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Besides the technical site, SCK-CEN has an extensive green domain
with an attractive social infrastructure.

Behind the scenes at SCK-CEN

SCK-CEN has a splendid site of 334 hectares in the
middle of a green area. The technical site with
reactors, laboratories and offices only occupies
atenth of it. More than half of the site consists

of woodland, meadows, ponds, paths and lanes.
The woodland is managed according to

an approved forest management plan.

SCK-CEN isresponsible for thinning out, planting
trees, maintaining the firebreaks, etcetera.

The research centre also has an excellent

social infrastructure: the residential quarter,

the Club-House hotel-restaurant, and the Nuclea
Sports Club. These social facilities arose in the
historic context of an international research centre
in the Flemish countryside. The infrastructure
isavailable to the personnel, family members

and international guests.

The residential quarter consists of 60 rooms,

24 single and 24 double studios, 38 houses and
11villas. The Club-House, operated by Sodexo,

has arestaurant,a21room hotel (with an average
occupancy of 75 %), several conference rooms

and an auditorium.

Nucleais the employee association of the
surrounding companies: SCK+CEN, VITO,

IRMM, Belgonucleaire, FBFC International

and ONDRAF/NIRAS. The association has more
than 2000 members. The members can use all kinds
of infrastructure: sports halls, tennis courts, football
pitches, yacht basin, bathing lagoon and beach,
the golf course, a boules area, fishpond, etcetera.
They can choose from arange of around 20 sports
and various organised recreational activities

each year Thereisalsoalibrary that has around
3000 titles.

13 « Research towards asustainable option | Highlights 2009 SCK-CEN






now and in the future

Safetyis agreat social concern when

it comes to nuclear energy. SCK-CEN
isaspecialistin the research of structural
materials of nuclear reactors around

the world, crucial to monitoring the safe
operation of current and future nuclear

plants.Just as renowned is the know-how

of SCK-CEN in the area of nuclear fuel
research. This contributes, among others,
to the testing of new nuclear fuels with

lower enrichment for research objectives,

so that therisk of undesirable proliferation
of nuclear fuels with high enrichment

decreases.




In 2008 Paul Magnette, former Minister

of Climate and Energy, asked the GEMIX
Commission - a team of Belgian and
international energy specialists - to
examine the energy future of Belgium.

Or rather: to examine ideal energy mixes
to ensure the energy supplies of Belgium,
to secure our competitive position and

to ensure that environmental and climate
objectives are achieved. In the framework
of this study, the GEMIX Commission asked
SCK-CEN to evaluate the lifetime of the
commercial nuclear power plants at Doel
and Tihange. In particular, the Commission
wanted to know whether it is technically
feasible and safe to keep these power plants
open for longer than 40 years, the lifetime
stipulated in the 2003 Nuclear Energy
Extrication Act.

The material surveillance programme for nuclear power plants uses
test pieces made of the same material as the reactor vessel.

Can Belgian nuclear power stations
work for longer?

The safe operation of a nuclear power plant
dependson the different components of the
installation. Some of them, such as the steam
generators, are maintained or even replaced

to ensure safety. The replacement of the reactor
vessel -in which the nuclear reactions take
place - is technically and economically unfeasible.
In other words, when the reactor vesselis no longer
satisfactory, it means the end of the nuclear power
plant. Thiscomponentis after all particularly critical
to safety: it shields the highly radioactive reactor
coreand also contains the cooling circuit. Because
of the ionising radiation to which the reactor vessel
isexposed for many years, metal embrittlement
canoccur. Together with the thermal ageing, this
can weaken the metal. The safety of the reactor

isthennolonger assured.

The degradation of the reactor vessel material is
monitored for the entire lifetime of a nuclear power
plant with a sophisticated monitoring programme.
This makes use of test pieces that are made from
the same material as the reactor vessel and its
welding material. These test pieces are placed

in capsules between the reactor and the reactor
vessel. As aresult of this, the evolution of the
material properties can be analysed. By examining
the capsules at set pointsin time, the mechanical
properties of the vessel materials can be monitored

and even predicted.
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SCK-CEN has been testing all capsules
of Belgian nuclear reactors since the start.

SCK-CEN has been testing all capsules of Belgian
nuclear reactors since the start and thus has the
complete series of historical data of this monitoring
programme. In addition to the legally required tests,
SCK-CEN, in consultation with the operator, has
forsome years applied more advanced monitoring.
Due toincreased accuracy, this leads to a better
safety margin. The purpose of the advanced
monitoring is to better characterise the materials
and thus toimprove the safety evaluation of
nuclear reactors. These innovative test methods
are the result of many years of research at SCK-CEN
on materials for nuclear reactors in Belgium and
around the world. In combination with the valuable
data history, these state-of-the-art test methods of
SCK-CEN make it the research centre par excellence
forstudiesin the field of metal embrittlementin

nuclear power plants.

The examination of the reactor vessel material
focuses on the most serious type of incidents

that can arisein anuclear reactor: the ‘pressurised
thermal shock’ or PTS. When such anincident
occurs, cold waterisinjected into the reactor core
such thatit cools down but stays under pressure
at the same time. These extreme conditions,

in combination with metal embrittlement, can cause
cracksin thereactor vessel wall. There are specific
standards and safety rules to avoid this situation
atall times.

Rachid Chaouadi
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The conclusion of the (legally stipulated and
advanced) tests that SCK-CEN conducted, states
that the safety margin under the extreme conditions
of a pressurised thermal shock is sufficient.

The safety of the reactors is thus assured for
anumber of decades.

Belgium is not the only country thatis considering
extending the lifetime of its nuclear power stations.
During the research, SCK-CEN also looked

at the policies of other countriesin this respect.
Forexample, the researchers did a comparison
between Belgian reactors and similar installations
in the United States, whose lifetime has already
been extended to 60 years.
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Test programme for the nuclear fuel
of the Jules Horowitz reactor starts

BR2 (s the most obvious reactor for testing and qualifying the nuclear fuel of the Jules Horowitz reactor.
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SCK-CEN is an active partner in the European
partnership around the Jules Horowitz reactor.

In Cadarache in the south of France, an
advanced material test reactor is currently
being built. The Jules Horowitz reactor is
aninitiative of the French Atomic Energy
Commission (Commissariat a ’Energie
Atomique et aux Energies Alternatives - CEA),
supported by the European Commission

and research centres in the Czech Republic,
Spain, Finland and Belgium, plus a number

of large energy companies. Requested by the
CEA, last year SCK-CEN started characterising
the nuclear fuel for this reactor, in its own BR2.

One of the three

Material test reactors are needed for the
development and characterisation of materials
and nuclear fuels used in the nuclearindustry.
Such research helps existing nuclear reactors to be
improved and even better reactors to be developed
for the future, with increased safety and better
performance. Most existing material test reactors
were builtin the 1960’s and will probably come to
the end of their lives in the period 2015-2025. On the
basis of this analysis, the ESFRI (European Strategy
Forum on Research Infrastructures) recommended
the construction of three new material test reactors
for Europe. In addition to 1) the MYRRHA reactor,
which is being prepared at SCK-CEN and is primarily
aimed at developing fourth generation reactors
(GenIV)and transmutation research (see page 24),
and 2) PALLAS, located in the Netherlands, which
will primarily be used for the production

of radioisotopes, the Jules Horowitz reactor (JHR)

in the south of France is one of them. In the JHR,
the research will focus on the existing reactors

and new third-generation reactors. SCK-CEN
isanactive partnerin the European partnership
involving the JHR.

/ The nuclear sector is investigating
the potential of nuclear fuels

with lower enrichment, which

are not proliferation-sensitive.

The behaviour of new nuclear
fuelsinreal reactor conditions

is still insufficiently known.

Our characterisation programmes
provide a wealth of information

to support the future use of new,

safe nuclear fuels. /

Innovative nuclear fuel

Ahigh neutron flux is expected of the JHR, and hence
anuclear fuel with a high material density is needed
for this reactor. Moreover, a low enrichment fuel has
been chosen (less than 20% enriched uranium) to
satisfy the non-proliferation requirements. These
are international requirements to counteract the
malicious use of radioactive materials. The intention
isultimately to operate the reactor with UMo
nuclear fuel. However, thisis not yet commercially
available,and hence the CEAis having a back-up
nuclear fuel characterised in the meantime for the
first operations, i.e. U3Siz. The radiation behaviour of
these nuclear fuels under the actual conditions that
will occurin the JHR has not yet been demonstrated.
SCK-CEN has set up an experimental programme to
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The EVITA loop has been extensively tested with hydraulic
experiments and various nuclear measurement programmes.

check whether anuclear fuel element of the actual
size will operate properly in conditions that are
representative of the JHR. The research forms part
of an extensive characterisation programme for
the reactor, which also includes the validation

of the design and production.

Theirradiation will take place in the BR2 reactor,
the obvious reactor for these experiments. Indeed,
BR2is theonly onein the world able to provide
theveryintense neutron flux thatis required, ina

reactor volume that is big enough to install a circuit
that simulates the JHR. Moreover, the nuclear fuels
of both reactors exhibit considerable similarities

in geometry. Specifically for the test programme,
the SCK-CEN experts designed EVITA, a unique half
openirradiation loop that mimics the radiation
channel of the JHR. The EVITA loop has been fitted
into the central channel of BR2. The circuit has been
extensively tested using hydraulic experiments

and various nuclear measurement programmes to
evaluate the effects of iton BR2 (reactivity, safety
and operation of the reactor).

Specifically for the test programme, the SCK-CEN experts designed EVITA, a unique half open irradiation loop
that mimics a radiation channel of the JHR. The EVITA loop is in the central channel of BR2.
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During the post-research, hot cells are used with remote handling facilities to safely handle radioactive materials.

Last year, SCK-CEN performed a firstirradiation
seriesin thisloop onanuclearelementunder
average JHR conditions. During these tests,
different parameters were monitored online,

such as temperature, cooling flow, pressure
difference, thermal balance, neutron flux and
gamma radiation. At the end of each cycle it was
examined whether the nuclear fuel plates were
mechanically intact and whether the entire element
was geometrically intact (on the basis of a visual
inspection and dimension measurements). After a
cooling phase of a number of months, in 2010 the
post-irradiation-research will follow, in which the
behaviour of the nuclear fuel will be evaluated using
corrosion measurements, detailed metallographic

inspections and radiochemical examinations.

Experiments with two subsequent elements will
startin 2010 and will gauge the behaviour of the
fuelunder nominal conditions of the JHR. Finally
SCK-CEN will subject afourth and fifth element
to similar tests to confirm the results and answer
any additional research questions (e.g. incidental

conditions).

In addition to the specific set up of this
characterisation programme relating to the JHR,
SCK-CEN is building up a lot of experience that will
berelevant to characterise nuclear fuels for future
reactors such as MYRRHA (see page 24).
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Pioneering nuclear technologies 2
fora

SCK-CEN develops advanced nuclear at SCK-CEN also brings nuclear fusion

systems that help to convert long-lived a step closer toreality, a technology that

radioactive waste into shorter-lived waste, should enable completely sustainable

and to produce less waste. The research nuclear energy generation in the future.




Green light for MYRRHA,
high technology in nuclear research

In the last few years, SCK-CEN has invested a
lotin the development, in a European context,
of arevolutionary material test reactor.

This ground-breaking irradiation facility,
called MYRRHA, will be the world’s first
nuclear reactor driven by a particle
accelerator, and in time will replace the BR2
reactor. The aim of MYRRHA is to contribute
to the sustainable implementation of nuclear
energy and to help develop solutions for
important social concerns, such as the
management of radioactive waste and the
safety of nuclear energy. Following the expert
opinion of the international MIRT team in 2009,
in early 2010 the federal government gave

its blessing to this ambitious project.

Green light from the MIRT team
SCK-CEN has been working on the design of the
MYRRHA reactor (acronym for Multi-purpose hybrid
Research Reactor for high-tech Applications) since
1997 In order to further develop the details of this
design, there was a need for additional financing.
SCK-CEN knocked at the door of the federal
government. Paul Magnette, former Minister of
Climate and Energy and the minister in charge of
SCK-CEN, requested an expert opinion on MYRRHA
fromaninternational team of independent
specialists (MIRT or MYRRHA International Review
Team). Did the proposal fitin with the (energy)
strategy of the European Union? Was it financially

realisable and technically feasible?

The conclusions of thisindependent evaluation
(October 2009) were favourable for MYRRHA.
MYRRHA is recognised in the MIRT report as unique
in the world, an innovative project that will play

acrucialroleintheresearchinto the management
of nuclear waste, and an investment that will yield
an economic payback for Belgium. However, MIRT
noted that there are stilla number of technological
challenges with the reactor design that must be
furtherinvestigated. Aware of these challenges,
SCK-CEN undertook to further strengthen and
develop the MYRRHA research programme, that

has already been running for a few years.

An absolute milestone on 4 March 2010 was
the decision of the Belgian government, based
on the MIRT report, to support this project.
The government has since promised 60 million
Euros for the first five year design phase.

Central Design Team

SCK-CEN was given the project to develop the
detailed engineering for MYRRHA from start to
finishin this phase (Front End Engineering Design
or FEED), to gather together an international
consortium for this purpose, obtain the necessary
licences and to set up an appropriate R&D
programme. When these conditions have been
satisfied, the federal government will agree to the
construction and installation of MYRRHA as of 2016
and has promised to cover 40 % of the estimated
cost of 960 million Euros. The intention is to have
the reactor fully operational by 2023. At that time
MYRRHA will replace the current BR2 reactor.

With the support of the Seventh Framework
Programme of the European Commission, in April
2009 SCK-CEN formed a Central Design Team (CDT)
to prepare the FEED. This CDT - a partnership with
eighteen European partners and South Korea and
Japan as associate partners - has three years

to develop the blueprint of the MYRRHA project.
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/ MYRRHA will undoubtedly help find answers to the great
challenges of society. Moreover, this research reactor should

contribute to the development of our knowledge economy:

which cannot be done without innovative installations. /

V' In the VENUS reactor, researchers are currently conducting the GUINEVERE experiment.

i-¥
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™ GUINEVERE stands for Generator of Uninterrupted Intense NEutrons at the lead Venus REactor
and was developed together with a number of European partners.

Altogether around 30 to 40 people are currently
working on the MYRRHA project.

Afirststepin therealisation of MYRRHA is the
construction of atest model with reduced power.
Inthe last few years SCK-CEN has been developing
such atestreactor: GUINEVERE (Generator of
Uninterrupted Intense NEutrons at the lead VEnus
REactor). The development was done together with
various European partners, with the mostimportant
being the French National Scientific Research
Centre (Centre National de la Recherche Scientifique
- CNRS) and the Atomic Energy Commission
(Commissariat a ’Energie Atomique et aux Energies
Alternatives - CEA). GUINEVERE, a modification

of the existing VENUS reactor on the SCK-CEN site,
was officially inaugurated in the spring of 2010.

The total economic impact of MYRRHA
is estimated to be around 13 billion Euros.

Contribution to the knowledge
economy, stimulus for employment
MYRRHA will not only help to find scientific answers
to the challenges of the future. The project will also
have adirectly perceptible socio-economic impact.
The total economicimpact (2010-2015) of MYRRHA
isestimated to be around 13 billion Euros. For each
euro invested in the project, the economic payback
effects for Belgium will be around 12 Euros. The
implementation of MYRRHA also forms part of the
strategic plan of SCK-CEN. In the light of MYRRHA,
SCK-CEN wants to strengthen its organisation

and draw in extra foreign researchers and give

an impetus to the high-tech companies and
spin-offs that develop alongside and around
MYRRHA. All this will contribute to the creation

of 2000 jobs of along-term nature.
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The MYRRHA portfolio

As a high-technology nuclear research reactor,
MYRRHA has a lot to offer. Aselection from
the portfolio of MYRRHA possibilities.

Safe nuclear reactors. MYRRHA is a sub-critical
reactor. This means that it does not achieve
critical mass, i.e. the quantity of nuclear material
required to sustain a chain reaction by nuclear
fission. Instead of this, a sub-critical reactor
uses an external neutron source. This external
neutron source for MYRRHA is a particle
accelerator. The primary characteristic of
asub-critical reactoris its safety: the reactor
stops when the neutron source is switched off.
This type of reactor is known as an Accelerator
Driven System (ADS). The technological
demonstration of ADSis a firstimportant
research objective of MYRRHA.

Less long-lived waste. M\YRRHA will also

be used for research into transmutation: this is
the splitting of long-lived elements in radioactive
waste to short-lived elements. The lifetime

of the waste could be reduced by a factor

of 1000 in this way. Reactors of the ADS type

are ‘fastreactors” they produce fast neutrons.
Conventional thermal reactors slow these
neutrons down, usually in a hydrogen-containing
medium. This deceleration is required to
increase the chance of nuclear fission.

However, non-decelerated, fast neutrons are
highly suitable for the transmutation of nuclear
waste material. Transmutation is regarded
asanimportant line of research into the
management of long-lived waste, alongside the
research that SCK-CEN is doing together with
ONDRAF/NIRAS into the deep geological disposal
of this waste. For the rest, MYRRHA is the
European ETPP project (European Technology
Pilot Plant) on the road towards the development
of Lead Fast Reactor (LFR) technology.

Material and nuclear fuel tests. MYRRHA
will not only take over the applications of
the BR2 reactor as a flexible irradiation unit
for material and nuclear fuel tests. The plant
will also be an important test system for the
new field of reactors of the fourth generation
(Gen V), the energy systems of the future.

In MYRRHA, many studies will be done in the field
of nuclear fusion (ITER - see page 29).

Production of radioisotopes and doped silicon.
MYRRHA will also take over the production
functions of BR2. The infrastructure of MYRRHA
will thus also contribute to the continuity of

the supply of medical radioisotopes. From

2010, BR2 will account for 25 % of the world
production of radioisotopes. With MYRRHA,
Belgium is consolidating its key role in the field
of the production and research into medical
radioisotopes. With MYRRHA, SCK-CEN will also
continue its production of doped silicon as the
raw material for electronic devices forimportant
renewable energy applications.
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Nuclear fusion:
the energy source of the future?

Nuclear fusion reactors are safer and do not
produce any long-lived radioactive waste,
unlike nuclear fission reactors. Moreover,
their energy source is endless. In the strive
for a sustainable energy future, rather alot
of eyes are turned towards nuclear fusion
technology that is also CO,-neutral. In 2009,
Belgium decided to actively participate in
theinternational ‘Broader Approach’ nuclear
fusion programme, a partnership between
the EU and Japan, with SCK-CEN playing the
Belgian lead role.

Inexhaustible
Foranumber of decades, scientists and technicians
around the world, and in particularin Europe, the

United States and Japan, have carried out leading

research to mimic a process that takes placein
the heart of the sun: thermonuclear fusion. The
purpose of this high-technology research is obvious:
to produce one day this form of energy on earthin
asafeand controlled way and in large quantities.
The benefits of nuclear fusion are impressive:
itisanintrinsically safe technology that does not
produce any long-lived waste and is thus friendly
forthe generations to come. Nuclear fusion uses
aninexhaustible source of energy, consisting

of deuterium and lithium found in seawater, that
cannot be used to make nuclear weapons either.

Nuclear fusion is still not yet used because the
process ison the boundary of our technological
capabilities. The scientific challenges are gigantic:
the temperaturein a nuclear fusion process goes
from absolute zero in the superconducting magnets




around the pressure vessel to a few million degrees
in the heart of the plasma. The development of
structural materials that can withstand these
extreme conditionsis only one of the technological
tours de force that are still along way off from what
we can do today.

ITER and the ‘broader approach’

In order to be able to have nuclear fusion as a source
of energy in the second half of this century, a first
important pilotinstallation, ITER, is currently being
builtin Cadarache (south of France). This project is
apartnership between seven partners (including
the European Union), who together represent more
than half of the world’s population. In addition,
partial compensation has been agreed forJapan
because the partners chose to build ITER in Europe
(and not at the other location available in Japan).
As aresultof this,itwas decided to set up a‘broad
approach’to nuclear fusion. The purpose of thisis to
develop technologies and do research that cannot
bedoneinITER. This programme has been set up

in consultation between Japan and the European
Union and is supported, with regard to Europe, by
the voluntary participation of the member states.

The role of SCK-CEN

In the spring of 2009 Belgium undertook to
participate in the three mostimportant projects

of the broad approach. The three Belgian regions
of the country are involved in the project fora
total budget of 11 million Euros over six to seven
years. SCK-CEN is the coordinator for Belgium.
Otherresearch centres, universities and companies
are also participating in this international R&D

programme of a top technological level.

/ If we can overcome the
technological barriers,

the importance of nuclear fusion

for the energy supply of future
generationsisimmense.

By participating in international R&D
programmes at a top technological
level, SCK-CEN and the other Belgian
partners will put our country on the

nuclear fusion map. /

SCK-CEN is participating in two projects. The first
isthe design and validation of crucial components
for theirradiation machine, IFMIF (acronym for
International Fusion Material Irradiation Facility).
Thisinstallation, that produces high energy, high
intensity neutrons, is needed to test materials

in comparable conditions to the nuclear fusion
reactor. IFMIF must be ready by 2025, the time
atwhich ITER will become operational. IFMIF

will primarily yield crucial information for the
construction of commercial fusion reactors after
ITER.SCK-CEN isresponsible for the irradiation tests
of vulnerable IFMIF components, the design of a test
module for the start of IFMIF, and the design of the
‘Low Flux Test Module’ In 2009, the SCK-CEN experts
designed the holder for the irradiation tests, and
prepared the basic design for the start test module
and the Low Flux Test Module. The design of IFMIF is

thus underway.

In addition, SCK-CEN is also working on research
relating to DEMO, the future commercial fusion
electricity generating station. The actual
commercial start-up of this power station is not
expected before 2040. What role SCK-CEN will play
in this R&D programme has yet to be clarified.

€ SCK-CEN uses, among others, the Plasmatron for its fusion technology research.
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Radioactive waste and decommissioning:

Nuclear energy and nuclear applications
inevitably lead to radioactive waste.
Foryears SCK-CEN has been investingin

ground-breaking research into sustainable

and safe solutions for the disposal of

radioactive waste, together with the Belgian

Agency for Radioactive Waste and Enriched
Fissile Materials (Nationale Instelling voor
Radioactief Afval en verrijkte Splijtstoffen
- ONDRAF/NIRAS). SCK-CEN also has

unigue expertise in the safe and economic

decommissioning of nuclear plants.




Deep geological disposal,
a long-term option for long-lived waste?

Certain types of long-lived waste are radioactive
for more than 100,000 years. Finding sustainable
solutions for the long-term management of
themis thus an immense challenge. Since the
first nuclear power plant started in Belgium,
SCK-CEN has invested in research into the
management of long-lived waste. This research,
together with ONDRAF/NIRAS, is focused on
deep geological disposal in clay as a possible
long-term solution. Itis the essential scientific
foundation of the Waste Plan, with which
ONDRAF/NIRAS will publish its strategy for

the management of long-lived waste in 2010.

Deep disposal in clay

as a possible solution

Inthe search for safe and feasible options to
manage long-lived waste, deep geological disposal
has beeninthe foreground for some decades.
Deep disposal not only means that the waste
isstoredin aplace faraway from man. Well-
chosen deep geological layers are also very stable.
In Belgium the Boom and Ypres clay layers can be
considered for deep disposal. Clay acts as a natural
barrier to the migration of radioactive materials.
Itisbarely permeable to water and has alarge
internal surface, such thatit can absorb metals
and radioisotopes to a great extent.

All these properties should ensure that deep
disposalin clay is not only safe, but that it

also provides a passive solution, such that the
generations after us will not have to actively
intervene to guarantee the safety of the waste
disposal. The extent to which the deep clay layersin
Belgium meet these high expectations is the subject
of high-technology scientific research at SCK-CEN.

The research programme

Over the last few years this research has focused
on the (hydro)geochemical behaviour of the clay.
The SCK-CEN experts are, in a context of broad
international cooperation, also researching the
behaviour of the waste and waste packaging under
disposal conditions. Specific processes have also
been examined, such as the interaction between
the different barriers around the waste and the

migration of radioisotopes and gas in the clay.

The PRACLAY programme

Since 1994, EIG EURIDICE (an Economic Interest
Grouping between SCK+-CEN and ONDRAF/NIRAS)
has been conducting a Belgian demonstration
programme on the safety and feasibility of deep
geological disposal of long-lived waste in the
deep clay layers of Boom below the SCK-CEN site.
This research is taking place in and around
HADES, aresearch laboratory unique in the world
thatis 225 metres underground (see page 10).

Today the researchiszoomingin on experimentsin
the PRACLAY gallery. This extra gallery, 40 metres
long, perpendicular to the HADES laboratory, was
specifically excavated a few years ago to conduct
research into the effects of the disposal of high-
level, heat-emitting waste. The extremely difficult
hydraulic seal of this gallery, that must also allow
the passage of cables (instrumentation, heating
system)-was prepared in 2009 so it could be
brought to asuccessful conclusionin 2010. This
needed a combination of a natural seal of bentonite
(atype of clay with enormous sorption properties)
and a heavy metal construction that blocks the
bentonite. EURIDICE will conduct a large-scale heat
testat80°Cin the PRACLAY gallery for more than
10years. This should enable the behaviour of the

SCK-CEN Highlights 2009 | Research towards a sustainable option « 32



T The hydraulic seal of the PRACLAY gallery
in the underground laboratory HADES was a technical
tour de force.

clay layers under thermal stress to be investigated,
and thus the feasibility of the deep geological

disposal of heat-emitting waste to be confirmed.

In parallel to the research of EIG EURIDICE, SCK-CEN
concluded last year a framework agreement

with ONDRAF/NIRAS. This agreement replaces

the previous cooperation agreement that expired

in 2008, and defines the focus of additional research
into the management of long-lived waste in the
coming years.

Towards a Belgian strategy

In the last few years, the experiments in and
around HADES have provided an essential input to
the Safety and Feasibility Interim Reports1and 2
(Safir) that ONDRAF/NIRAS produced. The purpose
of these reports was to take stock of the state of
affairs of waste research and to inform the Belgian
government of this. With the ONDRAF/NIRAS Waste
Plan, to which the expertise of SCK-CEN is providing
important support, at the end of 2010 the federal
government will have all information to make a
strategic decision on the long term management of
waste. The research of today and in the near future
is primarily relevant for the development of the
geological storage option by developing a Safety

The PRACLAY gallery should enable the
feasibility of the deep geological disposal of
heat-emitting waste to be investigated.

and Feasibility Case. Complementary to this,
SCK-CEN will research, as soon as the MYRRHA
installation is available, how the geological storage
of long-lived waste can be further optimised in the

future by transmutation.

/ Finding a safe and passive long-term solution for
long-lived waste is one of the greatest challenges
of waste management. Our research must contribute

to a robust, scientifically based Belgian waste strategy. /
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Decommissioning
nuclear installations

SCK+<CEN expertise ready for export

When a nuclear installation is permanently
shut down it is crucial to completely
dismantle and decontaminate it on account
of radiological safety. The expertise that
SCK-CEN has built up in the decommissioning
operation of its own BR3 reactor is now
available nationally and internationally.
Last year SCK-CEN played an important

role in the newly started dismantling

and decontamination of the MOX plant
(Mixed Oxide) of Belgonucleaire in Dessel,
and the decommissioning of the university
research reactor Thetis in Ghent.

BR3 as an experience

SCK+CEN has built up impressive and unique
expertise in the dismantling and decontamination
of nuclear plants, thanks to the decommissioning
of the BR3 reactor. This BR3 reactor was the
prototype of a pressurised water reactor, such as
the production reactors in Doel and Tihange,

and was started in 1962. The reactor was stopped
in1987. The European Commission selected the
SCK-CEN BR3 as one of the demonstration projects
to show the technical and economic feasibility

of decommissioning areactorin real conditions.

First, the BR3 project enabled various techniques,
for example cutting and chemical decontamination

/ BR3 was a unique experience. The great challenge

with decommissioning is after all to always find a balance
between safe and economically feasible decommissioning.
The expertise we built up from the BR3 operation we can
now make available to other nuclear installations around
the world. /

of radioactive materials, to be compared

and characterised. Moreover, in the course

of the operation SCK-CEN collected a wealth

of information on costs, waste production and
radiation protection during decommissioning.

All this expertise should enable the technical and
financial impact of future decommissioning projects
to be forecast.

Highly radioactive components
dismantled

Inthelastdecade, in the first step the SCK-CEN
expertsremoved and transported the nuclear fuel
of the BR3 reactor. Then the highly radioactive
components and contaminated circuits were
dismantled. Last year, the dismantling of the last
highly radioactive component was completed,
i.e.the neutron shield. Thisis a double walled
cylindrical tank filled with water that is around the
reactor vessel andis used as aradiation shield. This
type of tank has a highly complex structure and
canonly bedismantled on site. Hence the SCK-CEN
experts selected high-pressure water jet cutting
with the addition of abrasives as the most suitable
technique. The cutting equipment was held on a
robotarm so thatit could be operated remotelyin
three dimensions.

When dismantling all highly radioactive
components, SCK-CEN did pioneering work by
developing robots and remote-control tools. This
special equipmentis needed to keep the ionising
radiation exposure of employees during this work
aslow as possible. In 2009, the finishing touches
were applied to the clearance of the ventilation
building and the decontamination of the ventilation
components.
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The decommissioning of the reactor then

came to asubsequentcrucial phase: the
decontamination of the building infrastructure.
This operation was prepared in 2009 and will start
in 2010. SCK-CEN plans to demolish all buildings
after decontamination. After dismantling,
decontamination and demolition, the safety
authorities can release the entire siteas a‘green
field’. The site can then be given a new industrial
destination.

The (low-level) radioactive debris is taken to
Belgoprocess while awaiting permanent disposal

on thesurfacein the future disposal installation for
low-level, short-lived radioactive waste in Dessel.
Non-radioactive debris is collected selectively. After
release according to the release procedures of the
physical inspection department of SCK-CEN, and
the accredited inspection organisation BelV, it is
taken away forrecycling. The disposal of radioactive
waste costs money and hence SCK-CEN developed

aninnovative measuring methodology to minimise

The chimney of the BR3 reactor is dismantled.

the quantity of radioactive waste. The experts
are also setting out a new release methodology

for concrete infrastructure.

During the entire decommissioning special
attention was and is paid to the radiation
protection of the personnel, who often have to
workin acomplex nuclear environment. SCK-CEN
works according to the ALARA principle (As Low As
Reasonably Achievable). In order to estimate the
possible doses beforehand, SCK-CEN developed

a three-dimensional planning tool for work in
nuclear environments. This tool (VISIPLAN) is used
internationally and is also used to prepare for the
dismantling work of BR3.

All techniques used for decommissioning

are approved by the physical inspection
department of SCK-CEN and Bel V. They also
monitor the implementation of the dismantling
and decontamination work, forexample for
the observance of the protective measures for
employees.
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Belgonucleaire, with a participation of SCK-CEN

of 50 %, has produced mixed oxide fuel (MOX),
a mixture of depleted uranium oxide and
plutonium oxide, for nuclear power plants
for more than 20 years. The last production

programme was completed on 15 August 2006.

Since 2009 Belgonucleaire has had the MOX
factory in Dessel decommissioned. SCK+CEN,
in consortium with Belgoprocess, is one of the

partners responsible for the decommissioning.

In the MOX factory there is a quantity of
plutonium-containing waste thatis being
removed for disposal. In addition, there

are all kinds of infrastructure and buildings
on the site that are decontaminated.

After the decontamination, these buildings
are no longer aradiological risk.

They can therefore be safely released for
anew non-nuclear purpose.

SCK+CEN provides advice on material
management for part of the project, the
characterisation of the waste, the quality

control of the entire process, the methodology

of the decommissioning and safety.
Belgoprocess is responsible for the actual
dismantling of part of the site. The complete
decommissioning of the MOX factory must be
completed within five years.

The complete decommissioning of the MOX
factory must be completed within five years.

The decommissioning of BR3 is already at an
advanced stage, butas aresult of theamended
regulations, the licence to decommission BR3
was only requested in 2008. Last year, SCK-CEN
submitted the extensive licence application

for thislicence to the FANC.

Thetis is aresearch reactor that has been installed
in the buildings of the Universiteit Gent. Itis
asmall nuclear reactor used by Flemish universities
for scientific research. Thetis was primarily used
forinvestigating the composition of samples by
irradiating them, with applications in medicine,
environmental remediation and archaeology.
Thereactor was permanently stopped at the end
of 2003. The Universiteit Gent asked SCK+-CEN
todraw up thelegally required decommissioning
plan forthereactor,and to take on the project
management of the entire commissioning.

In 2009 SCK-CEN started preparing for the
decommissioning. The actual dismantling will
startin 2010 with the removal of the reactor fuel
as the first step.

The reactor vessel of BR3 is removed: a crucial step in the decommissioning.
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New nuclear applications
I

SCK+-CENis notonly active in scientific
research. The site in Mol is also responsible
for the production of the medical isotope
molybdenum-99 and for the production

of doped silicon. With these certified

production processes, SCK-CEN contributes
to guaranteed and safe nuclear medicine
and to applicationsin renewable energy,

such as electricity generating wind turbines

and hybrid electric vehicles.




Itisimpossible toimagine the medical world
today without radioisotopes, and due to rapid
technological progress in nuclear medicine
their use is still on the rise. An important

role of research reactors is the production of
molybdenum-99. Around the world this is done
primarily by five nuclear research reactors,
one of which is the BR2 reactor of SCK<CEN.

As aresult of checks and maintenance work
on three other reactors, for a few years there
has been a serious crisis in the availability

of this medical isotope. In order to guarantee
the worldwide supply of radioisotopes,
SCK-CEN expanded its production of
molybdenum-99 by half in 2010.

The production chain of radioisotopes
One specific radioisotope in particularis crucial to

medical imaging of cancer research, i.e. technetium-

99m. This radioisotope is used in around 80 % of all
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SCK-CEN increases production
of medical radioisotopes by half

nuclear diagnosticimaging procedures, especially
for detecting tumours. This corresponds to around
30 million examinations per year on aworld scale,

and many millions of examinations in Europe alone.

Technetium-99m only has a lifetime of six hours,
and is thus not suitable for transport. It is generated
at the place of diagnosis by radioactive decay
from the radioisotope molybdenum-99, which has
a half-life of 66 hours and can thus be transported.
Atthe start of the chain, molybdenum-99is
produced by bombarding uranium with neutrons
inanuclearreactor. Thisirradiation is done in the
NRU reactor in Chalk River (Canada), HFR in Petten
(the Netherlands), BR2 at SCK-CEN in Mol (Belgium),
OSIRISin Saclay (France) and SAFARIin Pelindaba
(South Africa). In the next step, molybdenum-99
isseparated from the bombarded uranium-target
(at the National Institute for Radio Elements [IRE]
in Fleurus [Belgium] and at COVIDIEN in Petten
[the Netherlands]). Molybdenum-99is then finally




/ Last year SCK-CEN built two new irradiation holders
for the BR2 reactor. Our specialists did everything

to complete this projectin record time. Since then,
SCK+-CEN has accounted for a good 25% of the world

production of medical isotopes (molybdenum-99). /

packaged by isotope producers as Mo-99/Tc-99m
generators that are sent to the hospitals. There
molybdenum-99 decays slowly into technetium-
99m, the isotope that the hospitals use. A hospital
can ‘milk’ technetium-99m from the generators
foraround a week. The production of medical
isotopes thus requires an entire chain, that must be
performed within ashort time.

BR2 capacity increased

With five of them, the research reactors are only
just able to satisfy the worldwide demand for
radioisotopes. This situation is already notideal,
and moreover the reactors are also regularly
stopped for repair or maintenance. Last year

the production of isotopes even stopped when
anumber of reactors shut down at the same time,
some planned beforehand, others after unexpected
breakdowns. In 2010, a long-term period of
maintenance is planned for both the Canadian
and the Dutch reactors.

In 2009 SCK-CEN thus decided to increase its
production of molybdenum-99. The research centre
operates more production cycles per year (from
five to six) and has also physically increased the
capacity of the BR2 reactor. Last year two new
irradiation holders were built to increase the
existing holders in the BR2 reactor. The specialists
did everything to complete this projectin record
time.In just seven months the entire project was
completed, from engineering through construction

€ The radiation capsule for the production
of radioisotopes is loaded.

toinstallation and training. The expansion has
been operational since the spring of 2010, and
inthe first quarter of 2010 the first cycle was
operated. The result: while the BR2 reactor in 2009
(only)accounted for 15% of world production,

in 2010 this will rise to 25%, with a peak capacity
of even 65%.

The capacity increase at SCK-CEN was donein
agreement with European partners that handle
theirradiated uranium targets (IRE and COVIDIEN)
and the operators of the otherisotope producing
reactors.

Future production assured

Thereactors that produce radioisotopes were all
built at the end of the 1960’s for research purposes.
The end of their lifetime is thus in sight. The security
of supply of medical isotopesin the longer term is
agreat concern. Investmentis thus required in new
facilities for the production of medical isotopes.
SCK-CENis currently preparing a completely new,
state-of-the-art multidisciplinary infrastructure.
The MYRRHA reactor (see page 24) will take on the
isotope production of BR2 as of 2023.

The mostimportant European players also signed
a position paperin the spring of 2010 to formalise
their cooperation and to assure the supplies

of radioisotopes. SCK-CEN also advocates a fair
payment distribution for all users of medical
isotopeson aEuropean level.
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CATAMARAN targeted at
Innovative radiopharmacy

In cancer therapy there is a great need for
specific treatments: therapies that kill
cancer cells selectively without affecting

the healthy cells. In the CATAMARAN project
(Cancer Targeting Molecules Attached

to Radionuclides) SCK-CEN develops, in

a preclinical trial, products that deliver the
right radiation doses at the right place in the
human body. With the new multidisciplinary
expertise that has been built up in the project,
SCK-CEN is contributing to new medical
applications of radiation.

Lutetium-177 + Nanobodies®

= Lutebodies

Cancer therapy makes use of radioisotopes with
cytotoxic properties, i.e. they are fatal to cancer
cells.Inorder to increase the efficacy of such
atherapy,itisimportant for the radioisotopes

to get to theright place, directly to the cancer cells.

/ Treatments with radioisotopes

are promising in nuclear medicine,
which is continually pushing

back its boundaries. With our
multidisciplinary research in the field
of nuclear physics, radiochemical
analysis and molecular biology,

we contribute to the radiopharmacy
(o thefuture./

In order to achieve this specificity, vector molecules
are used that guide, as it were, the radiotoxic
elements to the cancer cells.

The CATAMARAN projectis developing radio-
pharmaceuticals that contain lutetium-177 as a
radioisotope, a promising radioisotope in cancer
treatment. Nanobodies® are currently used as a
vector molecule. They are a new class of innovative
therapeutic proteins, derived from fragments

of antibodies from camelids, with very interesting
pharmacological properties. They have a high
affinity, such that they specifically bind to one
therapeutic target, they are remarkably stable

and relatively easy to produce. These Nanobodies®
were originally developed at the Vrije Universiteit
Brussel (VUB). Some of them are currently being
clinically tested for the treatment of thrombosis,
forexample. In the CATAMARAN project,
Nanobodies® are used that specifically target
cancer cells. These Nanobodies®, labelled with
lutetium-177, have been dubbed Lutebodies.
SCK-CEN is conducting thisresearchin close
cooperation with the Vrije Universiteit Brussel (VUB).

Promising

The CATAMARAN project started in 2008 and

is proceeding step by step. Adifferent research
disciplineisinvolved at each stage, from nuclear
physics, radiochemical synthesis and molecular
and cellular biology, to medical imaging.

The researchers first of all labelled the antibody
fragments with the radioisotope lutetium-177
produced in the SCK-CEN BR2 reactor. This labelling
was done by using bifunctional ligands,
i.e.chemical molecules that bind to both the
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T Radiobiological research for nuclear medicine is a growing field of research at SCK+CEN.

radioisotopes and the Nanobodies® Once these
radiolabelled antibodies have been synthesised,
they are exhaustively tested in vitro. The first
results are promising: the in vitro tests went
according to expectations for both the labelling
and the binding to the target cells. Little free
lutetium-177 was left, which isimportant for its
application in the human body.

The CATAMARAN project uses Nanobodies®
aimed specifically at cancer cells.

Towards a new

radiotherapeutic remedy

In the next few years work will primarily be done
oninvivo testing, the reproducibility of the results
and the extension to CATAMARAN molecules based
on othervector molecules. The aim is to have a new
preclinically validated radiotherapeutic remedy.
After that, conversion to clinical applications is
possible.
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New niche
for doped silicon opened up

Irradiated silicon blocks are cut into wafers, from which electronic components are manufactured. ™

/ In order to serve the new growing market for larger
semiconductors, SCK-CEN decided to equip the BR2 reactor

with an additional doping facility: POSEIDON. /

SCK-CEN Highlights 2009 | Research towards a sustainable option « 44



2 POSEIDON is able to dope silicon crystals
with a diameter of up to eight inches.

Environmental and climate awareness are
ensuring aboom in hybrid and electrical
vehicles, and wind farms. All these green
technologies require power electronics, and
thus large high-performance semiconductors.
These semiconductors are best doped using
neutron radiation: it yields more uniform
results than chemical doping. Silicon doping
has been an 1S0-9000 certified activity of
SCK-CEN for years. In the last few years,
SCK+CEN has equipped the BR2 reactor with
an extra facility that allows larger blocks

of crystalline silicon to be produced.

The research centre is thus responding to
aclear demand from the automobile industry.

From 5 to 8 inches

Athermal neutron flux activates silicon-30

to silicon-31, which then decays to phosphorus-31
after a few hours. Phosphorus is one of the
impurities thatincreases the electrical conductivity
of the semiconductor: thisis called doping.
Neutrons enable more uniform doping than
chemical diffusion.

The demand for larger cylindrical ingots of
single-crystal siliconisincreasing with the growth
of the market for hybrid electric vehicles. After

all, larger silicon crystals increase manufacturing
yields and therefore reduce waste, and thus mean
more profitable production. SIDONIE, the existing
installation at SCK-CEN, was not equipped to
produce crystals with adiameter larger than five

inches. In order to serve the new growing market

for larger diameter silicon crystals, SCK-CEN

decided to equip the BR2 reactor with an additional
doping facility: POSEIDON. This is able to dope
silicon crystals with adiameter of up to eightinches.

No extra nuclear fuel

The heart of POSEIDON consists of a graphite
block surrounded by an aluminium box. There are
six channelsinit, in which baskets with silicon
blocks can beirradiated. Itis not placed in the
reactor vessel, but against the wall. Neutrons that
‘escape’ from the reactor vessel are able to pass
through the graphite block and are used for doping.
This arrangement requires an advanced design to
ensure that every silicon crystal receives a uniform
neutron dose. The beauty of thisis that the doping
activity does not affect the reactivity of the
BR2reactor and does not consume any additional
nuclear fuel.

Production at full speed

In addition to the design and installation of
theirradiation system, a complete conversion

of the holder system for the blocks was also
needed. This was required because the dimensions
and weight of the components have increased
markedly, and to give the reactor greater
production quantities.

The apparatus was completely ready at the end

of 2008, and then validated and came into use in
2009.1n 2009 theinstallation operated at five cycles
peryear, for 2010 SCK-CEN expects an additional
production cycle on the request of industry.
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Taking care of
protection against ionising radiation

lonising radiation is not without risks.
SCK-CEN studies the way in which radiation

spreads in the air and water, for example,

and evaluates the impact on man and

the environment. A wide range of situations

are examined: from radioactive substances
of a natural origin, to waste disposal,
operation of nuclear installations

and radiation protection in medicine,

to emergency situations.




Monitoring
of nuclear incidents

No matter how extensive the safety measures
might be in and around nuclear sites,

an incident can never be 100 % ruled out.
SCK<CEN is a specialistin radiological
evaluations, in order to determine the

impact of ionising radiation or a discharge

of radionuclides on man and the environment.
In August 2008 a team of SCK+CEN researchers
participated in the radiological monitoring

of the environment after an incident at the
National Institute of Radio Elements (IRE)

in Fleurus. SCK-CEN also conducted thyroid
gland measurements in the population.

The incident provided useful lessons on
dealing with nuclear emergency situations.

Environmental measurements

In August 2008 a plume of iodine 131 escaped from
the chimney of the IRE in Fleurus. After the incident,
the FANC took samples from the area in which the
Belgian emergency plan was announced. Experts,
including delegates of SCK-CEN, gathered at the
federal crisis centre. Additional measurements
inthe environment were considered necessary
and which, in accordance with the legislation,
were done by SCK-CEN among others. The aim

of the measurements was to determine the
radiological dose to which the population had
been exposed. The researchers took air samples at
certain locations determined by the crisis centre.
The SCK-CEN experts also analysed the soil for
radioactivity. In various locations samples were
taken of among others grass, maize leaves and
lettuce. All these samples were analysed with
gamma spectrometry, a method for determining
radioactivity. The environmental measurements
of SCK-CEN demonstrated that the radioactivity

in the environment was below the intervention
threshold. The measures taken earlier to protect the
population were thus lifted on the basis of these

measurements.

Thyroid gland measurements

In spite of this the Ministry of Public Health wanted
to furtherreassure the population of Fleurus

that theincident would not have any impact on
their health. SCK-CEN and the Université de Liege
(ULg) were given the task of doing thyroid gland
measurements among the local population of
Lambusart, a small village to the northwest of the
IRE site. The aim of thyroid gland measurements

is to assessany increased risk of thyroid cancer

asaresult of exposure toionising radiation.

Nuclear research

in two dimensions

Nuclearresearchis notonly a ‘hard’ positive
science.Whatever the choices are made

in the future, questions on nuclear safety,
radiation protection and waste management
will always remain. Hence SCK-CEN invests
insocial research on subjects such as
sustainable development, risk perception,
communication, ethical aspects of nuclear
energy and non-proliferation. The research
centre aims for transparency and openness,
and encourages critical reflection on nuclear
technology, both in its own organisation

and outside it. Since 1998, SCK-CEN has

been conducting a special programme (PISA
or Programme of Integration of Social Aspects
into Nuclear Research) that is focused on

this social pillar of nuclear research.
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They are especially important for children,
because they are more vulnerable to the effects
of ionising radiation. In total, SCK-CEN did
measurements on nearly 1000 people, in which
preference was given to children and pregnant
women. No signs of contamination were found

inanybody.

Lessons from the incident

With nuclear emergency planning itis not

easy toorganise practical exercises to enable

the emergency plan to be realistically tried
outand adjusted. Emergency plans thus mainly
rely on calculations, models and hypotheses.

The experience with the measurement programme
in Fleurus gave SCK-CEN the opportunity to
evaluate the procedures of the Belgian emergency
plan. Further to the IRE case, SCK-CEN highlighted
anumber of points of improvement for dealing
with nuclear crisis situations. Actively informing
the populationin theirown language during

the measurement programme, an approach
focused on children when they have to undergo

measurements, the prompt calibration and

the capacity of measuring equipment and having

the measurements done by anindependent party
are afew of the mostimportant recommendations
that SCK-CEN made on the policy.

T The aim of thyroid gland measurements is to assess any increased risk
of thyroid cancer as aresult of exposure to ionising radiation.

/ The concerns of surrounding residents of a nuclear site must be
taken seriously. If our work can help answer questions in this respect,

thenitis a good thing. /
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Work on optimum
medical radiation doses

Every day the medical world makes use of
X-rays and radioisotopes. Radiology allows
organs to be visualised, nuclear medicine
diagnoses and treats cancer by injecting
radioisotopes, and radiotherapy uses
ionising radiation for cancer therapy.

The medical world is increasingly mindful

of the risks of ionising radiation that patients
are exposed to during these examinations
and treatments. In 2009 SCK-CEN completed
two research projects that should help
optimise the radiation doses of patients.

Radiation doses for premature babies
under the microscope

Disorders of the bronchial tubes form the greatest
threat during the first months of life of a premature
baby. In this critical period premature babies

often have to undergo many X-rays of their lungs.

As babies, and certainly premature babies, are extra
sensitive toionising radiation, itisimportant to keep
theirradiation dose as low as possible. However,
the radiation dose used to make an image is directly
proportional to the quality of the image. To preserve
the same diagnostic result, the dose must be high
enough. The balance between the radiation dose

on theone hand and the image quality on the other
isthus very important. In the last few years SCK-CEN
has conducted studies that should help optimise
the radiation dose for the lung X-rays of premature
babies.

Innovative models

Inorder to determine the radiation doses in the
lungs of premature babies, SCK-CEN developed
innovative voxel models of premature babies. In this
respect, the researchers used scans (CT and MRI) of
premature babies from the Gasthuisberg University
Hospital (Leuven). These computer models, based
on three-dimensional pixels, consisted of adults
and children, but not yet premature babies.

The SCK-CEN researchers then used the voxel
models in Monte Carlo calculations to determine
the dosesin different organs. Aninnovative feature
of theresearch was that the researchers also looked
attheimage quality of the lung X-rays. The effect

of different settings (voltage, current) and the effect
of filtration were studied. The research showed,
among others, that the use of an extra filter is useful
and that the radiation dose of the lungs themselves
can bereduced by aquarter. Based on the results

of the SCK+CEN research, in 2010 there will be a test
phase at the Gasthuisberg University Hospital.

Skin damage

in intervention radiology

Intervention radiology is a medical treatment
orexamination through a small puncturein the
skin, using needles, feeder lines and catheters,
and conducted under visual control with
radiological techniques. These procedures

are used for pacemakerimplants, angiograms
(theimaging of blood vessels), embolisations, the
fitting of stents, etcetera. With prolonged medical
procedures the skin dose that the patient receives
canincrease sharply, with possible skin damage

The balance between the radiation dose on the one hand
and the image quality on the other is very important.

SCK-CEN Highlights 2009 | Research towards a sustainable option « 50



T Research projects in the field of medical science represent a new application of the SCK+CEN expertise

in the field of radiation protection.

asaresult. Together with the Katholieke Universiteit
Leuven (KUL), the Universiteit Gent (UGent),

the Université de Liege (ULg) and the Vrije
Universiteit Brussel (VUB), SCK-CEN developed
ameasuring method to determine the threshold
levels for skin damage in intervention radiology.
This method helps doctors to monitor patients

after the procedure to determine the seriousness

of the skin damage.

A growing field of research

At SCK-CEN new medical-related research projects
are now in the pipelinein the field of paediatrics
and elsewhere. Alongside the radiological doses
that patients receive, there are also doses that
doctors and nurses are exposed to while they
conduct examinations or treatments, a focus of
SCK-CEN. Such studies contribute to the evaluation

of legally stipulated dose limits for medical staff.

/ During radiological examinations people often undergo a sizeable dose

of ionising radiation. We aim to keep it as low as possible. A first series of

SCK-CEN studies is helping to optimise the doses for the lung examinations

of premature babies and limit skin doses in intervention radiology. /
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Are bacteria
more dangerous in space?

Research at the cutting edge of microbiology, radiation sciences and space travel

With a mission to Mars and a permanent base
on the moon as the ultimate dream, space

travel is continually pushing back the frontiers.

But long space missions present great
challenges for science, for example in the field
of microbiology. Together with the European
Space Agency (ESA), SCK-CEN is studying

the effects of space travel conditions on the
behaviour of bacteria. In 2009 the SCK-CEN
experts completed four innovative research
projects at the cutting edge of microbiology,
radiation sciences and space travel.

Waste recycling in space

Aspace mission to Mars would take around three
years: it would be impossible to take enough
drinkable water and food for such ajourney.

The purification of waste water and the recycling
of waste into food in a closed system such as
aspace stationisamust. Together with ESAand
other European partners, SCK-CEN is working

on biological solutions for recycling water and
producing food. Last yearin Barcelonaa first pilot
project was set up for MELISSA (Micro-Ecological
Life SupportAlternative), a high technology
biological waste recycling system for space
missions developed by ESA together with various
research centres in Belgium and outside. SCK-CEN is
participating in many studies and tests that should
help the further development of this system.

/ Space travel is still struggling with great scientific questions.
Understanding the effect of weightlessness and cosmic radiation
on the behaviour of bacteriain a space capsule will also

determine the success of future space missions. /

MELISSA bacteriain the ISS

The bacteriain the MELISSA system break down
organic material to CO, and minerals, which in turn
form food for plants and micro-algae. These last
two can produce oxygen by photosynthesis and are
also asource of food. Together with the Université
de Mons (UMons), the SCK-CEN experts investigated
whether one of the MELISSA bacteria could fulfil

its breakdown role in space, where they are exposed
toincreased cosmic radiation and weightlessness.
Experimental packages of the bacterium were
sentto theInternational Space Station (ISS).

After theirreturn they were examined in detail.
Inlaboratories on the ground, researchers decoded
the DNA and proteins of the same bacterium.
Inorder to investigate the effects of cosmic
radiation, the bacterium was exposed to different
radiation sources in special test apparatus. They
were also cultured under continual rotation in order
to imitate weightlessness and study the effects of it.

Micropollutants and bacteria

The effects of micropollutants on MELISSA
bacteria were also studied, in cooperation with
the Universiteit Gent (UGent) and VITO (the Flemish
Institution for Technological Research - Vlaamse
Instelling voor Technologisch Onderzoek). The
researchers looked at the effects of anumber of
common micropollutants such as a contraceptive
agent, a biocide and a painkiller. These
micropollutants accumulate in the waste recycling
system and can thus affect the behaviour of the
bacteria. The microbial ecology of one specific
bacterium was charted, and it was demonstrated
thatitcan withstand the expected quantities

of biocides.
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T The MELiSSA bacterium Rhodospirillum rubrum is able to degrade organic matter in the absence of oxygen by obtaining energy from light.

Edible bacteria

Cyanobacteria or blue-green algae are an important
source of food in future space missions. Spirulina
isan example of an edible and nutritious bacterium
that contains many vitamins and minerals. In
space, cosmic radiation can affect the DNA and
metabolism of a bacterium so that its nutritional
value may change. Together with the Université

de Liege (ULg), researchers of SCK-CEN analysed
for the first time the genome of Spirulina. The
effects of different types and doses of radiation
were examined. In a subsequent examination, the
research partners will study the conditions in which
the bacterium best creates the essential amino
acids needed.

Protecting astronauts

Inaclosed atmosphere such as aspace station or
capsule, lots of bacteria are present. Because of the
specific circumstances in such places, the virulence
of bacteriacan change, possibly leading to a higher
risk forinfectious diseasesin astronauts. Together
with the Vrije Universiteit Brussel (VUB), SCK-CEN
investigated the effects of alow shearing stress,
associated with weightlessness, on the common
pathogenic bacterium, Pseudomonas.

The bacterium turned out to be more resistant

to certain stress factors and produce a higher
amount of certain virulence factors. The results
of this and further research are also useful
formedical applications on earth. For example,
for the treatment of mucoviscidosis patients,

for whom the Pseudomanas bacterium causes
stubborn lung infections. In the lung mucus

of muco patients conditions of low shearing
stress occur too. By examining the behaviour

of Pseudomanas under low shearing stress,
therole of this factorin the infection process

can bedetermined. Future research will
demonstrate whether anincrease of the shearing
stressin the lung mucus of mucoviscidosis
patients can reduce the virulence of Pseudomanas
and raise its sensitivity to antibiotics.

All theseresearch projects are part of a wider
field of space travel research at SCK-CEN.

Italso focuses on the effects of cosmic radiation
on plants and the health of the astronauts

themselves.
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cherishing nuclear know-how

SCK-CENis notonly aninstitution where
nuclearresearch is done at the highest
level. Itis alsoa knowledge centre with an

international reputation. The dissemination

of nuclear know-how, the sharing of

expertise and passing on knowledge to

subsequent generations, both in Belgium

and outside, isan important objective.




™ Each year dozens of students take the tailor-made training courses of SCK-CEN

Supervising young researchers

SCK+CEN has given bachelors and masters students
the opportunity to do research inits specialised
laboratories under the supervision of SCK-CEN
experts. Each year around 20 theses are assisted

in thisway.

Moreover since 1992, SCK-CEN has set itself

the objective of supporting around ten PhD
students each year in research that fits in with
the priority programmes of the research centre.
This strengthens the good ties of SCK-CEN

with universities. The students also form a useful

pool of young researchers that SCK-CEN can draw
from when recruiting new employees. Post-doctoral
researchers are also given the opportunity to work
at SCK-CEN for acertain period. Since the start

of this programme, more than 100 young scientists
and engineers at SCK-CEN have found their way
toa PhD. SCK-CEN wants to expand its activities in
this field and thus has cooperation agreements with
FWO (Fonds Wetenschappelijk Onderzoek) and FNRS
(Fonds de la Recherche Scientifique) for example.
There are currently around 35 PhD students working
in the laboratories in Mol.

Every year lots of students and employees who come into daily contact with
applications of ionising radiation, come to SCK-CEN to round off their training.
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Training, the key

to safe nuclear plants

The safe operation and management of nuclear
plants and the performance of innovative research
into sustainable nuclear options stands or falls
with the knowledge and skills of the people behind
these jobs. Hence SCK-CEN pays alot of attention
to the education and training of its own staff.

In addition, SCK-CEN also offers a broad spectrum
of training to outsiders. The target groups are
diverse: the nuclearindustry, the medical and
otherindustries, national and international policy
organisations, the academic world and the general
public. Students and employees who daily, directly
orindirectly,comeinto contact with applications
of ionising radiation, come to SCK-CEN to round
off their training in just about all fields of expertise
of the research centre: radiation protection,
nuclear technology and materials science, safety,
waste management, decommissioning, emergency
planning, etcetera. For example, in 2009 abouta
hundred new employees from GDF SUEZ Belgium

followed a training for two weeks at SCK-CEN in Mol.

Many other professionals took one of the courses
tailor-made for them.

Nuclear lessons on a high level
SCK-CEN is extremely well equipped to
organise training on a high level.

The SCK-CEN team of lecturers is
multidisciplinary and consists of engineers,
physicists, biologists, social scientists

and technically qualified staff, each with
their specific background and knowledge.
The SCK-CEN conference centre has fully
equipped training rooms. The laboratories
and installations are accessible to national
and international students.

/ Disseminating the knowledge

that comes from our R&D and putting
itin the service of society is one

of the fundamental points of the
mission of SCK-CEN. How better

to do this than through training
programmes for young scientists and
professionals who deal with nuclear

applicationsin the widest sense

on adaily basis?” /

Onan academic level, SCK-CEN works together
with universities and colleges. The training
forradiation experts, organised together with
the XI0S and ISIB technical universities and the
IRE in Fleurus, is unique in Belgium. Through the
BNEN (Belgian Nuclear higher Education Network),
apartnership with the Katholieke Universiteit
Leuven (KUL), the Université de Liege (ULg),

the Vrije Universiteit Brussel (VUB) and the
Université Libre Bruxelles (ULB), the Universiteit
Gent (UGent)and the Université Catholique de
Louvain-la-Neuve (UCL), SCK-CEN in Mol organises
amaster’sdegreein nuclearengineering that

has aninternational reputation.
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™ Aconsistent approach to training and education in a European context is becoming increasingly important.

Supporting policy

Aconsistentapproach to training and education
ina European contextis becoming increasingly
important. SCK-CEN contributes to the European
harmonisation of training by actively participating
innetworks and in national and international
programmes. For example, within the European
Framework Programmes, SCK-CEN is playing a
pioneering rolein the ENETRAP projects (European
Network for Education and Training in Radiation
Protection)andithas animportantrolein the
EUTERP platform (European Training and Education
in Radiation Protection Platform). Both are aimed
at harmonising and optimising European training
inradiation protection. Through these networks,
SCK+CEN advises the European Commission on

the revision of the Basic Safety Standards and
amendments to European legislation on radiation
protection.

SCK-CEN also plays an enthusiasticrolein the
European network ENEN (European Nuclear
Education Network). This network brings all large
academicinstitutions and training centres for
nuclearengineering together and aims to preserve
and further develop nuclear know-how in Europe.

Nuclear training plus

To understand the benefits and risks of radioactivity
requires an understanding of the scientific

and technical aspects of nuclear physics.
Butagoodinsight and feel for the societal, ethical
and philosophical aspects of the applications

of radioactivity are also essential. Together

with the academic sector, SCK-CEN researches

how a transdisciplinary approach to training

and education programmes can be builtin.

SCK-CEN also has a lot of experience in organising
the involvement and participation of the general
publicin nuclear topics. The research centre
organises round tables, workshops and focus groups
with schools and local communities on subjects
such as the medical applications of radioactivity,
(nuclear)energy policy,and the management

of radioactive waste.
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General

annual overview 2009

Internal Service for Prevention

and Protection at Work

SCK-CENisaclass Acompany according to the
Health and Safety Act, hence the requirement

to have an Internal Service for Prevention and
Protection at Work (ISPPW). The main roles of

this are health and safety at work, ergonomics,
medical monitoring, environmental impact,
sociopsychological factors and harassment at
work. In addition SCK-CEN is also a class 1 company
according to the ARBIS Act on protection against
the hazards of ionising radiation. Hence a physical
inspection department has beenincorporated into
the ISPPW. This department supervises the use of
equipment, installations and products that generate
ionising radiation or contain ionising sources.

In the framework of these legal requirements,

the ISPPW assesses the safety of the installations.
The department gives its expert opinion when
new experiments are set up in SCK-CEN or new
installations are brought into use. The ISPPW

also checks the safety of employees (internal

and external)and the possible impact on the
environment. The supervision of the proper
functioning of the physical inspection department
isdone by BelV, the inspection body of the FANC.

The ISPPW is also responsible for coordinating
protection and emergency plan exercises on the
SCK-CEN site.In 2009 a successful protection
exercise was held to test the resilience of the site

to malicious operations. The emphasis here lay

on coordination, harmonisation and cooperation
between SCK-CEN, the FANC, and the local and
federal police departments. In addition, an exercise
of the internal emergency plan and the interaction
with the federal authorities was organised in 2009.

This emergency plan exercise is part of the periodic
teststhat are legally required for every nuclear site.

In addition to these legal requirements, the
ISPPW makes its extensive safety expertise
available, both within SCK-CEN and outside.

The continual training of staff on radiation
protection, legislation and practical aspects

of safety form part of its responsibilities.

The ISPPW is also actively involved in the academic
training and practical courses that SCK-CEN
organises. In partnership with national and
international bodies, the ISPPW plays an essential
role on account of its expertise and know-how.

SCK<CEN invests

in competence management

Skills are crucial for aresearch centre such as
SCK-CEN.The Centre now systematically charts

all skills, knowledge and qualifications that it

hasin house. By investing in skills management,
SCK-CEN aims to recognise, develop and deploy

the capabilities, qualifications and qualities of its
employees, according to both the organisational
objectives and their personal desires and ambitions.

Skills management is a means of putting the right
peopleintheright place, preparing the organisation
for changes (e.g. reorganisation as a result of
MYRRHA), allowing older employees to develop,
keeping valuable employees and recruiting new
employees.

SCK-CEN also pays full attention to knowledge
management within the organisation. One of

the projects is the development of a document
management system. In 2009 SCK-CEN had a study
done in this respect that mapped out the different
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types of documents and the processes linked

to them. This analysis exposed a number

of strengths, but also a number of weaknesses,

that the organisation will now deal with one by one.
The strategy consists of optimising the business
processes, making the information individually
available through a user-friendly platform, and
managing the information for its full lifecycle.

Inthe first stage, SCK-CEN defined ten environments.

For the first environment, the project management,
the aimis todo afirst testin 2010.

Via SAP to an even more

effective SCK-CEN

Lastyear SCK-CEN introduced an SAP system to
improve its business processes. This is an integrated
information and management system in which

all business-related processes are recorded and
managed. The system was prepared and started

in 2009 on the 650 PC’s of SCK+-CEN, which required
some effort of the entire organisation. In the next
few years the SAP system will be further developed
and optimised.

Quality management:

the QA system re-examined

As aresearch organisation, SCK-CEN attaches
agreatdeal of importance to quality assurance
(QA). An extensive quality manual, specific training
for the SCK+-CEN staff, and rigorous controls through
internal and external audits ensure that the
services and products of SCK-CEN are of a high
quality.

In 2009, the management of SCK-CEN took the
initiative to examine the extent to which the existing
quality assurance system could be simplified.

In addition, SCK-CEN is also looking for a wider

application of the quality assurance principles
throughout the organisation. The potential to
integrate the care for quality, safety (at work) and
the environmentinto one single management
system is also being examined.

Renovation of the SCK-CEN buildings
gets going

The buildings of the SCK-CEN site in Mol date
from the 1950’s and 1960°s. Thus in 2008, SCK-CEN
embarked on alarge-scale renovation programme
to modify the buildings according to the modern
requirements on comfort, energy performance
and insulation. The renovation plans take account
of the specificities of the SCK-CEN buildings.

After all, they have long since gained a place in the

industrial heritage of the region.

The renovation will be donein a number of stages.
The conversion of the BR2 building began in 2009.

In addition to redoing the plumbing, the entrance

is being renovated, the corridor on the first floor
arranged as a permanent exhibition corridor,

and thereis a projection room. The renovation

of the main workplace (HWP) has been on-going
since last year. Part of this building is being given
afacelift. The front facade has been renovated

and the outer shell has been completely replaced.
Works are also planned for inside the HWP
building. The building will be renovated inside with
acompletely new layout and with extra ventilation.
The conversion of the BR1 building was outsourced
in 2009 and will be done in two phases. In 2010-2011,
the VENUS and the right wing will be renovated; in
2015-2016 it will be the turn of the nave. The building
will be stripped and renovated. The renovation
programme also includes a schedule for the
renovation of the other buildings (the buildings
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of the medical department (GKD), technology
(TCH), and chemistry (SCH)) in a subsequent phase.
The renovations should be complete by 2020.

Income and expenditure account

Expenditure
Remuneration
Purchases, services
Depreciation
Other costs

Income
Sales
Grants
Other operating income
Financialincome
Extraordinary income

Results carried over as at 31.12

Books 1 @
Articles in proceedings 85 @
Journals 124 ©
Presentations 378 @
Reports 231 ©
Scientific output 2009

Inaresearch centre such as SCK-CEN, scientific
output plays animportantrole. Adatabase
specifically developed for this area handles,
among others, the centralisation, dissemination
and archiving of information. The scientific output
includes all publications about the projects and
activities of SCK-CEN, against which the visibility
and scientific value of our research can be
measured. The non-confidential publications

are available to researchers and the general public
via the Institutional Repository on the SCK-CEN
website.

The above diagram shows, for each medium,
the amount of scientific publications that were
written by SCK-CEN about the different research
projectsin 2009.

2008 2009
50.322 55.732
36.206 33.389

5307 7.456

373 473
33.642 36.968
45.549 44.384
16.582 14.543

2.925 1.852

145 240

5.635 937
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The year 2009 ended as predicted:

Sales around EUR 100 m (EUR 95.9 m).

Net Federal endowments weredown at EUR1.2 m

Own income was up.

Operating resultis positive, at EUR 0.938,
compared with EUR 6.635m in 2008.

Gross human resource costs were higher than
predicted originally, the increase of 11% over
2008 isduetotheincreasein staff numbers
(5.2%),indexation at 2.5% and miscellaneous
factors such as applying classification rules to
management and salaried staff, promotions and
other social costs (3.7 %). These increasing costs

were made up for by an increase in own income.

The federal government’s action to reduce the
advance business tax for researchers has had
amajorimpact onourincome (up EUR 1.2 m
compared with 2008). This saving on real costs has
enabled us toincrease our scientific potential by

5%, in line with the intentions of this legislation.

The financial crisis led to interest on provisions
invested falling considerably (-EUR 1.1 m).

- Work carried out in the context of technical
liabilities was less prominent: billing was down
EUR 3.7 mon 2008. Other operating income was up
EUR 3.3 mon 2008.

- Investment levels have risen dramatically since
2008 compared with previous years, passing
the EUR 10 m mark. As well as investing in our
laboratories as is customary, we have started
ascheme to renovate our entire building stock,
which will run until 2020.

The main eventin 2009 and the opening months
of 2010 was the federal government approving
the MYRRHA project. In the course of this approval,
the project was submitted for approval to an
international group of experts, the MYRRHA
International Review Team (MIRT). This evaluation
was requested by the OECD and the Belgian
Minister of Climate and Energy. The Belgian
government has made a long-term commitment
worth EUR 386 m, which is 40 % of the estimated
investment. The federal budget includes

afigure of EUR 60 m, to be spread over a

five-year period.

This new phase of SCK-CEN’s existence will involve
some major changes: the management agreement

and strategic plan have to be reviewed.
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Summary of social balance sheet 2009

Number of staff as at 31.12.2009 Full-time Part-time FTEs
Total 564 81 618,0
On indefinite contracts 537 80 590,6
Men 459 48 489,7
Women 105 33 128,3
Number of employees hired 81 1 81,6
Number of employees retired 56 9 61,7
Average number of employees 560 84 614,0

Income and expenditure account 2009 (EUR 000s)

Income
Sales 36968 @
Federal endowments, capital subsidies 44384 @
Other 14.543 o
Financial income 1852 @
Extraordinary income 240 ©
Expenditure
Remuneration 55732 @
Purchases, services 33389 @
Provisions 473 @
Depreciation 7456
Result 937
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Balance sheet (EUR000s)
Assets

Intangible fixed assets

Tangible fixed assets

Financial fixed assets

Ordersin course of performance

Receivables at up to one year

Cashinvestments

Liquid funds

Deferred items

Liabilities
Equity assets
Provision for risks and costs
Liabilities at over one year
Financial liabilities
Trade creditors
Prepayments received

Tax, remuneration and social security

Other liabilities
Deferred items

31.12.08
373
23.013
5.857
19.765
15.198
84.997
1374
1172

31.12.08
42.976
75.279

0

0
12.647
12.293
8.366
116

72

Income and expenditure account (EUR000s)

Income
Operating income
Financialincome
Extraordinary income

Costs

Remuneration and social security

Merchandise

Services and miscellaneous goods

Valuation adjustments
Provision for risks and costs
Depreciation

Financial costs

Tax

Other operating costs
Extraordinary costs

Results
Results this financial year
Transfers to specified funds
Result carried over as at 31.12

2008
95.773
2.925
145

2008
50.322
2.272
28.204

5.560
5.307
28

0

373
142

2008
6.635
(1.000)
5.635
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31.12.09
1177
25179
5.857
14179
22,630
72120
5.626
867

31.12.09
41.774
77.945

0

0
8.465
11.918
7.488
39

2009
95.895
1.852
240

2009
55.732
3.103
27.205

2.666

7.456

333

473

77

2009

938

938
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