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SITE RESTORATION

Background and Objectives

The department "Site Restoration" is entrusted with
the decommissioning activities of SCK«CEN's own
installations and the waste management. The main
objective is to participate in delivering a clean and
safe environment to the next generations and this in
the most economical way. To meet this main goal, we
develop technologies and procedures for decommis-
sioning, decontamination and waste minimisation, in
such a way that the dose uptake and the overall costs
are minimised. Our purpose is to protect man and
environment from the potential hazards related to
contaminated sites and radioactive waste and this
starts by preventing and reducing the waste produc-
tion during the entire lifetime of any nuclear installa-
tion i.e. from design through operation and decom-
missioning. We advise and help international bodies
in the field of decommissioning and the related waste
management. We also provide training and educa-
tion. We valorise the built up know-how around
decommissioning and waste management by collab-
orating with the industry and by transferring the
acquired know-how to the nuclear industry.

Programme

The Site Restoration programme turns on three main

sub-programmes i.e. clean-up activities of our own
contaminated sites, valorisation of our clean-up
expertise by consulting activities for third parties and
last but not least, development of new processes to
treat and minimise waste.

The clean-up activities at SCK«CBN are mainly
focused on the decommissioning of the BR3 reactor,
a small PWR plant, started in 1962 and shutdown in
1987. We started the project with a full system
decontamination of the primary loop followed by the
remote underwater dismantling of all the reactor
internals. In 1999-2000, we dismantled the reactor
pressure vessel, using the experience and tools devel-
oped during the former phases of the project. In par-
allel with these operations, the dismantling and
decontamination of auxiliary loops and components
started and complete routes for the handling and
evacuation of arising materials were set up. This
year, we tackled the primary loop including the large
associated components (steam generator, pressuriser,
pumps, etc.). We also cleaned and dismantled some
glove boxes and hot-cells in laboratory buildings, we
managed the decommissioning programme and
worked out solutions for the back-end of spent fuels.

The valorisation sub-programme concerns two topics
i.e. continuation and reinforcement of the presence of
SCK«CEN in international organisations and expert
teams and improvement of the collaboration with
industry.

We are continuing our research related to the devel-
opment of new processes for the reprocessing of
nuclear fuels, the treatment of tritiated solvents, the
oxidation of alkali metals, the oxidation of organic
waste through Ag2+ and the reconditioning of bitu-
minised waste products. We launched a new project
on the decontamination of liquid waste using biosor-
bents.

Achievements

SCK»CEN's own needs

Clean-up activities

Decommissioning of the BR3 (PWR)

We dismantled all the pipings and auxiliary equip-
ment situated in the containment building under the
operating deck. This operation was required to allow
the handling and the dismantling of the large compo-
nents such as the steam generator, the pressuriser and
some liquid waste tanks. The decommissioning strat-
egy of the steam generator and of the pressuriser also
required to perform large openings in the thick heavy
concrete pool wall and operating deck.

We carefully prepared the operation from the point of
view of classical and radiological safety. A detailed
ALARA (As Low As Reasonably Achievable) analy-
sis supported by the use of the SCK»CEN's Visiplan
software, allowed determining the optimum disman-
tling strategy. After the removal of some hot spots,
we dismantled mainly the pipings, the pumps, the
small tanks, the beams and supports as well as the
electrical cables and the instrumentation. We cut the
metallic pipes using mainly grinders and an oxy-
acetylene torch for the steam pipes, a portable band
saw for pipes of 2" to 4" and a lathe pipe cutter for
the 12" and 16" primary pipes.

We installed adequate scaffoldings and a new mono-
rail for the handling of the heavy pieces. After a lim-
ited on-site dismantling, we sorted and size reduced
the pieces in function of the selected evacuation
route. We performed the size reduction partly on site
using mainly an industrial band saw for small pieces
and a large remote controlled band saw for primary
pipes. We performed the size reduction using .
grinders, thermal cutting or circular saws in a con-

fined and ventilated mechanical cutting workshop.

Scientific Staff

JOHAN BRACT,

AIME BRUGGEMAN.

ERIC CANTREL.

RENE CORNEUSSEN.

JEROME DADOUMONT.

YVES DEMEULEMEESTER.

Luc DENISSEN,

OLIVIER EMOND,

ALFONS FOXTEYNE,

SVEN HARNIE.

HARUTAKA Hosm,

NATHALIE IMPENS,

MICHEL KLEIN.

VINCENT MASSAUT,

JO/EF MARIEX,

PATRICK MARIS.

NADIA MESSAOUDI,

Luc NOYNAERT,

Luc OOMS,

BENOJT PETITFOUR,

CHARLES PLATEAU,

MATHIEU PONNET.

ANDRE. RAHIER,

JAN SWINNEN,

VEERLE VAN ALSENOY,

WlNAND VAN DEN RUL.

JEAN VANHEES,

PIERRE VALENDUC,

LILIANE Vos

Supporting Staff

ERIC AEGTEN.

GERARD CASTELUNS.

PETER CLAES,

GERT CURINCKX,

JOHAN DE COCK,

PAUL DE CRAECKER,

STEFAN DEKELVER,

DANNY GEERINCKX,

BART GILKSEN,

ANJA HAESEN,

VICTOR HELSEN,

MARCO MEI,

HENRI-ROSE MEYNEN,

ROGER MOELANS,

ROGER Nus,

JAN NUYTS,

JOANNES POUDERS,

DIRK QUIRUNEN,

JAN RUTS,

SALLY SCHRAEYEN,

JOHN SEGHERS,

WILFRIED SMOLDERS,

Radioactive Waste and Clean-up 73



E-iRir SNOI-CKX,

R K N I ; VAN S\vi;i-.vi-:i.i'.

ROMNI VAN BAI-:L,

JOHAN V A N LAI-:R.

SYT.N VAMM-KBIKSHN,

KouiiRT VANDKVUOKIM-: .

TOM VKKNHU-.X.

TOM Vi-:RSTAITt:N.

V'HRA VTRSTRAKI.KN,

RnGHR VvT:V nl-NS.

BI-:N Wi vrs.

l l K N R I DAVAIN {BKI CAl'OM)

Of the 37 tons of materials wo produced, most part is

chemically decontaminated in the MEDOC (Metal

Decontamination by Oxidation with Cerium) instal-

lation (30 %), or by abrasives in the ZOE (sandblast-

ing workshop at BR3) and Belgoprocess workshops

(20 %) or by manual washing or polishing (8 %).

25 % of the material wil l be recycled in a nuclear

melting facil i ty. Only 13 % of the dismantled materi-

als w i l l be evacuated as radioactive waste.

After the dismantl ing of the pipings and auxiliary

equipment under the operating deck, we created

large openings in the heavy concrete pool wall for

the transfer of the steam generator and the pressuris-

er (see figure below). The floor of the operating deck

is contaminated and we knew, by previous sampling

measurements and modelling that the pool wall ,

which is situated along the refuelling pool, is partly-

activated. Af ter instal lat ion of a ventilated contain-

ment, we first scabbled the floor of the operating

deck. Secondly, we dril led core holes at strategic

locations of the concrete structure so that the dia-

mond wire could be fed through. Thirdly, we fixed

anchorages in the blocks to support them (luring the

cut and the further handling operations. After the

installation of the diamond wire to form a complete

loop with the drive uni t , we cut the operating deck

floor w i t h a diamond cable in pieces that could be

easily transferred in to a ventilated containment

placed in a low background area. There we further

decontaminated 76 ton of concrete blocks using dia-

mond shaving techniques. All the contaminated cut

blocks could be decontaminated, cleared and evacu-

ated for recycling in the construction industry. Even

if the concrete yard remains a qui te dirty one, we

succeeded to avoid air contaminat ion and to min-

imise the waste production by recycling the cooling

water and by recovering and drying the sludge. The

remote operated jackhammer, used for demolition of

the activated blocks, is a very efficient tool but it is

not so easy to control the removal depth.

The next phase in the BR3 decommissioning project

concerns the dismantling ot components with a very

complex geometry and/or w i t h an important thick-

ness (i.e. the steam generator, the pressuriser, the two

primary pump housings, the reactor pressure vessel

cover and bottom head and the neutron shield tank

that surrounds the reactor pressure vessel). These

part iculari t ies required to use a flexible cutt ing tech-

nique (able to cut from 20 mm thickness up to

160 mm) associated with an agile deployment tool

able to follow complex 3D trajectories. Moreover,

both systems must be able to work remotely and

underwater to minimise radiological exposure and

contamination spreading.

As cut t ing technique. High Pressure Water Jet

Cutting (HPWJC) was selected and tested. Water

under very high pressure (400 .VlPa) is injected in the

cutt ing head through a very t h i n hole (0.41 mm) at

about 4.3 dnv/minute. The supersonic speed allows

the system, through a Venturi process, to suck abra-

sive into the mix ing chamber of the head. The abra-

sive flow rate is about 500 g/minute. Abrasive and

water arc then both projected to the piece to be cut.

As deployment system, a hydraul ic teleoperated arm

with 6 degrees of freedom and a pay load of 1 000 N,

was ordered and buil t in the year 2000. So the arm is

able to hold the cut t ing tool but is also potent ia l ly

able to man ipu la te the cut pieces (see figure below).

In 2001. both systems were integrated and extensive-

ly tested. The most important part of the work was to

make both systems work together. As the cutting

technique requires a very stable and smooth motion

of the head at a speed of a few mm/min, the arm was

programmed to learn and make lines on a sheet of

View of the diamond cubic sawing device and of the opening in the biological shield floo.
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paper using a common pencil. This gave the oppor-

tunity to visually identify problems in the joins of the

teleoperated arm. Hardware and software modifica-

tions were needed in order to cope with the require-

ments of the cutting technique. The most difficult
problem was to combine the smoothness of the tra-

jectory with the very low speed.

Concerning the cutting technique (HPWJC), in the

past we organised tests on an industrial installation

(see figure below) in order to check the ability of the

techniques for all the operations (thickness from

20 mm up to 160 mm). During these tests, an X-Y

table controlled the displacement of the cutting head
above the workpiece. The workpieces are clamped

on a table just above a water tank that collects the
water and the abrasive. The high stiffness of the X-Y

table allowed to focus the tests on the cutting param-

eters i.e.: the abrasives flow rate that determines the

total generated secondary waste volume and the cut-

ting speed that determines the time required and the
generated secondary waste volume. These tests

occurred in ideal conditions (good stiffness of the
table, no underwater cut, good control of the distance
between the cutting head and the piece...).

The teleoperated deployment system

The complete equipment was delivered in September

2001. We first tested the performances on simple

shaped pieces first in the air and then underwater in

a large test tank (24 m3) allowing to test the complete
system totally immersed. The tank walls were shield-

ed to avoid any accidental cutting of the walls. Two

circulating loops allowed the purification of the
water.

View of the non active tests of the High Pressure
Water Jet Cutting

In general, the performances obtained were lower

than the results obtained in ideal conditions. In addi-

tion, some more abrasive was required. As a com-

bined effect, the total amount of abrasive will be
higher than foreseen. We are now working to

improve the technique to meet our initial cutting per-

formances in the total range of thickness.

The whole operation will generate some tons of abra-
sive. As this abrasive will contain activated particles,

it must be evacuated into drums as low-level waste.
The abrasive must be dry. On the other hand, con-

taminated water can be evacuated as long as it does

not contain too much particles. Both aspects led to

the development and the building of a first purifica-

tion loop based on hydrocyclones. This loop sepa-

rates water and abrasives in a very economical way
(no filtration media required). The particle size dis-
tribution of the worn out abrasive and metallic parti-

cles was determined. The results showed that it

would be possible to separate about 97 % of the par-
ticles using a hydrocyclone able to separate particles

bigger than 38 urn. This led to the selection of small

hydrocyclones having a nominal diameter of 4 inch-

es. In order to have a filtering flow rate higher than

20 m'/hour, 3 systems are connected in parallel. The
picture of the BR3 testing facility (see below) shows

the hydrocyclone filtration installation. The testing

facility has a second filtration facility for the fine
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View of the BK3 cold text facility with in front the hydrocyclone filtration system

particles (not on the picture). A 6 m-'Vhoiir volumetric

pump can flush dirty water trough a filtering car-

tridge. The optimal cartridge wil l be defined in the

near future. Both filtration loops are instrumented in

order to evaluate the efficiency of the selected

parameters.

The decommissioning act iv i t ies in the facilities other

than the BR3 mainly concerned the dismantl ing

and/or decontamination of hot cells and glove boxes.

We succeeded in the decontamination of the inside

walls of the hot cell 41 from our Laboratory for High

and Medium Level Activi ty where, in the past, spent

fuel was dissolved. This hot-cell is now ready for

refurbishment and then for further R&D work.

A separately ventilated a-chamber has been con-

structed in the alpha-working zone of the CBZ

(Central Buffer Zone). This a-chamber comprises a

working room, a material lock and a personnel lock.

The main purpose of this a-chamber is to provide a

safe space for the dismantling of a-contaminated

glove boxes and cells. During the first semester of

2001, we obtained the operating licence. The

a-chamber is now ful ly operational and some glove

boxes were already dismantled.

Management of spent fuel

The management of spent fuel is focused on the

back-end of the spent fuel coming from the BR2 and

the BR3 reactors. 204 spent fuel elements were sent

to Cogema for processing. We prepared the BR3

spent fuel and other experimental fuel with similar

enrichment in uranium and p lu ton ium and s imilar

geometries for dry storage. The CASTOR© storage

containers were manufactured in Germany and are

currently awaiting the license as type B(U)F contain-

ers before shipment to Belgium.

Management of the flow of dismantled materials

We take the necessary steps to obtain in 2002 the

ISO9002 certification to guarantee under a QA-sys-

tem the traceabili ty of all the materials from the dis-

mantling up to the final evacuation from the BR3

site. We minimise the evacuation as radioactive

waste by the development and the extensive use of

two alternative routes i.e. the recycling route (reuse

of the materials inside the nuclear industry) and the

clearance route (unconditional reuse in the industrial

market or evacuation as industrial waste).

External view of the ct-chamber with from left to right: waste trans-
fer lock; workers lock; lock for glove boxes and cells

Dismantling of a glove box in the ventilated a-chamber of the CBZ
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Treatment in a nuclear melting facility for Clearance

or for Recycling

Currently, two manners to recycle material from

decommissioning activities are being used. Both are

based on the smelting of metallic material in spe-

cialised foundries. One foundry can accept very

slightly contaminated metals, which can be cleared

after a decay period of maximum 20 years. The other

foundry accepts slightly contaminated metals (aver-

age of 74 Bq/g) for reuse of the melt in the nuclear

industry (fabrication of shielding blocks). Both

routes were already used in the past and more mate-

rials are currently prepared for shipment.

Clearance route

The procedures and techniques previously used are

still acceptable after publication of the new Royal

Decree, which defines clearance levels for materials.

We routinely use two main procedures:

s double measurement of 100 % of the surface with

6 monitors for simple geometry measurements;

s§ for pieces of complex geometry, we combine the

measurement of small batches of materials (1/10

of a 200 1 drum) with a gross plastic scintillation

gamma counter (ESM-CCM system) followed by

a global measurement on a 200 1 drum basis with

a HPGe Q2 Canberra monitor.

In 2001, 15 ton of metals were evacuated to a local

scrap dealer. A variety of methods and processes is

used to decontaminate metals i.e. manual treatment,

abrasive decontamination and chemical decontami-

nation.

6 tons of metals were reprocessed to free release lev-

els using the washing, polishing or ultrasonic clean-

ing. It is worthwhile mentioning that the main steam

pipes that were internally clean had to be polished

partly on the outside due to local recontamination

during the dismantling works.

Painted and rusted heavy beams were decontaminat-

ed in the ZOE wet abrasive unit. We treated 12 ton of

which roughly 90 % were cleared. The remaining

] 0 % were released after melting. 3,5 ton of smaller

pieces were cut and put in 200 1 drums for treatment

in the automatic dry sand blasting unit at

Belgoprocess. The ZOE unit was also used to treat 4

ton of lead bricks and plates from the dismantled

installations of BR1 and BR3.

With the MEDOC process, the stainless steel pieces

from the dismantling of the primary (see figure

below) and auxiliary loops were chemically decon-

taminated. We treated 7 ton of materials so that up to

now 21 ton has been successfully treated with this

process. Generally, 80 % of the materials can be

cleared. The remaining 20 % have a low residual

activity and are evacuated through melting for clear-

ance route.

Primary pipe after decontamination by the MEDOC process below the clearance
limits

In 2001, we adapted the chemical process to allow

also the treatment of carbon steel pieces. The major

issue when using an aggressive acid process is the

control of the H2 production and the associated

explosive hazards. The operating parameters were

determined by laboratory experiments. Before using

the full capacity of the MEDOC installation, tests

were done with increasing quantities (surfaces) in the

installation. This allowed checking the operating

parameters, the H2 production and the safety sys-

tems. The decontamination was performed with

0.5 M sulphuric acid (without Cerium) at room tem-

perature and using the ultrasonic transducers. The

corrosion rate is between 20 to 25 um/h and the H2

concentration in the off-gases remains lower than

20 % of the LEL (Lower Explosive Limit or 4 % H,

in air). The installation started industrial operation in

October and 5 ton were already treated.

We analysed in detail the decommissioning strategy

for the steam generator and the pressuriser. The

steam generator represents a mass of 30 ton with a

large contaminated surface of 600 m2. The pressuris-

er represents a mass of 20 ton and a surface of 20 m2.

We compared 3 evacuation scenarios:

1. the tube bundle is evacuated as radioactive waste

and the rest will be melted for clearance or recy-

cling;
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2. same scenario but ihe tube bundle can be evacuat-

ed to melting for recycling;

3. after decontamination with the MEDOC process

all the materials can be cleared directly or after

melt ing.

The first scenario is the most expensive while the

two others are of the same order of magnitude. We

decided to perform the decontamination using the

MEDOC process because it will minimise the

radioactive waste volume and it w i l l demonstrate that

the MEDOC process can be applied on a large sys-

tem. The procedures and modifications to the instal-

lation have been finished and the operation is fore-

seen in 2002. As the capacity of SCK-CEN's

MEDOC installation is limited, we will treat the

steam generator by 30 successive cycles of deconta-

mination and regeneration in an horizontal position

above the refuelling pool (see figure below).

MKDOC

Flow sheet of the decontamination of the steam generator using the MEDOC
installation

Management of decommissioning projects

We adapted our Decommissioning Management Tool

(DEMATO) in order to use the standardised list of

items for costing purposes proposed by the

International Atomic Energy Agency, the Nuclear

Energy Agency and the European Commission. We

analysed the bookkeeping of 13 years SCK-CEN's

decommissioning experience to make a follow-up of

our decommissioning programme according to this

standard l is t of items.

According to the Belgian laws, we revised the in i t ia l

decommissioning plan of SCK-CEN's technical lia-

bilities. We took into account the new free release

levels listed in the royal decree of 2001-08-30.

We drew up the first revision of the official guide-

lines concerning the management of radioactive

waste at SCK-CEN This edition comprised a finan-

cial, instructive and technical part. We paid special

attention to waste minimisat ion possibilities such as

decontamination, recycling and free release and also

to the latest waste specifications (physical, chemical

and radiological).

External consultancy and services

Our department is participating in various activities

and expert groups wi th in OECD/NEA, IAEA and the

European Commission. These are the most important

bodies with whom we have collaboration agreements

or contracts. We had also some collaboration work

with a US official body (US nat ional academies) and

wi th NATO.

OECDINEA

We are involved, for more than ten years now, in the

Co-operative Agreement on Decommissioning

(CPD) of NEA. The 3 I s1 meeting of the most active-

group of this agreement, the Technical Advisory

Group (TAG) took place at SCK-CEN in November

2001. This group assembles the most important

decommissioning projects throughout the world: at

present 39 projects from 14 countries are represent-

ed.

OECD/NEA launched also, in 2001, a new group of

people interested in decommissioning, with a broad-

er audience than CPD (i.e. not inc luding only proj-

ects, but also regulatory bodies, owners, financial

stakeholders and industry), called the Working Party

on Decommissioning and Decontamination

(WPPD). The main purpose of this group is to tackle

important decommissioning and decontamination

issues and to look at international positions on these

issues. SCK-CEN is part of WPDD, but also of its

"core group", when co-ordination of WPDD works

and preparation of plenary meetings are discussed.

SCK-CEN is also a member of the dedicated group

on "strategies and cost of decommissioning" recent-

ly set up by OECD/NEA. The main goal is here to

have a broad international overview of the decom-

missioning costs of nuclear power plants.

SCK'CEN participates formally years in expert mis-

sions to specific countries and in expert groups set up
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to produce TECHnical DOCuments (TECDOC)

under IAEA cover. We also participated in CRP (Co-
ordinated Research Programme) and TC (Technical

Committee) on the subjects of Decommissioning,

Decontamination and Waste Management.

The main expert missions in 2001 concerned the

analysis of the decommissioning plan and the cost

estimates of Ignalina Nuclear Power Plant (NPP) in

Lithuania, and of Chernobyl 1,2, 3 NPPs in Ukraine.

Another expert mission concerns a first advice on the

decommissioning of a research reactor (Vinca) in
Yugoslavia.

We also carried out training and education activities

in decommissioning. After participating, as lecturer,

in the interregional training course on decommis-

sioning organised in Argonne (USA) in 2000, we

propose such a course at SCK-CEN in 2002.

Moreover, trainees from Argentina got at BR3 for a
3-month training course supported by an IAEA fel-

lowship programme. We received an informal

request from Romania for a similar training activity,
in view of the decommissioning of the Magurele

reactor.

We organised the IAEA-3"1 Research Co-ordination

Meeting concerning "Combined Methods of Liquid

Radioactive Waste Treatment". This meeting was
joined by 15 participants from 12 countries.

European Commission

The funding of RTD (Research and Technical

Development) within the 5 years framework pro-

gramme (FP5) of EC has been reduced dramatically
in the decommissioning domain. Funding was main-

ly focused on databases management and networking

activities. But training and education were also taken

into account as part of the overall objectives of FP5.
Within FP5, we contribute to three projects:

g EC-DB-NET2: This project deals mainly with the
management of the EC database on Tools and

Costs for decommissioning and with the set up

and maintenance of the EU website on decom-
missioning. SCK'CEN is mainly involved in the

building, maintenance and hosting of this website

(http://www.eu-decom.be/). A new version of the

site, renewed and refurbished, will be launched at

the end of 2001, with an improved presentation
and access to project reports from former frame-

work programmes.

s IRDIT (Innovative Remote Dismantling
Techniques): This is probably one of the few proj-

ects still dealing with technical developments. In

partnership with EWN-Greifswaldd (Germany)

we deal with developments, testing and use of

innovative remote techniques for dismantling
highly radioactive pieces. SCK-CEN specific

contribution concerns the use of HPWJCA (High
Pressure Water Jet Cutting with Abrasives), with

tele-robotic arm deployment system, used for the

remote dismantling of the pressure vessel bottom

and head, of the steam generator and of the neu-

tron shield tank. The progress in this area is

described above.

a EUNDETRAF (EUropean Nuclear DEcommis-

sioning TRAining Facility): This very broad

international partnership project was only
launched end 2001 and will extend to the years

2002 and 2003. The project concerns the theoret-

ical and practical training in decommissioning

nuclear facilities. The broad partnership allows an
actual practical know-how being gathered from

the most important European decommissioning

projects.

Within FP5, the Thematic Network on

Decommissioning (TND) was launched. We partici-

pated in the first general meeting of this network, but
our official involvement in the network is still pend-

ing regarding the potential double role of this net-

work with other international groups and already

existing networks (within OECD and IAEA).

The EC Directorate General in charge of the Joint

Research Centre (JRC) started a comprehensive pro-
gramme for Decommissioning and Waste

Management of their nuclear liabilities in 1999. The

EC then set up an expert committee to advise them
on the strategy and programme. The SCK-CEN has a

representative, working as independent expert, with-

in this committee.

Finally, we are partner in a contract for setting up a
general "Methodology for cost estimate of decom-

missioning nuclear facilities". The call for bid was

originally issued by the EC Directorate General
Environment, and is presently followed up by the

DG Transport and Energy. The project is carried out

with EdF (main contractor), Framatome and Vuje

(Slovakia). At the end of 2001 a comprehensive final
report, publicly available, will be issued.

Other institutions

We participated in an ad-hoc committee from the US

Academies, on the "Long Term Research Needs for

Decommissioning at the Department of Energy". The

final report of this Committee was issued in

September 2001, under the title "Research opportu-
nities for Deactivating and Decommissioning
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Department of Energy Facilities". We were also

involved in the NATO Advanced Researched

Workshop on Decommissioning and Dismantling of

facil i t ies of the nuclear fuel cycle in Obninsk,

(Russian Federation). The NATO Scientific Affairs

program encourages interaction and dialog among

scientists and engineers to foster development in four

priority areas: disarmament technologies, environ-

mental security, high technology, and science and

technology policy. The activities of the NATO

Science Committee enhance science and technology

by facil i tating international scientific co-operation.

We organised the second meeting of the Waste

Management Subgroup (WMSG) in the framework

of the European Atomic Energy Society (EAES). 14

nominated delegates from 13 countries attended the

meeting. Main actions for the coming years wi l l be

the definition of common solutions for research of

spent fuel and spent sealed sources. For this purpose,

we designed a database to centralise all data required

to identify possible solutions.

Various external contracts were signed and carried

out either through existing industrial partnership or

by direct external market approach e.g.:

s; the preparation and testing of processes, for the

clean-up of the UKAEA Dounreay pond, in

Scotland, as subcontractor to Framatome;

s- the participation in the assessment of the first

decommissioning plan of the Kozloduy NPP in

Bulgaria, as subcontractor to Belgatom: here, our

work focused mainly on the analysis of deconta-

mination'options and procedures, for decontami-

nation before dismantling (full system) and after

dismantling (handling of dismantled materials);

e the transfer of dismantling data for CRIEPI,

Japan, in partnership with BELGONUCLEAIRE:

this involved mainly the collection, analysis and

reporting of data from the decommissioning of

the BR3 reactor pressure vessel. CRIEPI is main-

ly interested in data needed for studying the envi-

ronmental impact assessment of decommission-

ing activities. Negotiations are in progress for a

follow-up of this contract, for data generated dur-

ing the (future) use of the High Pressure Water Jet

Cutting with Abrasives;

s the assessment of the cost estimates issued for the

Tihange 1 NPP plant in Belgium: this study was

done at the request of the Control Committee of

Gas and Electricity, and of the utility Electrabel;

« the review and the evaluation of the methodology

used by NECSA (Nuclear Energy Corporation of

South Africa) for assessing their nuclear liabili-

ties: this activity is the continuation of our previ-

ous involvement as member of the peer review

committee. The main objective was to check the

implementation of the recommendations of the

peer review committee.

We should mention that SCK-CEN developed a 3D

ALARA planning tool "Visiplan"; it was sold to dif-

ferent customers in Italy. France, Switzerland.

Developments are made in collaboration wi th

Tractebel (Visimodeller) and Krypton to improve the

software input and output data. Specific develop-

ments are also going on through EC funded projects

from FP5.

Development of new processes

Processes related to nuclear fuel

For several years, the Japanese IRI (Institute of

Research and Innovat ion) has been involved in the

development of an advanced ion-exchange process

for the reprocessing of spent nuclear fuels, including

waste partitioning. This advanced reprocessing

process consists of anion-exchange chromatography

as main separation method, electrolytic reduction for

reducing U(VI) to U(IV) and extraction chromatog-

raphy for the isolation of MA (Minor Actinides).

Compared to the Purex process its use of organic sol-

vents is minimal, it generates less waste and it uses

less and more compact equipment.

In a nitric acid solution, U and Pu are adsorbed on

anion-exchange resins as they form anionic nitrato-

complexes. while many FP (Fission Products) and

MA such as Am and Cm mostly exist as cations and

show no or very weak adsorption. For separating U

and Pu from FP and MA in a nitric acid solution of

spent fuel, IRI has manufactured a new type of anion

exchanger, AR-01. Within the framework of previous

contracts with IRI, we studied and'demonstrated the

separation behaviour of AR-01 for the recovery and

purification of Pu and U from simulated and real

spent fuel solutions. 1 M HCOOH allowed a rapid

elution of Pu(IV) in one sharp peak. While U was

satisfactorily separated from most of the FP and MA,

some weakly adsorptive FP such as Zr, Nb and Ru

appeared in the U(VI) elution fraction. Therefore IRI

proposed a further purification of U on the AR-01

after the reduction of UO2
2+ (uranyl ion) to U4* (ura-

nous ion) as in nitric acid solution the latter is more

strongly adsorbed onto the anion exchanger.
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The next phase in SCK«CEN's testing and demon-
stration, on demand of IRI, was the separation of U

from MA and FP. An important step in this phase of

investigation is the reduction of U(VI) to U(IV) with

an electrolytic cell designed by IRI. Within the
framework of a fourth contract with IRI we carried

out these new experiments during 2001, in collabo-

ration with NCS (Nuclear Chemistry and Services)
and RMO (Reactor Materials Research). The objec-

tive was to provide IRI with further experimental

data concerning the chemical separation of spent fuel

on the AR-01 resin, to better assess its potential for
integration in a reprocessing plant.

The separation methodology applied during the sep-

aration tests with the spent fuel solutions was defined

by IRI. The experimental set up (see figure below)

essentially comprises two jacketed glass columns
filled with the AR-01 resin, a feed pump with a pres-

sure gauge, a new flow type electrolytic cell with a

potentiostatic DC (Direct Current) source, a double

peristaltic pump that feeds both the working and the
counter electrode circuit, a fiber optic spectroscopy

system with measuring flow cells and the necessary

tubing and valves. After preliminary experiments we

installed this equipment in and around the hot-cell at
SCK-CEN's LHMA (Laboratory for High and

Medium-level Activity). The installation and the

experiments were carried out according to approved

procedures.

For the separation experiment, we used a 6 M HN03

solution of real spent fuel with a U concentration of

about 0.7 M. A first column separation was very sim-
ilar to the ones carried out in the past. Afterwards we

collected the U-fractions, adjusted the NO3- concen-
tration, added hydrazine and fed the U-mix to the

electrolytic cell. A separation on the second column
followed the reduction. The separations on the AR-

01 columns were carried out at ambient temperature.

We performed the electrolytic reduction in the flow

cell at -300 mV versus an Ag/AgCl reference elec-
trode. NCS determined the composition and the ele-

mental concentration of the different feeds and efflu-
ent fractions using ICP-MS (Inductively Coupled

Plasma - Mass Spectrometry) and radiochemical
measurements, after appropriate dilution.

The column separation 1 confirmed the results of last

year. The anion exchange resin AR-01 allowed to

separate U and Pu effectively from the majority of

the FP and MA. But the eluted U(VI) needed further

purification because it was still contaminated with
weakly adsorptive FP such as Ag, Nb, Zr and Ru.

Pu(IV) was eluted by diluted HCOOH and success-

Separation test on a spent fuel solution

fully separated from U and FP. But apparently the

adjustment of the Pu valence (by adding NaNO,

before the separation) was somewhat less successful

than last year and a small amount of Pu(VI) co-elut-

ed with U(VI). Np was partly eluted with U(VI),

probably as Np(V) and Np(VI). The remainder was
eluted with Pu(IV), probably as Np(IV). Pd and Tc

remained on the column.

With a view to further purification, we fed the U(VI)

eluate to a novel flow type electrolysis cell for reduc-

tion. U(IV) presents significantly stronger adsorption

onto AR-01 than U(VI). As the reduction of U(VI)

was not complete and possibly also some re-oxida-

tion occurred, column separation 2 yielded separated

U(VI) and U(IV) eluates. The U(IV) eluate was well
separated from all FP, inclusive the ones like Zr and
Nb that still overlapped with U(VI). Only Ru gave
yet a very small contamination of the U(IV) eluate;

maybe its reduction was also not complete. On the

other hand the higher Np valences had completely

disappeared and all Np was eluted together with

U(IV). Also most of the small Pu contamination was

eluted together with U(IV). During future experi-
ments, a complete reduction of U(VI) should be
aimed at. Furthermore the adjustment of the valences

of Pu and Np by the addition of NaN02 and by elec-
trolytic reduction merits further study.

To maximise recycling of nuclear material and to
minimise waste production, SCK>CEN is recovering

fissile material from fresh-fuel solutions for

BELGONUCLEAIRB and other clients. The instal-
lation is enclosed in three interconnected glove

boxes, which contain respectively the precipitation
and filtration section, the drying oven and the calci-

nation furnace. After adding ammonia to the U and
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Pu containing solutions ai 60 °C, we f i l te r and rinse

the precipitate and dry it at 200 °C under inert atmos-

phere. Afterwards we calcine it at 600 °C in the pres-

ence of hydrogen. The fully characterised product

returns to the client. In 2001 we treated about 200

dm-1 and we recovered about 12 kg U and 0.9 kg Pu.

At the end of the year SCK'CEN signed a new eon-

tract with IAEA.

Processes related to tritium

SCK-CEN has stored tritinted organic l iquid, which

was generated by the pharmaceutical industry more

than 20 years ago. The waste is documented to be a

95 % methanol/water mixture containing 5 % impu-

rities. This mixed waste is both radioactive and haz-

ardous for other reasons. Conditioning and disposal

is not possible wi thout pre-treatment.

For the treatment of the waste we found a solution

that is both technically feasible and reasonably safe.

The tritiated waste is converted in tritiated water,

which can be conditioned and stored and in carbon

dioxide, which can be discharged. We realised an

appropriate infrastructure that allows a controlled

and safe handl ing of this volatile, h igh ly f lammable,

toxic and highly radioactive material. The installa-

tion comprises a cell equipped for unpacking and

sampling the waste (see figure below), a second cell

which houses Ihe oxidation instal lat ion and its asso-

ciated water collection system and a third cell

equipped for Ihe temporary storage of the tritiated

water. The requirement for negligible environmental

emission drove the need for high destruction effi-

ciencies and efficient product-water recovery. For the

oxidation we chose a combination of direct combus-

Unpacking and sampling of tritiated solvents

lion and catalytic after-oxidation, developed and test-

ed by R.W. Johnson Pharmaceutical Research

Inst i tute and Ontario Power Technologies (OPT)

Canada. Condensation and adsorption on molecular

sieves traps the tritiated water. The process instal la-

tion was bu i l t and tested by OPT, transferred to

Belgium and integrated in our infrastructure. Cold

tests allowed us to optimise the working conditions.

We opened all secondary overpacks in a ventilated

process cell, using air-supplied suits and preventing

sparks. During this operation there was a continuous

monitoring for t r i t i um, inethanol and radiolytically

produced hydrogen. We decontaminated the second-

ary overpacks, which meanwhile have been cleared

for exemption. For removing all primary overpacks

and sampling the waste bottles, we used a glove box,

the inert atmosphere of which was decontaminated in

the process installation. Sampling allowed us to

check the specific t r i t i u m ac t iv i ty and the absence of

other radionuclides. Samples from each phase in

each bottle were sent to Canada where the organic

components could be analysed. From these results,

together wi th the density measurements at

SCK-CEN, also the water content could be estimat-

ed. Unpacking and sampling posed no significant

problems and t r i t ium discharges were well below the

authorised l imits .

Opening of overpacks and bottles, sampling and con-

sequent analyses were not possible without an appro-

priate process installation and infrastructure. It was

thus only after this ins ta l la t ion had already been b u i l t

and used that we unexpectedly learned that the tr i t i -

ated waste contained a high proportion of chloroform

and dichloromethane. The burning of such solvents

would result in the production of large amounts of

hydrochloric acid, consequent corrosion, deteriora-

tion of the process efficiency, leaks, and unautho-

rised t r i t ium releases. This imposed a complete revi-

sion of the process and the stainless steel installation.

The main points are: a calculated co-injection of

inethanol and water to l imi t the HC1 concentration at

the exhaust of the furnace, a direct neutralisation of

the hydrochloric acid in the condensate vessel and an

acid trap with solid K,COj to remove residual traces

of HCI further downstream. Furthermore we replace

all exposed components by more compatible ones,

mainly Hastelloy 276 or PTFE (polytetrafluoroethyl-

ene). These adaptations are now being implemented,

although they are hampered by the existing tritium

contamination. After the necessary adaptations are

done, we shall continue the actual oxidation, with

optimal parameter settings depending on the compo-

sition. The resulting water wi l l be stored at
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SCK'CEN, awaiting final conditioning and disposal

at Belgoprocess.

The operation and dismantling of test installations
for thermonuclear fusion and of future commercial
fusion reactors is not possible without the production
of tritiated waste. Most of this waste will exist as or
will be easily transformed into tritiated water. A tech-
nically and economically sound technology for water
detritiation is thus an environmental prerequisite for
the further development and the future application of
fusion energy. Most experts agree that water detritia-
tion should at least partly be based on the large iso-
tope effect during the exchange of tritium between
hydrogen gas and liquid water at relatively low tem-
perature. In this so-called LPCE (Liquid Phase
Catalytic Exchange) the presence of two counter-cur-
rent phases allows an easy multiplication of the ele-
mentary separation factor in a simple packed bed col-
umn. But unfortunately the chemical exchange
requires a catalyst and the low solubility and thus
also the low diffusion rate of hydrogen in liquid
water precludes the use of normal catalysts.

More than 20 years ago, SCK«CEN invented a
hydrophobic catalyst for the exchange of tritium
between hydrogen and water. This catalyst was not
"poisoned" by liquid water and it allowed us to
develop the ELEX process, a combination of elec-
trolysis and LPCE for water detritiation at inland
reprocessing plants, until it became clear that there
would be no inland reprocessing site in Europe.

After several groups had shown their renewed inter-
est, SCK-CEN started in 2001 a project, which aims
at providing the fusion community with an efficient,
small and not too expensive LPCE column for water
detritiation. Therefore we shall reproduce and try to
improve the historical performances of SCK«CEN
catalyst and its combination with water wettable
inerts in order to obtain a column packing that is
physically stable and that allows high, constant and
reproducible overall tritium exchange rates between
hydrogen and liquid water.

In collaboration with Johnson Matthey and ZeTek
Power we first tried to reproduce the catalyst parti-
cles that we prepared 20 years ago. The new batch
has been preliminary tested at SCK'CEN, resulting
in gas phase transfer units between 0.2 and 0.25 m at
40 °C and at a specific hydrogen flow rate of
10 mol.s.nr2. It has also been tested at the D.
Mendelev University in Moscow where the results
were between 0.25 and 0.3 m. These results con-
firmed the historical performances of SCK'CEN cat-
alyst and our maintained ability to prepare it. More

catalyst has been prepared for future testing by the
UKAEA (United Kingdom Atomic Energy
Authority).

To illustrate the previous results, we refer to the JET
application in the UK, which requires the detritiation
of 28 000 kg H2O(HTO) per year or, according
to their present design, the LPCE treatment of
0.074 mol.S'1 H2(HT). From our historical but recent-

ly confirmed results, it can be concluded that using
SCK'CEN's catalyst and working conditions, a
LPCE column with a diameter of less than 0.1 m and
a height of less than 6 m shall suffice for a deconta-
mination factor of more than 10 000.

The oxidation of alkali metals

The SANDS process (SAfer Na Destruction System)
safely converts liquid alkali metals into carbonates
by successive reaction with oxygen and carbon diox-
ide in a fluidised bed. Other ways to destroy liquid
alkali metals such as sodium are based on the explo-
sive reaction with water or an alcohol, resulting in
hydrogen evolution and the formation of corrosive,
hygroscopic sodium hydroxide waste, which in its
turn needs to be converted into a stable waste form
prior to storage.

The SANDS heat exchange model, based on con-
duction and convection needed to be simplified to
reduce the amount of experiments for process opti-
misation and modelling. A five dimensional model is
obtained, the variables being

1. the total reactor pressure;

2. the mean temperature of the fluidised bed;

3. the sodium flow rate;

4. the total gas flow rate and

5. the partial pressure of oxygen in the injected gas
stream.

Before real sodium waste treatment can start, screen-
ing of these variables is of extreme importance to
optimise the working conditions. At least two, and
for some variables 3 values have to be evaluated to
optimise the working conditions. Additionally, limit-
ing values of the variables corresponding to the lim-
its of safe working conditions must be determined.
Analysis of sodium accumulation in the reactor is an
excellent way to study this.

Experimentally, both an oxidation and subsequent
carbonation on 1.2 kg of sodium are successfully
achieved. A homogeneous mixture of sodium car-
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bonate was found back in the sand bed indicating that

the heat exchange during the experiment before emp-

tying the injection line was working well. Therefore,

the chosen experimental conditions (variables) are

situated w i t h i n the range of the safe and successful

process conditions. However, the emptying of the

sodium injection line at the end of the experiment

with a too high flow rate, resulted in a drastic heat

generation. Monitoring the temperature above the

injection head showed that the quick sodium injec-

tion resulted in an insufficient heat exchange, proba-

bly being the cause of the formation of a glassy cap

of sodium silicate above the injection head. Further

experiments are needed to confirm this hypothesis. A

review of the design of the injection head is also con-

sidered, in case this would be necessary to avoid

unintentional glass formation in the reactor.

Nuclear, pharmaceutical or military organic waste

can be safely destroyed by means of the silver (I!)

electrochemical mediation. In addition to the elec-

trolysis cell, the improved process being developed

by SCK-CEN, with in-situ removal of NO, emis-

sions, makes use of two electrodialysers and a

reverse osmosis unit (see figure below).

The theoretical and experimental studies on the

design and behaviour of several devices of the elec-

trolytic process are extended. In order to optimise the

working and the running costs of the electrolysis

cell, an experimental campaign was carried out in

2000 to assess a model describing the anodic selec-

tivi ty as a function of the process variables. The data

analysts revealed that the highest selectivity (up to

100 %) is obtained at low current densities and tem-

perature, which are the most influent process vari-

ables. However the variation range of the selectivity

within the chosen variable space was too small and

mostly covered by the experimental noise, making

any model f i t t ing impossible. Therefore a new cam-

paign has been started with extended variables varia-

tion ranges.

The efficiency of the electrolysis cell as well as the

clectrodialysis and reverse osmosis units depends

largely on the quali ty of the separation membranes.

This year, we started thorough membrane character-

isation studies, aiming at choosing the most suitable

existing membrane materials. Membrane characteri-

sation is largely based on the investigation of their

chemical and mechanical strength, the determination

of the transport numbers of relevant species, the cur-

rent-voltage behaviour and the osmotic and electro-

osmotic fluxes under a range of intended process

conditions. A provisional ranking of suitable materi-
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als has been made for the cation exchange membrane
of the electrolysis and electrodialysis units. The
characterisation of anion exchange membrane for the
electrodialysis unit is well advanced too. The final
choice of membrane materials will also depend on
the radiochemical inertness, which will be studied in
the near future. For some membranes, the obtained
results enable us already to make a tentative estima-
tion of the required membrane areas for the pilot.

The research concerning the occurring chemical
reactions in both the anodic and cathodic compart-
ments of the electrolysis cell is going on. We proved
that the cathode has to withstand the aggressiveness

of the camolyte as a result of the presence of nitrous
compounds. Therefore, we use a cathode adequately
coated with platinum.

As the electrolysis process will also be used to
destroy halogenated hydrocarbons, the recover}' of
silver out of simulated silver bromide and iodide pre-
cipitates has been optimised on a lab-scale. The
experimental design enables us to model the ongoing
reactions in the silver recovery unit. The recovery out
of silver chloride precipitates is extensively
described in the literature whereas it is not the case
for iodide and bromide precipitates. However, the
available literature data for chloride precipitates are
not applicable in the actual silver recovery device
because of our sustained effort to minimise the
amount of secondary waste. In addition, the chemical
reactions of some iodoalcanes and inorganic iodide
in real electrolytic process conditions are under study
at the moment.

Reconditioning of bituminised waste products

Bituminisation processes have been used to immo-
bilise several types of decladding waste and hot
waste concentrates. The resulting homogenous waste
consists of bitumen mixed with water insoluble salts
and soluble, mainly nitrate salts. If performance
assessments would point out that underground burial
of the nitrate rich bituminised waste products
(BWPs) is therefore unsafe, a reconditioning tech-
nique will have to be developed. Perhaps the separa-
tion of the nitrates out of the waste is already suffi-
cient to obtain a more stable waste form. This year,
we concentrated our efforts on the separation of the
different fractions of the BWPs by a room tempera-
ture extraction-filtration process, using both an
organic solvent and water. As bitumen can be
described as an emulsion and to prevent unintention-
al foaming or emulsification of the solvent-solute-
precipitate systems, much effort has been attached to

the physicochemical behaviour during the different
steps of the process. Taking into account this physic-
ochemical study, a light petroleum fraction showed
to be one of the most suitable organic solvents. An
additional advantage of this solvent is the ease to
recover and to reuse it in the process in a cyclic way.
As a result, the secondary waste of the extraction-fil-
tration process has been kept to a minimum. During
this extraction-filtration, separation of more than
90 % of soluble nitrate salts has been realised in pre-
liminary lab-scale experiments. Other processes to
extract the soluble salts are considered too.

Application of electroanalytical techniques to the

determination of U species in phosphoric acid

Polarography is a very suitable method for analytical
speciations. In the framework of a collaboration with
the analytical department, we implemented the dif-
ferential pulse polarographic analysis of U(VI) in
phosphoric acid. This allows maintaining on site the
tools needed for the determination of the excess of
oxygen in uranium oxides. Thereby, we can also pro-
vide support to our Chemical Processes Group. The
work was complemented by a close control check of
our instrumentation. Further, we focussed on the
electroanalytical behaviour of the U(VI)/U(IV) cou-

ple in phosphoric acid. The irreversible behaviour of
the system has been confirmed. However, in contra-
diction with some literature data, our results reveal
that the transfer coefficient is close to 0.5. We also
discovered a new way to discriminate between dif-

ferent electrochemical mechanisms, using one single
cyclic voltammetry scan.

Expanded and contracted porphyrins: synthesis,

characterisation and nuclear applications

The feasibility to produce a range of different cor-
roles using the synthesis route developed last year at
SCK'CEN has been demonstrated on a lab-scale. We
continued our pioneering work on the characterisa-
tion of these new materials using nuclear magnetic
resonance, infrared spectroscopy and mass spectrom-
etry. Attempts to make corrole containing polysul-
fone membranes via physical incorporation let us
conclude that chemical bonds between the matrix
and corroles are necessary to create a stable and effi-
cient ion exchange material. A literature study
demonstrates that contracted as well as expanded
porphyrins are promising products in nuclear med-
ical treatments and examinations as well as in photo-
dynamic therapy.
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Decontamination of contaminated water and \
liquid waste bv biosorbents

In the frame of a collaboration agreement between

SCK-CEN and the Russian JCAT (Joint Centre of

Advanced Technologies), removal of radioisotopes

and heavy metals by biosorbents is tested in view of

joint patenting and commercialisation. Biosorbents

were prepared by JCAT and preliminary tested were

conducted in Russian institutes and in UCL (Catholic

University of Louvain-La-Neuve). Results are repro-

ductible and promising. The products w i l l be further

tested when administrative problems related to the

collaboration w i l l have been solved.

Perspectives

The decommissioning activities in BR3 wil l contin-

ue with the loop decontamination of the steam gen-

erator and the pressuriser using the MEDOC instal-

lation. Then these primary components w i l l be dis-

mantled using the high-pressure water jet cutting

technique. We intend to get the ISO 9002 certificate

for the management of materials generated during

decommissioning operations. We will also continue

the dismantl ing of glove boxes and hot-cells in the

CBZ facility. We intend to load the CASTOR" con-

tainers with the BR3 spent fuel and other experimen-

tal fuel with similar enrichment in uranium and plu-

tonium and to put them inside the storage bui lding.

Concerning the consultancy and external services,

we aim at valorising more and more our skills

through participation in external projects. Therefore,

SCK'CEN signed collaboration agreements in this

domain with large nuclear industrial companies, such

as Framatome, Belgatom and Belgoprocess. The

main objectives in the next future wil l be our

involvement in the decommissioning and waste man-

agement of research reactors and facilities in Europe

and in particular of the European Joint Research

Centres and in the important decommissioning proj-

ects in France and Italy. Indeed, in these two coun-

tries, important decisions were taken in 2000 and

2001 to change the general strategy of decommis-

sioning, passing from deferred to prompt decommis-

sioning option, for the presently shutdown reactors.

This involves 1 1 power plants in France and 4 power

plants in Italy. A dramatic increase of the decommis-

sioning activities in these two countries is therefore

to be expected in the following years. On the other

hand, it appears also that decommissioning of old

facilities in Eastern and Central European countries

is an increasing concern. The technology and ski l l s

we developed will be helpful for those countries to

'ace the problems of nuclear l iabi l i t ies from the past.

Therefore, we wi l l continue our involvement in

expert groups and supporting teams organised by

international inst i tut ions (IAEA. EC) in these coun-

tries. We wil l continue to enhance our participation

in industrial consortiums, or collaboration with

Western and Eastern industry, to solve the problems

and clean-up the sites. This concerns not only nuclear

power plants, but also research reactors and facilities.

In the framework of our R&D programme, we aim at

treating the tritiated methanol and at studying and

demonstrating the separation behaviour of AR-01 for

the recovery and purif icat ion of Pu and U from sim-

ulated and real spent fuel .solutions. Further, we aim

at validating the models describing the oxidation of

a lka l i metals and the oxidation of organic waste

through Ag--. This includes the design and safety

report for the pilot installations as well as the scaling

up of the installations for industrial uses. We will

continue the investigations and selection of the pos-

sible ways to eventually recondition bituminised

waste forms.

Bclgalom (Brussels, Belgium)

Belgoprocess (I)essel, Belgium)

Framatome (France)

Kinectrics (Toronto, Canada)

University of Hannover

(Germany)

FWN

JCAT

OPT

EC

1'Flectricite de France (Paris and

Fontainebleau, France)

Fncrgicwerke Norcl (Greil'swald,

Germany)

Joint Centre of Advanced

Technologies (Russian federation)

Ontario Power Technologies

(Toronto, Canada)

Bclgatom (Belg ium)

Fleclrabel (Brussels, Belgium)

Franratome (for UKAEA)

Criepi (Japan)

Belgonucleaire (Desscl. Belgium)

European Commission (Brussels,
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IAEA International Atomic Energy

Agency (Vienna, Austria)

IR[ Institute of Research and

Innovation (Tokyo, Japan)

MEXT Ministry of Education, Culture,

Sports, Science and Technology of

Japan

NECSA Nuclear Energy Corporation

South Africa (Pretoria, South

Africa)

ONDRAF/NIRAS Belgian Agency for Radioactive

Waste and Enriched Fissile

Materials (Brussels, Belgium)

UKAEA United Kingdom Atomic Energy

Authority (UK)
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