), maintenance or adjustment of the apparatus and in the case of possible
equipment repair.

6. CONCLUSION

As a general conclusion, one can affirm that the possibility of using the laser beam in long
distance steel cutting has been proved; for samples thicker than some centimeters some
improvement must be carried cut in the cutting facility. The aerosol produced, even if well
characterized as one of the main aims of the research program, still presents problems of
abatement and filtration. These problems, on the other hand common to other high temperature
cutting methods in atmosphere, need further investigation.
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ADAPTATION TO TELEOPERATION OF AN EXISTING AIR-TIGHT
MODULAR WORKSHOP FOR REMOTELY CONTROLLED OPERATIONS

GASC Bernard
JEANJACQUES Michel
TECHNICATOME, BP N°17 - 91192 GIF SUR YVETTE (FRANCE)

ABSTRACT

The purpose of the research programm is to extend the capabilities of an
existing air-tight modular workshop dedicated to the treatment of alpha
contamined materials to other beta-gamma contaminated materials. In this
connection, new elements have been developed and tested in a modular
workshop used as testing facility as operations previously carried out by
operators wearing ventilated suits should be from now on controlled by
teleoperation from outside of the workshop. The test results enabled
qualifying dedicated materials, which enlarged to some extent the field of
applications of the air-tight modular workshop.

1 INTRODUCTION

The CEA in connection with TECHNICATOME has developed a tight modular
workshop for dismantling the AT] plant facilities in LA HAGUE. This work-
shop , constructed of re-usable stainless steel panels assembled by bol-
ting, provides a tight and decontaminable working zone compatible with any
kind of buidling configuration. The operators wearing ventilated suits may
work on alpha-contaminated materials under the best safety conditions.

For the purpose of extending the workshop working capabilities, this
research program covers the implementation of special modular components
for teleoperation as in a conventional cell.

The following components were designed and constructed for their easy
adaptation with the existing modular system :

- manipulator holder panel,

- swivelling hatch panel,

- wall equipment sealed transfer device,

- modular biological protection.

With prior tests and trials carried out in a workshop in operation
such components are now being qualified for remotely controlled treatment
of beta and gamma-contaminated materials in tight modular workshop, for
compliance with a protection standard of up to 100 mm thick lead.

2 DESCRIPTION OF THE EXISTING MODULAR WORKSHOP

2.1 Objectives

The workshop is devoted to contaminating operations or ‘nuclear
cleanliness operations’ to be performed with safe and tight containment.
It is adaptable to the dimensions of the premises and materials to be
treated and may be connected with an existing containment. A11 the ele-
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ments are made of fabricated Z2 CN 1810 (304 L) stainless steel sheets so
as to be easily decontaminable and re-usable. All the elements are easily
and quickly assembled.

The operators may work in the workshop with ventilated suits, owing to a
SCALHENE airlock.

2.2 Design

The modular workshop walls are composed of standardized square and/or
rectangular panels, 1.5 to 2 mm thick; the edges being folded to the
outside provide stiffness of the walls and tightness by means of bolted-
down compression seal. The inner surface is plane and smooth.

Volumes are provided by panels assembled by angle pieces and secured
to the groundfloor and to the building walls by modular hoops.

Allowable negative pressure in the whole workshop : 300 Pa for 2 mm
thick panels, this value being slightly superior to that prescribed for
zones classified 3 and 4, respectively 140 Pa and 220 Pa.

2.3 Details on Existing Elements

2.3.1 Panels and Volumes
- standard panels :
."Dimensions: 0.4 x 0.4 m; 0.4 x 0.8 m; 0.4
0.8 x 0.8 m; 0.8
- groundfloor hoops and angle pieces :
. Dimensions : 0.4 to 2.4 m in length
- gussetted angle irons
- dual-wall panels used for partitions (same dimensions)

2.3.2 Penetrations and Passage ways

- for the personnal :
. without ventilated suits : various tight doors
. with ventilated suits : SCALHENE airlock, push-type door

- for the equipment :
. single or double doors of various dimensions,
. guillotine type doors (3.2 x 2.4 m),
. equipment and waste drum airlock,
. frame panels (1.6 x 1.6 m), opening of 1.2 x 1.2 m ; a plate is
attached to the frame with screw-clamps ; a flat gasket provides
tightness.

- for utilities :
. frame panels with penetration plates, with optional equipment,
. special panels for tihgt penetrations for cables and pipes,
. ventilation panel.

- for vision and lighting :
. frame panels with transparent plates,
. frame panel for lighting (0.8 x 1.6 m).
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2.3.3 Assistance to Handling

The workshop may be equipped, if need be, with special panels provi-
ding a rolling path for a (motorized or not) handling beam. Theses modular
panels (0.4 m in width) fitted in the vertical walls are decontaminable.
Stress pick-up is ensured by a set of external beams in compatibility with
biological shielding, if necessary.

2.4 Expertise Gained
Apart from the large facility constructed in La Hague (see Figure 1),
other modular workshop have been set up as yet such as :
- the pipe cutting workshop installed in Marcoule for dismantling G2;
- the containment enclosure of an underwater cutting workshop in
Cadarache;
- the teleoperation inactive testing cell of the qualification
station for dismantling equipment of IPSN/UDIN in Fontenay-aux-Roses.
A1l the operators of such workshops are fully satisfied of their
advantages :
. easy assembly and adaptation,
. good standard of tightness, and appropriate mechanical strength,
. easy cleansing and decontamination.

3 PROGRAM FOR EXTENSION TO TELEOPERATION

The above described modular workshop allows to work in a zone isola-
ted from the environment under excellent safety conditions. It is well
adapted to any intervention on alpha-contaminated materials.

Should the concerned materials be irradiating, teleoperation in
necessary using appropriate biological shielding. In this regard, the EEC,
CEA and TECHNICATOME have jointly worked out a project devoted to teleope-
ration with prior development of the following items :

- a system for telemanipulator holder;

- a system for motorized opening making it easier to gain access to

the equipment;

- a device for tight transfer of the removable wall equipments;

- a modular system for biological shielding.

The extension program already completed covered firstly, the design
and construction of the components of the above mentioned systems, and
secondly their assembly and testing on a cell made of modular panels. This
cell dedicated to testing the dismantling tools in inactive conditions and
for teleoperation comes under the testing facilities of the dismantling
equipment qualification station of CEA/IPSN/UDIN set up in Fontenay-aux-
Roses.

Note that the design and construction of such elements had to comply with
the general plant design : modularity, easy assembly and decontamination,
low cost.

4. PROGRAMM PERFORMANCE AND RESULTS

4.1 Telemanipulator-holder System

The system should be designed to accomodate two tight
telemanipulator-holder sleeves (standard dia. 254 mm) fulfilling the same
functions as in conventional cells.
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The solution resulted in constructing a telemanipulator panel inclu-
ding the following elements starting from groundfloor :

- a standard panel : 0.8 x 1.6 m,

- a vision frame panel : 1.6 x 1.6 m,

- a telemanipulator holder panel,

- angle brackets and split-fittings for stress pick-up (see Figure

2).

The telemanipulator holder panel (0.8 x 1.6 m) is provided with two
apertures of same standard diameter as the sleeves. The structure suppor-
ting the sleeves comprises a grooved plate fitted with supporting Tlugs
which will be screwed on split-fittings bolted in turn on angle brackets.

A1l vertical loads and momentums from the telemanipulators are thus
picked up by angle brackets with no strain on the cell panels.

The workshop may be equipped with all the telemanipulators currently
used in nuclear plants owing to a set of sleeve extending tubes.

For testing the system mechanical strength, the sleeve free end
displacement was measured under vertical stress. The moment applied onto
the supporting plate (up to 3 000 N.m) is transmitted to the support angle
brackets via support lugs and split-fittings.

The system behaviour remained elastic within the normal use conditions of
the telemanipulators. No difficulty was encountered in installing and
operating the telemanipulators.

4.2 Motorized Opening System

The system should be designed for easy transfer of components to be
dismantled from the outside into the worshop using conventional hoisting
equipment. In the solutions opted for a motorized swivelling or sliding
hatch is fitted on a standard frame panel (1.6 X 1.6 m). In closed posi-
tion the hatches must provide the same containment and tightness standard
as in the whole workshop.

- Swivelling hatch panel

The final version is shown in Figure 3. It comprises frame panel (1.6
x 1.6 m) with flat joint, forming part of the workshop roof; the hatch
relies on the standard frame panel by means of four pneumatic snap-faste-
ners. The joint release movement and rotation are ensured by two ball
thrust bearings and a pneumatic jack mounted on a plate fitted on the
frame panel.
When open, the hatch is in the vertical position and gives free access to
the complete frame panel aperture (1.2 x 1.2 m).

- S1iding hatch panel

As above, the hatch is designed to be installed on a standard frame
panel (1.6 x 1.6 m) included in the workshop. The structure supporting the
hatch slides along two sliding guides made of U-shaped pieces owing to
spring-type handling balls. Translation is provided by pneumatic jack.

When the plug 1is put in position above the aperture, it is pushed
onto the frame-panel joint by four small pneumatic jacks. In this case,
the tightness and interlocking functions are likewise independent from the
opening/closing function.
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4.3 Tight Transfer System for Removable Wall Equipment

This system should support wall-type equipment such as camera sets,
sensors, etc. while enabling maintenance without any rupture in contain-
ment owing to equipment transfer in glove-box.

The solution opted for comprises a connection channel developed by LA
CALHENE Cy together with 1interfaces and accessories for assembly on the
modular workshop. Note that the purpose of the connection channel is to
ensure tight liaisons between containment enclosures, and their disconnec-
tion, while keeping with tightness functions.

The ‘cell door flange’ (mark 1) as shown in Figure 4 is screwed up on
the first enclosure wall aperture owing to screwing ring acting as counter-
flange. The channel bellows flange (mark 6) is bolted on flange (mark 14)
welded on the second enclosure wall. The channel end is fitted with a
‘container flange’ plugged with a container door which is the same as that
of the LA CALHENE type waste storage container,

Connection is performed as follows :

- channel berthing with cell flange,

- release of channel bellows,

- locking of the ‘container flange’ by rotating on the cell flange;

this manoeuvre results in the automatic locking of the two doors one

after the other (which explains the designation of the so-called
dual-door),

- unlocking of the dual door and removal in the corresponding enclo-

sure,

The efficency of the system originates from the bellows flexibility
which allows for some deviation in alignment for connecting and disconnec-
ting with no need for moving the enclosures.

A mounting interface was developed to benefit from the various
possibilities for using the connection channel ; it relates to a frame
panel (0.8 x 0.8 m with 0.55 x 0.55 m aperture) on which supporting plates
may be fitted with screw-clamps. On the bellows side, the channel is
assembled by means of a plate on which is welded the corresponding flange;
the cell door flange 1is mounted by means of a plate pierced for the
adequate aperture.

The wall equipment 1is supported by a container door fitted with a
flat-bottom cylinder as shown in Figure 5. This device may be transferred
into a glove-box equipped with cell door in keeping with containment and
without any risk of contamination of the door external walls owing to the
dual-door principle.

The frame-panel unit mounted on modular workshop, the interface
plate, the connection channel and glove-box and/or tight enclosure fitted
with cell door flange are used to provide a temporary or durable connec-
tion between both enclosures for transferring equipment with dimensions
compatible with the channel size. Moreover, provision of the cell door
flange on the workshop, enables berthing of the LA CALHENE type waste
storage container as shown in Figure 5.

To conclude, the above described system is qualified for supporting
removable wall equipment and subsequent tight transfer in glove-box, for
transferring equipment from the modular workshop towards containment



& wawes) 170 m
{6 wawes) 231
12 &

39 i)
(=]
3
-t
L3
2 2 A o 4
2|~ by 9 - 3
=l s g /% s @
%le J |
t

ﬂ”_l’,.,/. R
N2
S //' S|

J AN AN \\ \\’
e e

YA _ﬁd

S¢S

7.

I

'IIIIII’II

%,

1

o

Connection locking , double door deconnection
Double door connection unlocking , deconnection

Figure 4: Sketch and principle of tight
transfer of La Calhene connecting channel

Converted container

door

La Calhene
connecting channel

Container

[~~—Modular workshop panel

|__—Standard frame
panel 0.8m x 0,8m

|___Supporting plate with
channel flange

. Flat head cylinder for
wall equipment supporting

Figure 5: Examples of connecting channel utilization

- supporting of removable wall equipment
. . -~ .
- waste evacuation with La Calhene container

861



199

enclosures such as : existing cell, other worskhops or glove-boxes or
vice-versa.

4.4 Biological Shielding System

The modular worshop is well adapted to handling of alpha-contaminated
materials with no need for additional protection. Nevertheless, it may be
necessary to resort to additional protections for the treatment of beta-
gamma contaminated materials.

This being the case, option was made for providing a protection by
heaping up 25 mm thick lead plates up to 100 mm in height, appropriately
attached from outside.

The design opted for features the following as shown in Figure 6 :

- 25 mm thick lead plates (0.8 x 0.8 m and 0.8 x 0.4 m) with two

inserts on either edge for handling purposes.

- offset assembly of a plate layer with respect to the other so as to

eliminate radiation leacks at the joints;

- modular structure including vertical T-shaped pieces bolted on the

panel edges at 0.8 m intervals, for securing the lead plates. For

adaptation purposes, each T-schaped piece is composed of a screwed
steel plate (section : 60 x 10 mm) with welded struds for panel

attachment and a steel T-shaped piece base (section 20 x 50 or 20 x

75 or 20 x 100 mm) depending on the selected lead thickness.

- The Tead panels are placed between the T-shaped pieces and held in

position by lead plate strips screwed on the angle bracket bases.

- The lead plates are vertically relying on each other so that the

weight is directly picked up by the ground.

This system has been tested as a complete unit mounted in the cell of
the workshop set up in Fontenay-aux-Roses (dimensions : 0.8 x 3.76 m and
thickness : 2 x 25 mm).

No specific difficulty was noted in assembling the T-shaped pieces or
in handling the 1lead plates. Therefore qualification of the biological
shielding was obtained for its integration in the tight modular
workshop.

5 CONCLUSIONS
The new components incorporated in the modular workshop allow for its
utilization in the teleoperation mode owing to the following functions :
- supporting of standard telemanipulators (dia. 254 mm),
- tight access to equipment via motorized hatches mounted on frame
panels,
- tight transfer of equipment items of dia. less than 250 mm towards
another tight enclosure or vice-versa,
- support of removable wall equipment and tight transfer in glove-
box,
- modular biological shielding of the workshop : up to 100 mm of lead
may be added up to the existing standard and special panels; these
are now qualified for working in teleoperation mode.
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DEVELOPMENT OF MEASURING AND CONTROL SYSTEMS FOR
UNDERWATER CUTTING OF RADIOACTIVE COMPONENTS

P. DREWS and K. FUCHS
Prozessteuerung in der Schweisstechnik, RWTH Aachen, FRG

Summar

The underwater dismantling of nuclear power plants has to be remotely
controlled with simultaneous optical control by underwater cameras. It
1s this optical control in particular that leads to problems as, for
example, abrasive wheel cutting is subjected to a wide range of
interferences so that a minimum of contrast and blurred contours of
camera images must be accounted for. This paper describes a new image
processing system that has been developed in addition to the use of a
modified underwater TV camera for optical cutting process control
(plasma and abrasive wheel cutting). Workpiece recognition is
performed through the comparison of actually measured objects with
pre-trained reference patterns allowing the determination of object
location and orientation, the data of which are then supplied to the
handling controller.

A completely satisfactory prototype system has been built, which is
capable of performing image analysis (workpiece recognition, workpiece
position, etc.) as well as the control of a handling system with an
inductive sensor (distance detection, edge recognition and distance
control). With an additional camera the operator has the means of
visual process observation. The overall functioning of the system has
been tested and demonstrated with a four-axes handling system.

1. CAMERA FOR WORKPIECE RECOGNITION

A new 1mage processing system with a solid-state camera has been
developed, built and adapted to workpiece recognition tasks with special
consideration of the rough work conditions typical of cutting procedures.
The camera system is thus suitable for extreme conditions like cutting under

water.
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Figure 1 shows the spectral response of the solid-state camera and
also illustrates the spectral transmission course of water in comparison
with the spectral sensibility of the solid-state camera. The overlapping of
the curves leads to a range of wave length of only 500-700 nm to illuminate
a given scene. The use of halogen reflector lights is therefore a reasonable
means.

For image pick-up, the semiconductor camera uses an image matrix of
128 * 128 pixels with 60 nm a distance. The controller of the camera
provides a number of signals for surveillance and control of the camera
functions. It is possible to adjust the pixel scanning frequency within a
range of 0.25 MHz up to 5 MHz corresponding to an image frequency of up to
260 images/sec. The camera computer is fitted with two image storages to
which optional access through reading and writing is possible. In the image
storages, the binary as well as the grey-scale value are simultaneously
stored. The internal arrangement of any image storage allows simultaneous
reading and writing access of the processor to the contents of the image
storage while the camera's writing is in progress. Figure 2 presents the
block diagram of the camera system processing the image.
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CpPU ROM RAM FRAME 170 [ FRAME VIDEO | INTERFACE
STORE STORE A
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o 0 - | Sateimie]
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LconTROL YHRESHOLOD
Ivmm
e =

Fig. 2. Block diagram of camera system for workpiece recognition

Communication with the handling system is intended to be performed by
parallel interfaces. By sending the command 'start measuring' to the camera
system via handling system control, synchronization and initiation of a
measuring cycle is effected. After measuring, information on location of
object, orientation and measuring errors is available to parallel ports for
further processing.

2. DESIGN AND ASSEMBLY OF AN OPTICAL CAMERA SYSTEM WITH SIGNAL PROCESSING
AND EVALUATION THROUGH MICROCOMPUTER CONTROL

Any image is presented to the computer as a digital matrix of grey-
scales. The job of an image processing system is to break the images up into
segments, to attach internal patterns to these segments and so provide a
description of the objects involved in a given scene together with their
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locations. For the retrieval of this information, problems arising in
information pre-processing, information reduction, segmentation, feature
extraction, representation and analysis, need to be tackled and solved.

2.1 Image Pick-Up and Pre-Procession for Interference Reduction

Image break-up starts off with the synchronous reading and storage of
grey-scale image consisting of 64 grey-scales. It is important at the stage
of taking the picture that the overall illumination and photographic con-
ditions be selected in a way that the objects to be recognized and measured
stand out clearly against the background.

The original image is stored in the first of two image memories. Any
further activaties, such as, for example, filtering processes, and the
storing of intermediate results, are effected in the second image storage so
as to allow the original image to be always available for comparison with
other images.

The task of image pre-processing is the reduction of interferences
(such as dust, etc.) and their impact on the amount of information of
interest. For the elimination of faults caused by the device itself due to
defects within the camera system or within the optical system, it is
suitable to generate one reference image of the original image.

For the reduction of locationally closely confined interferences, low-
pass filtering and weighted average filtering show good results. In order to
keep the time consumption for calculation processes within a reasonable
limitation, operations like these should be restricted to small window sizes
of, for example, 3*3 dots. The median filter represents an effective, even
if time-consuming operation. This operation, as line-orientated filter,
eliminates even strong interferences. This method allows any number of
interferences of a width smaller than half the filter to be eliminated.

As mentioned above, the workpieces must stand out against the back-
ground through a significant change of light intensity. The transitions of
light intensity thus given at the edges of the object, whose steepness
varies in relation to the photographic conditions, are emphasized in a
further pre-processing stage. This permits the segmentation into significant
partial areas by applying the filter operation to the entire image. This 3*3
operation combines low-pass filtering in horizontal and vertical directions
and subsequently determines the local difference. With these differences,
changes of intensity in lines and in columns are copied as local intensity
maxima. As a consequence of the combined low-pass filtering, the result is
resistant against random noise which must be paid for with slightly wider
contours.

2.1.1 Segmentation and reduction of information

Up to this stage, all operations have been applied to the entire
contents of the image. The task of the following image processing is the
reduction of this great amount of information to only the relevant
information. This is effected by an edge tracking algorithm generating thin,
binary contours of the object from the gradient image generated by the Sobel
operation. Starting from suitable initial points (e.g. points with high
gradient value), paths which meet as closely as possible predefined criteria
are sequentially generated. With the implemented procedure, starting from
the actual edge and its initial direction, any path that can be generated by
a change of direction of O0°, +45° or -45° is investigated into three
directions up to a depth of three image pixels. For the appraisal of the
respective direction, the total of all gradient values of the nine paths are
drawn on., By starting from the actual point the next contour point is
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defined as that which is located in the direction of the maximal evaluation
figure. The contour points so determined are stored in a reference list for
further procession.

With the implemented algorithm those contour points are marked by
flags in the image memory which are reset at the beginning of contour
tracking. Before a new contour point is included in the reference list on
contour tracking, the flag of this image pixel is tested. If this flag
indicates that this image pixel has not yet been marked as contour point, it
is included in the list as a new contour point. Otherwise, contour tracking
is stopped since a contour point already specified has been reached. A
contour is completed if start and end point are the same.

2.1.2 Specification of characteristic features

After extraction of the contour, the contour must then be examined as
to which features are typical of the workpiece. Since only completed
contours are admitted, this line encompasses a plane whose centre of gravity
can be specified. Furthermore, the perimeter is calculated in addition to
the contour length already determined. Plane and perimeter are set off to
the so-called shape factor, being thus an additional characteristic feature
of the workpiece. The radius function is a further characteristic feature
designating the workpiece. The distance between contour and centre of
gravity is calculated and stored as radius function. 1In developing the
radius function, the following special issues must be taken into account.
Depending on the respective course of the contour, the centre of gravity can
be located outside the completed contour line. This is why no distance value
can be determined for some angles. In cases like these, the zero distance
value is attached to the respective angles. On the other hand, several
contour points can belong to part of one angle. In this case, the maximal
distance value is assigned to the respective angle. The course of the radius
function specified in this way is a characteristic feature which can, on the
one hand, serve to distinguish between different workpieces and, on the
other hand, allows the determination of the location of a recognized
workpiece. Figure 3 clearly illustrates the course of the radius function of
a square object.

RADIUS FUNCTION

Radius
18- ,le
1517 1
surfacetyp :square
121 array : 812
perimeter : 113
9 ACFD 1 761
6
34
0 Y Angle (DEG)
0 90 180 270 360

Fig. 3. Typical course of the radius function of a square object
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In order to assign a feature-describing numerical value to the course
of the radius function typical of the workpiece, a correlation algorithm has
been developed and implemented:

mn-1
ACFD = { I | V(i) = V((r+i) mod m) | 0 <1 <m-1)
i=0 meN

The maximal value of the ACFD serves as a geometric feature for the
detection of a workpiece. Figure 4 illustrates the course of the ACFD of the
above square object.
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F1g. 4. Auto-correlated function of differences of a square object

Furthermore, this correlation function also serves to determine the
orientation of an object recognized in relation to the reference position
taught. For this purpose, the radius function of the actual workpiece to be
measured is correlated to the radius function of the predefined reference
pattern following the above rule. Highest agreement between the reference
pattern and the actual pattern is given wherever this correlation function
has the absolute minimum. The location of this minimum specifies the
deviation of the actual object from the predefined reference position.

2.1.3 Object recognition and measurement

At present, the existing system allows teaching of up to 15 objects
each under a different object name as a pattern together with the features
plane, perimeter, auto-correlation value and radius function, their storage
and their simultaneous availability to be worked with.

In order to compare an actual workpiece with the stored patterns and
thereby to recognize the object, a three-dimensional feature vector of the
object to be recognized is developed. This vector indicates a certain point
in the feature area and is compared with the feature vectors of all the
patterns stored. This is achieved by calculating the respective distance
between the actual point from the characterized area and point taken from
the pattern. From the amount of patterns the nearest one to the feature
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point of the object actually to be recognized is selected. The absolute
value of the minimal distance value has been chosen as a further criterion
with the help of which it is decided whether the actual object does exist in
the form of a pattern at all and can therefore be recognized. If this
distance value exceeds a programmable value, the object is considered not
recognized. This indicates, on the one hand, that the object is not known to
the system or, on the other hand, that pick-up conditions have decisively
changed so that reliable recognition of the object is no longer possible. If
the object has been recognized, its orientation is calculated in relation to
the adapted orientation. Then the name of the object, location of centre of
gravity and orientation, are issued.

With the coupled sensor-handling system, in which the camera is
rigidly mounted above the operating range of the handling system for
correction of tool movements, camera coordinates must be transformed into
the coordination system of the handling system.

2.2 Work Phase

During the work phase, the control unit of the handling system sends a
request signal to the camera computer. This signal initiates a full image
processing cycle. After object measuring is finished, the camera computer
supplies the actual information on the type of object, 1location of object
and orientation over to the handling control. The control unit of the
handling system uses this information to call up the object-specific motion
program, to correct it in accordance with the actual data in terms of
location of object and orientation and to start the process.

Figure 5 finally presents the design of the overall system which has
been developed to show arrangement of some of the individual components and
sensors in cooperative function.

control of the CNC-unit

with inductive sensor:

image analysis with . ~ distance detection
cameras - edge recognition and
- workpiece recognition edge positioning

- workpiece position lZ - distance control

- centre of gravity

- data exchange with
CNC-unit

fvisual process \
observation

Fig. 5. Camera-controlled cutting of components
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3. CONCLUSIONS

A system like the one described above allows the workpiece position
under water to be measured in three dimensions by means of a camera system.
In addition to this, the possibility exists to adapt handling movements on
the basis of the camera information supplied. Fine positioning is performed
with the help of additional inductive and optical sensors. The overall
operation of the system was tested and demonstrated with a four-axes
handling system, leading to the conclusion that the decommissioning of
nuclear components under water is definitely possible, provided that the
ambient water is clean and that components stand clearly out against the
background.
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DEVELOPMENT OF A PROTOTYPE SYSTEM FOR
REMOTE UNDERWATER PLASMA ARC CUTTING
AND
SECONDARY EMISSION MEASUREMENTS

AUTIER Robert
Commissariat a4 1’Energie Atomique, Cadarache, France

PILOT Guy
Commissariat a4 1’/Energie Atomique, Saclay, France

BSTRACT

An account of the dismantling of nuclear
installations by plasma arc cutting is given by the
authors in this conference paper.

These research and development tests of the
plasma arc tool are relative to its use under variable
conditions (working parameters, remote piloting,
cutting environment, radioactive or non-radioactive
materials, maintenance) with an assessment of the
secondary emissions (gases and aerosols). The nature
and concentration of the different gases and aerosols
as well as the size distribution of the latter are
defined. The balance of the solid secondary emissions
is also carried out for certain tests.

1. INTRODUCTION

Research testing relative to dismantling by underwater
plasma arc cutting was carried out in the realistic
environment of the Pegase reactor hot workshop at Cadarache
in close cocperation between the Service Support Technique
(Technical Service) and the Service de Protection des
Installations nucléaires (Nuclear Protection Service) of
Saclay.

This research was done keeping in mind the problem of
the "dismantler", and therefore, the following main
objectives :

- simplicity, robustness

- remote maintenance of the tool

- semi- industrial character with mockups from real

installations

- analysis of harmful emissions

Plasma arc cutting has certain advantages such as low
tool reactions during cutting, reduced size of the torch,
high cutting speed (6 cm per min for 1000 mm thickness)
(see figure 1).

This process requires :
. electricity (200 kw for 100 mm thickness), gas for
plasma, and water for cooling
. the remote control of the tool,
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and generates secondary emissions such as slags, gases, and
aerosols

2. THE TOOL : ITS IMPROVEMENT, CONTROL, ENVIRONMENT

Presently available torches, for working in air
required considerable modification for remote work
underwvater.

. Preliminary tests showed that it was essential to
maintain a constant distance between the torch and the work
piece.

. A mechanical system wusing ball bearings was
therefore adapted (see figure 2).

Numerous tests with different gases such as argon,
hydrogen, nitrogen or their mixture were carried out.

Argon has a low ionisation potential and thus enables
correct arc control to be maintained.

Nitrogen has high enthalpy and molecular mass. However
it generates nitrous by-products which may affect the
environment.

Hydrogen makes cutting easier, but is not acceptable
for safety reasons.

. The main wearing factor is the forming of parasite
arcs on the torch nozzle. The nozzle is now protected by a
ceramic sheath against slags.

. Tool control is ensured by a motorized system (see
figure 3) associated with a pneumatic spring and inductive
sensor system (see figure 4). The edge of the plate is
defined by the pilot arc.

The torch system is nuclearized (see figures 5 and 6)
in order to facilitate remote changing of main wearing
parts (tuyere, electrode and torch body).

These parts are removed using simple tools and
replaced by axial interlocking (see figure 7).

. The working environment 1is equipped with a
3.2 cubic meter modular containment in stainless steel.

This containment is placed above a 1.5 meter diameter,
3 meter deep cutting tank (see figure 8).

The containment has a ventilation circuit, connected
to the main bulding. Ventilation system, with a HEPA
filter upstream and an electrostatic filter downstream.

The circuit is equipped for measuring gases and
aerosols (see figure 9).

The air inlet and outlet in the containment are
placed so as to prevent the spreading of gases and
aerosols.

Standard operating conditions are :

a ventilation flow of 1000 m3/h, a negative pressure of
10 mm water column.
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3. SECONDARY EMISSIONS

The secondary emissions are mostly constituted by the
following elements

- sedimented dross

- attached slag

- suspended particles (taking account of soluble

element)

- gases and aerosols in the air and drawn off in the
ventilation circuit.

As an example, following the cutting of a stainless
steel plate 900 mm long and 40 or 20 mm thick, the
conductivity of the water increases from 3.5 p S to 30 p S
(see table I)

3.1 STUDY OF THE GASES

After studying the composition of the gaseous products
with pure argon at their source, the cutting of a plate,
70 mm thick and 1500 mm 1long, results in a hydrogen
emission of 14 to 20 % in volume at the source.

A dilution flow of 1000 m3/h is then necessary so as
not to exceed the threshold of 1 % in the exhaust duct

Moreover, nitrogen oxyde is produced to a level of
15 ppm with pure argon and of a 1 to 2 % with an argon-
nitrogen mixture.

The ozone concentration is negligible.
The gaseous balance for the same conditions is given in
table II.

3.2 STUDY OF THE AEROSOLS

A diagram concerning aerosols is given in
figure 9.They have a normal log size distribution centered
towards a mean diameter of 0.1 pm (see figure 10). The
mass concentrations in the exhaust duct are 20 to 40 times
lower than for an underwater cutting (see figure 10).

The elementary chemical composition of the aerosols
compared to the composition of the cut steel shows a slight
enrichment in chromium (lower than 2) and a high enrichment
in manganese (higher than 30).

4. RADIOCACTIVE BALANCE

After cutting radioactive plates only the cesium
radioactive balance has been established. This radioactive
element is one of the most commonly encountered in the
dismantling of nuclear installations.

Numerous samplings, of filters, solutions, rubbings,
for example carried out during the cutting of contaminated
and activated plates (0,7 Bg g-1 and 1900 Bg g-1) enable
the following results and conclusions to be obtained :

. The aerosol concentration in the exhaust duct, with
a flowrate of 1000 m3h-1 varies from 1 to 4 mg m-3, and the
137 Cs volumic activity varies from 380 to 900 Bqm-3.
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. The mass median aerodynamic diameter of the aerosols
is about 0.2 pm (see figure 11)

. Sedimented dross and aerosols represent respectively
85 % and 0.1 § of the removed mass.

The radioactive analysis clearly shows :

. A two-fold explanation of the water activity : non-
fixed activity transfer on the whole work piece after
immersion, and activity transfer from the cut part.

. Important cesium enrichment in the aerosols. The
137 Cs/60 Co ratio in the plate before cutting and in the
aerosols leads to an enrichment factor over 10.

. As for the 60 Co, 137 Cs, 54 Mn radioisotopes
involved, the efficiency of the electrostatic filter used
is greater than 90 %. This type of prefilter ensures the
protection of the HEPA filter.

Taking into account the different epuration and
dilution systems of our installation a radioactive balance
was carried out showing global activity distribution
(see figure 12)

The volumic activity along the ventilation system (see
figure 13) is given for a work piece contaminated mainly
with 137 Cs, and for which most of the activity was not
fixed.

Table |
mass distribution of the secondary slements
(thickness of the workpiece : 20mm)

mass loss ® @ Q@ ®

CONDITION of the |atiached | sedmented|suspended
S workplece | slag drosse particies | aerosols

gm0 | %) %) %)
UNDER
UNDER ©48 87 92.9 49 | .o0s9
IN AR 1308 57 9.1 194

* Percentages In relation to total D+@+Q+@

Table Ul
gaseous repartition (I/min)

Plasma gas : pure argon
Thickness : 70mm

Length : 1500mm
water
Ar Ha | O2 | NO | NO2 | O3 [steem | towal
and
others

170 50 5 4.2 109486 04|25 07| 22 247




horizontal connection on vessel

vessol wall with variable thickness plate : thickness 70mm - length 1500mm

Figure 1: examples of pieces cut by plasma torch
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Figure 4 : pneumatic spring and inductive sensor system
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Figure 6 : plasma torch system

Figure 7 : wearing parts removed using
simple tools and replaced by
simple axial interlocking
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Figure 12 : cutting of a contaminated workpiece — 137 cesium case
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THE TELEMAN PROGRAMME

H.J. de Nordwall
Commission of the European Communities, Brussels
Head, TELEMAN Programme

ABSTRACT

The TELEMAN programme is a five year cost-shared research programme
covering remote handling in hazardous and disordered nuclear
environments.

TELEMAN's technical objective is to strengthen the scientific and
engineering bases upon which the design of teleoperators for use
throughout the nuclear industry rests. This will be done by
providing new solutions to problems of manipulation, material
transport and mobile surveillance in nuclear environments and by
demonstrating their feasibility.

The Commission's motivations lie in the potential teleoperators
have to improve the separation of workers from radioactive
equipment. The same technology will also enable plant operators
and public authorities to deal more effectively with nuclear
accidents. Finally, gains in productivity, particularly in the
repair and maintenance area can be expected.

Community support 1is justified by the cost of the reliability and
autonomy required for the nuclear teleoperator, the need to
rationalise R & D investment in an area of increasing industrial
potential and a common interest in coherent responses to
emergencies.

INTRODUCTION

Remote handling has always been an important part of nuclear
technology characterised by the exercise of considerable mechanical
engineering ingenuity under trying conditions and an endless debate
between the advocates of simplicity and automation. Simplicity often
meant man providing power, control and tactics ; automation meant a
dedicated system, not unlike a production line, whose maintenance
became a nightmare, and is still perceived as such by some engineers.
The electronic revolution has given us new options : computer assisted
teleoperation in which man shares the functions of control with a
machine potentially able to work faster and longer than the human hot
cell operator ; relief from the drudgery of repetitive operations ;
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machines able to maintain machines and the transfer of complexity
from operator to a control system with which he can communicate in
something approaching his own language. Tactics for the moment,
remain a human function, but one can forsee a time when intelligent
machines will plan and execute operations and supervise the human
operator.

That the new technology came at a time when nuclear research was
becoming difficult to fund in some countries was an additional bonus
to those institutions already seeking a broader role in the research
and industry of their countries; that the robot jumped from science
fiction into industry when it did was because of the dramatic
reduction in the cost and size of the electronics associated with
sensing, control and communications rather than advances in
engineering, though robots will only play an important part in our
lives if engineering development proceeds in parallel. From the
nuclear side utilities were under pressure to reduce radiation doses
during inspection and maintenance and perform new inspections to
extend the working lives of their plant. Then came the Three Mile
Island and Chernobyl accidents.

The Commission, like other organisations charged with nuclear industry
promotion, could not ignore a technological opportunity that promised
simultaneous gains in performance, reliability, plant surveillance,
operator exposure and cost. It therefore mounted a series of studies
with the following objectives :

To investigate the likely evolution of the nuclear market and
teleoperators in the light of anticipated developments in both
robotics and nuclear technologies.

To analyse the functions required of robots and teleoperators to meet
currently perceived nuclear needs.

To suggest appropriate lines of development.

To provide a basis from which any future Commission activities could
.be launched.

In addition those working units of the Commission who needed
teleoperators to meet other obligations, such as fusion development,
have sought out firms willing and able to meet their needs.

. NUCLEAR REQUIREMENTS

The range of radiation fields experienced in the nuclear industry
makes it convenient to consider three classes of application :

applications in which a reduction of doses to the nuclear workers is
achieved by avoiding many small exposures to radiation,

applications where several men or teams of men are needed to avoid
individual dose limits being exceeded,

applications in which man acces in inconceivable.

In all of these categories contamination can make removal of a machine
from the workplace, for example for repair, slow and expensive.
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The jobs performed in the first group are often repetitive and
precisely defined. Monitoring and washing transport casks is not too
dissimilar from paint spraying. The packaging of nuclear fuel or waste
has wmuch in common with packaging and warehousing technology found
elsewhere and industrial robots have been successfully adapted to a
number of such tasks. Contamination control 1is achieved using
flexible gaiters and clean air flows through the robot into the
workplace. In automated fuel transfers linear motors in which the
stator remains outside containment have been used.

The second group includes jobs with an element of unpredictability.
Searches for the causes of observed abnormalities, maintenance, and
the repair of plant situated within closed containment can all require
machines that can be configured in different ways, possess
considerable dexterity and are capable of wovement within their
working environments.

This lack of definition simultaneously creates enthusiasm for new
technology and suspicion on the part of potential users about the
cost benefit equation.

An even greater degree of flexibility is likely to be required of
machines intended for use in the completely inaccessible environments
found in reprocessing, irradiated fuel handling, fusion and severe
accident management. All inspection, maintenance and repair tasks,
forseen and unforseen must be executed in ways that meet stringent
requirements for remote repairability and reliability over a long
period. Wwhen the time required to gain needed confidence in such
unfamiliar technology is added to its development time, it is hardly
surprising that the gestation period is long.

TELEMAN addresses the two latter groups of applications, those
characterised by a demand for flexibility and by uncertainty. The
combination of uncertainty and concern about damage to the plant as a
result of collision or incorrect execution of a job forces one
towards teleoperation in which man remains in the control loop.

Complexity, difficult communications, poor vision and the shortcomings
of man as a controller of processes with many degrees of freedom have
led to the concept of computer assisted teleoperation where the
operator can call up a number of autonomous functional packages to
execute specific jobs.

The computer can in turn, given suitable imputs from sensors or
position encoders, help the operator to avoid collisions, illegal or
dangerous actions. Robots and telemanipulators currently under
develoment are being given artificial intelligence to raise the level
of man-machine communication and hence further relieve the operator
from problems arising from complexity.

In any case artificial intelligence is an essential component of
autonomy. The extent to which nuclear users will embrace autonomy,
even in the context of a system supervised by a human operator,
remains to be seen. At present the human operator is being asked to
cover for some of the fundamental problems associated with intelligent
machines namely the licensing of inference engines and the
acceptability of recursive programme generation. Clearly both
operator and machine are growing in intellectual stature.
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Examination of the technology required for damage assessment or
control will continue with a view to including this type of machine in
a later programme.

3. PROGRAMME STRUCTURE AND CONTENT

TELEMAN will address basic problems associated with remote operations
using computer assisted teleoperators with increasing degrees of
autonomy, questions relating to teleoperation in nuclear environments
and the integration of the disciplines that make up robotics.

To serve the maximum number of nuclear industry users and
entrepreneurs and minimise the risks associated with a rapidly
evolving market, TELEMAN will invest most of its resources in the
provision of generic building blocks for incorporation in a variety of
specialised machines. These sub-system technologies in turn could
then be used by industry in ways that cannot all be forseen today.

TELEMAN will demonstrate its research products by incorporating them
into research machines that exist or are under development in the
laboratories of its contractors. In the context of TELEMAN, research
machines will serve as devices for the integration of technologies and
technologists. Analysis of the behaviour of research machines will
show how machines will need to evolve to meet commercial demands and
thus lay the groundwork for product development and demonstration
programmes to be executed outside TELEMAN by industry in a competitive
environment. It is accepted that advanced teleoperator development
requires a step between development of sub-system technology and the
production of an industrial prototype as well as frequent interaction
between constituent disciplines. Research machine construction
therefore needs a multi-disciplinary environment.

Finally provision will be made for evaluation of the products of
TELEMAN by users. This will include reliability assessments and
mission simulations. Studies of issues of general interest such as
what is needed for a minimum effective response to a major accident or
the assessment of new technology as a prelude to its inclusion in the
programme will also be made.

3.1 Component and Sub-system Development

Examination of the machine functions required for a wide range of
teleoperator applications showed that there is a recurring need for a
relatively small number of basic technologies and, in this area, there
is a high degree of complementarity with ESPRIT. Key topics are those
connected with perception of surroundings, intelligent job or route
planning and decision making, power transmission, locomotion,

manipulation, control and communication. One should therefore expect
TELEMAN to utilise in the nuclear industry, where possible, mainstream
robotic developments. In general control equipment will be rather
independent of the mission to be wundertaken whereas sensors,
communications and locomotion tend to be rather job specific.
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3.2. Environmental Tolerance

Teleoperators to work in nuclear environments will need to tolerate
radiation, heat, corrosive chemicals, water, steanm, dust,
electromagnetic interference, vibration and decontamination. TELEMAN
will provide design methods and data on environmental tolerance and
failure modes.

This will require the development of circuit elements, electronic
systems, sensors and materials resistant to these threats and having
known and understood failure modes. In addition means to monitor
damage to the machine so that it may remove itself from the threat
will be needed.

Available and emerging electronic hardware will need to be ruggedised
to make it applicable where radiation fields and temperatures are
high. Finally, the desire to cope with disorder leads naturally to a
need for devices to monitor mechanical stability and stress and
provision must be made for rescue or repair of stranded machines.

3.3 Research Machine Projects

Research machines are experimental machines that precede prototypes.
Their purpose is to demonstrate the integration of the disciplines of
informatics, engineering, ergonomics and psychology involved in
teleoperator construction into neat serviceable packages. They also
serve as test-beds for novel components or control systems and
essential aids for the training of engineers in teleoperation and
robotics.

It has been agreed in consultation with the TELEMAN Users group that
the programme should be focussed on the following classes of
teleoperator :

i) Improved light, mobile machines that can be used to collect
information, relay signals, provide alternative viewpoints or
serve as an extra hand.

ii) More robust, mobile machines for maintenance, repair, post
accident intervention or decommissioning. This includes
manipulators attached to gantrys and teleoperated cranes.

iii) Improved long reach devices able to work through restricted
apertures in a containment boundary.

Several test-beds and demonstrators amenable to modification already
exist.

3.4 Product Evaluation

This task has three objectives :

- To involve end-users of teleoperators in TELEMAN by inviting them to
test and evaluate concepts developed in the laboratory.

- Monitoring of developments capable of influencing trends in
teleoperator development.
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Monitoring the status of tools for the assessment of performance,
reliability and user-friendliness.

. RELATIONSHIP TO OTHER CEC PROGRAMMES

Important non-nuclear creators of technology useful for nuclear remote
handling are to be found in the ESPRIT and BRITE programmes. The
fusion and decommissioning programmes are important users as well as
active builders of specialised teleoperators.

However, while reading the descriptions that follow of what could be
available from ESPRIT and BRITE, one must bear in mind that their
goals differ from those of TELEMAN. The relative priorities of safety
and productivity are reversed and nuclear environments can make
maintenance and recovery of vehicles extremely expensive and even
dangerous if adequate attention is not paid to fault tolerance. That
said, even a modest transfer of technology from these programmes would
be significant for TELEMAN.

1 ESPRIT Input

Relevant ESPRIT 1 projects can be found in the Computer Integrated
Manufacturing, Advanced Information and Software Technology sub-
programmes . The Computer Integrated Manufacturing Programme is
essentially an application driven activity. It covers standards,

job planning, the design of material transfer tools, some of which
are based upon industrial robots and others on more specialised
manipulators, sensor integrated control systems, CAD-robot interfaces,
robot programming, communications and machine identification
transponders that could perhaps be used in robot recovery systems.
The list of potentially interesting projects has been discussed with
ESPRIT managers. The information available to those dealing with
TELEMAN in the Commission includes status reports, budgets,
evaluations of how well members of the groups collaborated, the
quality of contractors, the availability of usable products, and the
existence of proposals for ESPRIT 1I. This would also benefit
TELELMAN contractors.

The Advanced Information Processing and Software (AIPS) projects are
more technology driven and therefore usually further from the
marketplace. Some of the more interesting projects are algorithms and
dialogue controllers for speech driven processes, systems for fault
diagnosis in communications networks, expert system builders, data
bases for use with real time process control using knowledge based
systems, image analysis (including moving images), mapping and real
time navigation, decision making control, low cost high performance
multiprocessor computers, software reliability, re-usable software
modules and environments to accomodate them.

Arrangements aimed at exploiting ongoing work in TELEMAN have been
studied.

The Commission's investment in these project is some 80 MECU to date.

A list of ESPRIT II projects cannot be given yet since many are still
being negotiated. CIM is expected to expand into process control, and
more emphasis will be given to material handling arms with a long
reach and robot vehicles for use in factory environments.
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Existing activities in vision sensor data fusion will continue in the
direction of the further development of devices to inspect machined
parts e.g. by combining camera images with CAD data.

Two vehicle developments are under consideration, one as a test-bed
for control software, the other for use in the logging industry.

TELEMAN can undoubtedly benefit from close liaison with these
projects, in which the Commission expects to invest some 35 MECU.

A number of the projects concerned with generic problems in real time
computing, artificial intelligence and environmental perception are
expected to continue.

4.2 Basic Research in Industrial Technologies (BRITE)

TELEMAN expects to benefit from BRITE investment in high strength
plastics and composites. Interesting products include thermosetting
sheet material for the preparation of moulded composite structures,
techniques for producing complex three dimensional shapes from
reinforced plastics and improved polyimides for service at 250-350°C.

4.3 Decommissioning and Fusion

Oorganisations engaged in decommissioning and the fusion programme
itself are markets for teleoperators. The decommissioning programme
has a budget of 18 MECU, JET and NET rather wmore, to adapt existing
technology to their needs.

Both JET and the Decommissioning Programme finance important
demonstrations of current technology and these demonstrations can be
seen as important test-beds for new technology. Analysis of the
performance of their tools will serve to define future needs in a
practical way. JET, and to a lesser extent decommissioning, have had
to engage in the development of new technolgy because what was
avalilable could not do the job. Other users of teleoperators such as
CEGB and EdF have also chosen to develop a significant part of the new
technology needed in-house.

It is to be hoped that decommissioning contractors will exploit
TELEMAN to develop generic technology required for the next generation
of tools. Users of the types of machine that have emerged as foci for
the TELEMAN programme can readily be envisaged in Decommissioning and
Fusion. In addition at least one civil engineering company has
perceived the potential of intelligent cranes outside the nuclear
industry.

Two classes of teleoperator not catered for are large automatic guided
vehicles for carting away rubbish prior to packaging and vehicles
designed to deliver the large tools required for disaster management
to their workplaces the at site of a major accident. Public money is
however being spent on development of teleoperated military vehicles
for example for the movement of men and supplies.
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IMPLEMENTATION

TELEMAN is managed by CGC 5 sitting in a special configuration, which
is designed to reflect all nuclear interests. The Chairman of the
TELEMAN Users Group in an ex-officio member of CGC-5 T.

Preference will be given to projects in which industry, research
organisations and universities collaborate and participants come from
more than one Member State. The Commission will contribute up to 50 %
of approved research costs.

In cases where work, supported by national funds or entirely privately
funded is already going on, the Commission's role may be limited to
simply organising co-ordination and providing some Community funding
to cover the cost of collaboration. However, in certain cases where
it is clear that strategically important work requires a common
approach, the Commission could, in consultation with the CGC, consider
organising concerted actions.

Provision for training or mobility grants specifically linked to the
objectives of the programme are envisaged. These grants enable
students and researchers to take advantage of facilities elsewhere in
the Community to carry out the practical work for an advanced degree
or to gain first hand experience of a technique.

TELEMAN was finally adopted on the 18 July 1989. A first call for
proposals was published on the 22nd. September. Proposals should reach
the Commission by the 30th. November.
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DISCUSSION

Question: J WILLIAMS, UKAEA-Harwell - How do the economics of using a laser
to dismantle items compare with other methods of dismantling, eg plasma
cutting?

Answer: B MIGLIORATI, FIAT - The economic evaluation of the laser must be
carried out after definition of the component to be dismantled and after
detailed design. Our programme is not yet at a stage to make such an
evaluation.

Answer: P GARREC, CEA-Saclay - The robot itself does not raise special
comments on its cost. It is a very simple arm, since no effort is applied on
1ts structure. The expendables of the robot are the lenses and the mirrors.
They have to be replaced regularly. We have not compared the laser technique
with other dismantling techniques.

Question: A ETTEMEYER - Is there any experience with underwater laser
cutting?

Answer: P GARREC, CEA-Scalay - We have already practised this type of
cutting in our laboratory. Please contact us to visit the laboratory to
discuss the technique further.

Question: G COSTE, CEA-FAR - What about improving the performance in laser
cutting, in particular to cut pipes of about 2 or 3 inches in diameter?

Answer: P GARREC, CEA-Saclay - The laser power can easily be raised to 2 or
even 3 kW without inconvenience for this type of robot. The intervals of
replacement of the expendables may be reduced proportionately. However, at
this time we are able to cut mild steel pipes of 1.5 inch diameter with an
effective power of about 800 W. Two- or three-inch pipes could certainly be
cut with an optimised gas jet. The main problem is to expel the fused steel
with the same rate of power.

Question: E SKUPINSKI, CEC - What is the present status of development of
automatic trajectory teaching with the aid of a three-dimension laser
camera?

Answer: J GONNORD, CEA-Saclay - The feasibility of the use of a three-
dimension camera to replace the teaching phase has been demonstrated. The
1mage of the work space (field depth 80 to 200 cm) is reconstructed on the
operator screen using a simple man-machine interface. The operator indicates
on the screen the desired trajectory with the aid of an electronic mouse.
The PC then computes the actual trajectory points.

The main problem comes from the fact that the uncertainty on the
coordinates (X, Y, 2) given by the camera is either very low (less than
1 mm) or infinite, 1n the case of reflective discontinuity. The software is
now able to decide i1f a point is good or not in more than 90% of the bad
cagses from intensity data which are also returned by the camera. Information
given by the operator may also be used.

Question: G COSTE, CEA-FAR - What about 'normalisation' of different
measurements done in various European countries {(Hannover, Windscale, etc)?

Answer : G PILOT, CEA-Saclay - In the framework of standard cutting
experiments using a plasma torch, the same measurement rig for secondary
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emissions has been used in order to eliminate the discrepancies arising from
the use of different measuring devices. The contractors involved in the
standard plasma cutting experiments were: University of Hanover, Heriot Watt
University of Edinburgh and CEA-Cadarache. These measurements were done by
CEA-Saclay within the framework of a contract under the 1984-88 EC programme
entitled 'Measurements of secondary emissions from plasma arc and laser
cutting in standard experiments'. All results are presented in our paper,
but we can say now that the differences we found result mainly from the
different scales of the facilities and sometimes from certain particular-
ities in the cutting parameters.

Question: L GILLON, SCK/CEN Mol - Could you please specify the type of
metals which can be cut by the plasma arc method?

Answer: R LEAUTIER, CEA-Cadarache - The plasma arc torch can handle such
metals as stainless steel (including claddings), carbon steel and aluminium.

Question: G COSTE, CEA-FAR - What is your view about improving the
performance of underwater plasma arc cutting, especially for cutting in PWRs
(vessel thickness of about 250 mm)?

Answer: R LEAUTIER, CEA-Cadarache - It is apparently physically possible to
obtain underwater plasma arc cuts up to a thickness of 120-150 mm. Our
colleaques at the University of Hanover are developing a plasma arc cutter
and a tool based on an electric arc with consumable electrode assisted by
water jet for cuts of about 200 mm. Under the EC programme we intend to test
these tools, as well as the pilot systems developed by the University of
Aachen, in a nuclear installation at Cadarache. The secondary effects
associated with these processes will also be evaluated.

CONCLUSION

The main items in this session were robots for laser cutting, systems
for underwater plasma cutting, and control systems for underwater cutting.
From the papers presented and the subsequent discussion, the following
conclusions can be drawn:

- For laser cutting: so far no practical experience on actual full-scale
operations has been gained. Further improvements, mainly in
flexibility and power are badly needed. .

- For underwater plasma cutting: a valuable amount of data has been
accumulated at various sites, dealing both with the process and
emitted effluents which are now mastered. The next step will be to cut
thicknesses encountered in PWRs.

- Underwater viewing remains a very difficult problenm, even with
sophisticated cameras and computers.

G COSTE, CEA
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Underwater Cutting Techniques Developments
Friedrich-Wilhelm Bach
University of Hanover
Institute of Material Science
Federal Republic of Germany

Abstract:

The primary circuit structures of different nuclear powerplants
are constructed out of stainless steels, ferritic steels, plated
ferritic steels and alloys of aluminium,

According to the level of the specific radiation of these struc-
tures, it is necessary for dismantling to work with remote con-
trolled cutting technigques. The most successful way to protect
the working crew against exposure of radiation 1is to operate
underwater in different depths.

The following thermal cutting processes are more or less
developed to work under water:

For ferritic steels only
- flame cutting.

For ferritic steels, stainless steels, cladded steels and
aluminium alloys

- oxy-arc-cutting

- arc-waterjet-cutting with a consumable electrode
- arc-saw-cutting

- plasma-arc-cutting and

- plasma-arc-saw.

The flame cutting is a burning process, all the other processes
are melt-cutting processes.

To cut higher wall thicknesses of stainless steel plated ferritic
steel up to 100 mm, the combination of arc-waterjet-flame-cutting
and plasma-arc-flame-cutting 1is possible, but up to now not
really developed.

This paper explains the different techniques, giving a short
introduction of the theory, a discussion of the ©possibilities
with the advantages and disadvantages of these processes giving a
view into the further research work on this interesting field.

1. Flame cutting:

Theory:

The flame cutting technique uses a torch assembly carrying a
flowing mixture of fuel gas and oxygen which is ignited at the
nozzle of the torch. After reaching the ignition temperature of
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the metal (about 800°C) by preheating flames, the main oxygen jet
is turned on and the heated metal is burned away.

Up to a water depth of 7 m, the fuel gas can be acetylene. Danger
is given when the pressure increases - acetylene can explode. The
flame cutting process is limited to cut ferrous metals like mild
steel. This depends on the physical limits: the melting tem-
perature of the material must be lower than the ignition tem-
perature, the melting point of the oxides must be lower than the
melting point of the material, the burning process has to be
exothermic.

In a higher water depth only pressure resistant fuel gases like
hydrogen or MAPP are possible.

Advantages and limits:

The advantages of this process are:

- a well known technique (from cutting in atmosphere), but it is
neccessary to adapt a special nozzle chamber to build up a dry
atmosphere,

- the high cutting speed rate,

- small kerf,

- high cutting thickness and

- life time of the torch.

The results are similar to cutting in atmosphere.

The disadvantages are only the limitation to cut ferrous metals
like mild steel and a relatively accurate setting of the distance
nozzle -~ workpiece. In relationship to the plasma arc-cutting
techniques there is a higher secundary waste by ferritic oxides.

2. Oxy-arc-cutting:

Theory:

The oxy-arc-cutting works with a hollow stick electrode, covered
by plastics, and an oxygen-jet. After touching the material, an
arc is established, the material melts and the kinetic energy of
the oxygen-jet throws out the material and forms a kerf. It |is
important to fix an angle of about 60 degrees to the workpiece
for a proper process. The stick electrode is a consumable elec-
trode.

Report:

Thermal cutting processes which are useful for dismantling
techniques are divided in two parts, depending on the input of
energy:

- Flame processes
- Arc processes
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THERMAL CUTTING - OVERVIEW

|[THERMAL CUTTING |
— FLAME PROCESSES]

[iFIame cutting
Oxygen lance cutting

“— ARC PROCESSES]

Oxyarc cutting
Arcsaw cutting

Arc waterjet cutting
Plasmaarc cutting
Plasmasaw cutting

Figure 1: Thermal cutting technigues

Advantages and limits:

The advantages of this process are:

A simple and cheap process, excellent for gouching, no influence
of water depth.

The disadvantages are:
A discontinuous process, the electrode has to be changed after
burning, a high secundary waste. It is necessary to develop this

process as a remote controlled process.

Arc-saw-cutting:

Theory:

The arc saw is developed in the USA and in Japan. It is a cir-
cular, toothless metallic blade which can be used to cut any con-
ducting metal without contacting the workpiece. The blade rota-
tion (300-1800 rev/min) assists the cooling of the blade and the
removal of the molten metal from the kerf of the cutting zone.

The cutting action is obtained by means of a high current elec-
tric arc between the rotating blade and the material being cut.
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Radial Support Arm
Horizontal Drive Rod
Blade

Pivot Shaft

Hydraulic Drive Motor
High Amperage Commutator
Power Supply

Hydraulic Drive Line
Radial Carriage

WOV W

Figure 2: Arc saw-schematic view

ARC SAW
CUTTING PARAMETERS

SUPPLY UNIT diam. [hnm] 178 305 406
SAW BLADE diam. [hnm] 762 1270 1829
max. cutting thickness [mm] 229 381 762
max. current [A] 6000 15000 25000
voltage vl 25 25 25
weight [kgl 181 530 1238

Figure 3: Arc saw - cutting results
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Advantages and limits:

The advantages of this process are:

- cutting of high wall thicknesses ( 1/3 of diameter of the
blade) with high speed, small kerf and the possibility of cut-
ting tubes.

The disadvantages are:

- the heavy weight, the high pretensions to the remote controlled
system, the high costs and to cut only in one direction, Up to
now there is the problem for cutting underwater that the blade
can get stuck in the kerf by particles.

Arc-waterjet-cutting:

Theory:

The arc-waterjet-cutting or consumable electrode cutting with
waterjet works with a consumable copper covered steel or stain-
less steel electrode and a surrounding waterjet. The electrode
wire touches the material and starts an arc. The electrode and
the material melt. The water jet (10-20 bar) removes the molten
material and a kerf is formed. It is a continuous short circuit
process,

Advantages and limits:

The advantages of this process are:

- the torch is relatively simple,
- builds small,

- high cutting speed,

- small kerf,

- high wall thickness,

- no influence of water depth.

The process allows whole piercing and gauching and to cut tubes
and bundles of tubes.

The disadvantage is, that the material of the consumable elec-
trodes gets into secundary waste. Up to now there has been some
research work to do, to exclude damages by bypass arcs and to
increase the maximum of wall thickness.

Plasma-arc-cutting:
Theory:

A gas which 1is dissociated and ionized is called plasma. To
transfer a gas into this high energetic level, it is given into
an electric arc and constricted by the magnetic and thermal pinch
effects. The plasma gas, which leaves the nozzle has a tem-
perature of about 8000 ©C., It touches the material surface and
transfers the energy by recombination. The high kinetic energy
blows the molten material away. For cutting only transferred arcs
are possible.
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The today given maximum of wall thickness
is about 100 mm stainless steel
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Figure 7: Plasma arc cutting
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Advantages and limits:

The advantages of this process are:

- high speed rate,

- small kerfs,

- excellent feasibility of remote operation,
-~ high life time of electrodes and nozzles,
- few secundary waste.

The disadvantage is the decreasing wall thickness by increasing
water depth.

Plasma .arc-saw:

The plasma arc-saw-prototype is a result of a research work spon-
sored by the German government. The idea was to build plasma
torches which are smaller than the cut kerf - we called them,
diving torches.

Electrode support
Electrode

Nozzle support
Isolation

Nozzle

Figure 8: Plasma saw - schematic [2]

Twelve special developed plasma torches are fixed on the
periphery of a rotating blade. The direction of the plasma-jets
changes from one torch to the other with an angle of about 30°.
It is possible to cut a kerf of about 14 mm, while the thickness
of the blade is about 10 mm. The blade rotates about one to three
times per minute.

Today it 1is possible to cut steel constructions up to 300 mm
thickness.

It is also possible to cut tubes and bundle tubes.
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The advantage of this technique is:

The wall thickness depends like the arc saw only on the diameter
of the blade, excellent feasibility of remote controlled oper-
ation, low secundary waste depending of low energy input, pos-
sibility to cut kerfs without cutting through the material.

The disadvantage is that up to now the plasma arc saw works only
in the gravity position. Vertical cutting may be possible with
further development.

Conclusions:

1. Knowing the state of the art and add some developments it 1is
possible today to solve a lot of problems of dismantling by
thermal cutting processes.

Therefore it is necessary to have a qualified remote control,
optical and electrical sensor systems and technigques to col-
lect and filter the effluents in the atmosphere and in water.

2, For higher wall thicknesses than given in this report, depen-
ding on the physics, the different torches have to be de-
veloped further.

3. A way for the future is to combine different systems - such as
stainless steel plated ferritic steel - the plasma arc and
flame cutting systems; (Figure 9), the arc-water-jet-flame
cutting (Figure 10) as  well as to combine thermal and
mechanical cutting processes.
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