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The year 2010 was a real turning point for 
SCK•CEN. The fact that the federal government 
gave its blessing to MYRRHA is certainly a mile-
stone for research into the new generation 
of nuclear reactors. It’s great news that once 
again one of the hallmarks of international 
nuclear research will be located at SCK•CEN. 
Our mission is to actively search for answers 
to the question of whether nuclear science 
can provide sustainable solutions for the ma-
jor issues of today and tomorrow. MYRRHA will 
undoubtedly play a major role in the quest for 
revolutionary nuclear systems that allow fuel 
to be used more efficiently and that generate 
less (toxic) waste. With this project, SCK•CEN 
makes a contribution to the fight against global 
warming and to securing our energy supply.

No wonder that this project will also reap in-
ternational recognition. MYRRHA was selected 
as one of the most promising nuclear technolo-
gies in the European Sustainable Nuclear Indus-
trial Initiative (ESNII) and received a prominent 
place in the list of priority research facilities 
of the European Strategy Forum on Research 
Infrastructures (ESFRI). For SCK•CEN and its 
employees, it is the culmination of extensive 
research efforts in recent years. Now it is time 
to find answers to the outstanding R&D issues, 
to perfect the detailed engineering and to seek 
additional financing. We will devote ourselves 
to these challenges in the coming years with 
the same sustained commitment.

From the economic point of view, MYRRHA of-
fers many opportunities: the project gives our 
knowledge economy a boost and creates a large 
number of new highly qualified jobs. Thanks to 
MYRRHA, SCK•CEN could fill 38 new vacancies in 
2010. In 2011, we will once again need to find 12 
new employees. The MYRRHA team will form a 
new entity within SCK•CEN, but not without links 
to the rest of the organisation. On the contrary: 
MYRRHA requires teamwork at the highest level: 
design experts, materials specialists, nuclear fuel 
experts, system engineers, etc. working closely 
together to resolve technical issues. More than 
ever, this creates a unique interaction between 
the various SCK•CEN institutes.

Safe reactors that are also operated cost-effec-
tive and sustainably, are the focus of the ma-
terials and nuclear fuel research at SCK•CEN. 
The BR2 research reactor has been critical for 
almost fifty years now, but that certainly does 
not mean that it is outdated. In recent years we 
have taken a lot of measures to ensure the safe 
and efficient operation of BR2. This ensures that 
BR2 remains a high-tech reactor that keeps pace 
with the times, until the moment it passes the 
torch to MYRRHA. This also ensures the impor-
tant production functions of the reactor – the 
production of medical radioisotopes and doped 
silicon.

A research area that is increasingly gaining 
importance worldwide and in which SCK•CEN 

MYRRHA, a new start
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Foreword

5

also invests heavily, is that of radiation protec-
tion in many fields. Our constant social con-
cern in the field of ionising radiation is seen in 
our numerous investigations in the field of ra-
dio-ecology, radiobiology. We also focus on the 
social and ethical implications of nuclear tech-
nologies. With our focus on sustainable devel-
opment, risk perception, non-proliferation and 
supra-generation ethics, we want to promote 
critical thinking about nuclear technology. 
To say nothing of our efforts in training and 
communication. SCK•CEN participates not 
only in many European and international train-
ing projects, but is often the chief contributor.

The knowledge that we develop at SCK•CEN is 
unique. We are investing heavily in knowledge 
and document management in order to ensure 
that today’s scientific research will yield ben-
efits tomorrow as well.  Here again, MYRRHA is 
an important test case.

Nuclear science has much to offer society: 
we prove that daily at SCK•CEN. Our research 
comes in all shapes and sizes. Whether it is a 
sample project like MYRRHA, an internation-
ally renowned monitoring programme for nu-
clear power plants, state-of-the-art research 
into low-enriched fuel, a sustained radiologi-
cal monitoring programme in the whole of 
Belgium, or a study that closely monitors the 
radiation dose in newborns: research towards a 
sustainable option is guaranteed at SCK•CEN. 

I want to thank all our employees for their con-
tribution to this mission.

Happy reading.

Eric van Walle
Director General SCK•CEN
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> organisation

A firm footing in society

The Belgian Nuclear Research Centre, SCK•CEN, has 

been a pioneer in the nuclear world from the time 

that it was founded as a research centre in 1952. 

With its advanced facilities, extensive scientific 

background and unique expertise, SCK•CEN carries 

out ground-breaking work in the field of nuclear 

science and technology. With laboratories in Mol 

and its head office in Brussels, SCK•CEN is one of 

the largest research centres in Belgium. More than 

650 employees strive each day to develop sustain-

able industrial and medical applications of ionising 

radiation. 

The experts at SCK•CEN conduct basic and applied 

research, and make technological development and 

innovation their life’s work. Socially important nu-

clear issues of today and tomorrow, form the focal 

point in this regard. Thus SCK•CEN contributes to 

achieving the safety and efficiency of Belgian nu-

clear reactors – and also exports its expertise in this 

field to other countries. SCK•CEN sets the pace in 

the search for new low-carbon energy technologies 

that make the difference in times of climate change. 

The experts of SCK•CEN are simultaneously looking 

for new sustainable solutions to store radioactive 

waste and dismantle nuclear installations. In all of 

this, we also ensure that people and the environ-

ment are protected from ionising radiation. 

The research and technological developments of 

SCK•CEN are also relevant from an international 

perspective. The research centre is an active partner 

in a global network of research institutes and is in-

ternationally recognised as a progressive knowledge 

institute and a training centre par excellence.

Organisation
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Four institutes, one mission

SCK•CEN has three scientific institutes:

• The Institute for Nuclear Materials Sciences 

studies the structural materials and nuclear fu-

els of existing and future nuclear systems. 

• The Institute for Advanced Nuclear Systems 

develops technological and economic knowl-

edge concerning innovative nuclear reactors, 

and thereby supports the nuclear industry and 

government at the national and international 

level. 

•  The Institute for Environment, Health and Safe-

ty helps ensure the safety and protection of man 

and environment when using radioactivity and 

all types of applications of ionising radiation. 

•  The scientific institutes are supported by the 

Institute for Communication, General Services 

and Administration, which coordinates per-

sonnel matters, communication and training 

activities, among other things. The Business 

Support Service is responsible for pricing, rate-

fixing and marketing, managing tenders and 

contracts, providing legal advice, organising 

and protecting knowledge, and coordinating 

quality management within SCK•CEN. The four 

institutes of SCK•CEN work together with a sin-

gle mission: research towards a sustainable op-

tion.

MYRRHA as a new addition to 
the organisational structure

With MYRRHA, SCK•CEN again has a multidiscipli-

nary and globally unique research infrastructure 

under its wing. MYRRHA will play a leading role in 

cutting-edge materials research, necessary for the 

development of the energy systems of tomorrow. 

The installation will enable the formulation of an-

swers to future challenges, for example, the han-

dling of radioactive waste, the supply of medicine 

with medical radioisotopes, and the production of 

doped silicon for renewable energy applications. 

The MYRRHA Management Team (MMT) was set 

up within SCK•CEN in 2010, and is responsible for 

the day-to-day management and monitoring of 

the MYRRHA project. The creation of a separate 

management structure was important in order to 

streamline all activities and processes relating to 

MYRRHA. MYRRHA is a comprehensive, multidisci-

plinary and complex project in which researchers 

from different institutes collaborate: chemists, 

physicists and electromechanical technologists, 

materials experts, etc. 

The MMT is not a new technology institute, but, 

like the Internal Service for Prevention and Pro-

tection at Work and the External Medical Surveil-

lance, is an umbrella and supporting body within 

the organisation. 

Advanced Nuclear Systems
Environment, 

Health and Safety

Communication, General 

Services, Administration
Nuclear Materials Sciences

Internal Service for Prevention and Protection

at Work

MYRRHA Management Team

External Medical Surveillance

Business Support Unit

General Management
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> organisation

In the dossier about MYRRHA, from p.12 onwards, 

you can read all about this milestone for SCK•CEN.

New Scientific Council  

The Scientific Council (WAC) advises the Board of 

Governors and the Management Committee of 

SCK•CEN. The mission of the Scientific Council 

is to provide recommendations on the technical-

scientific and social relevance of the research, and 

to monitor the quality of the research. The Council 

also has an important advisory role on education 

and training, communication, networking and 

valorisation. The main objective of the Scientific 

Council is to develop, evaluate and correct the 

short- and long-term strategy of SCK•CEN. 

The composition of the Scientific Council was 

revised at the end of 2010. The new mandates 

(01/01/2011 to 31/12/2012) came into force with 

effect from the 1st of January. 

Composition: 

Chairman: Prof. em. Michel Giot

Scientific 

Secretary:  Dr. Pierre D’hondt

Members: Prof. em. dr. Yvan Bruynseraede

 Prof. em. dr. Frank Deconinck

 Prof. em. ir. Chris Huyskens

 Prof. André Luxen

 Prof. dr. Alex C. Mueller

 Prof. dr. Thomas Pardoen

 Prof. dr. ir. Guido Van Oost

 Prof. em. Patrick Van Oostveldt

 Ir. Jean Van Vliet

 Prof. dr. Eric van Walle

9
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> chapter 1

1. New-generation reactors 
under development 

The latest nuclear reactors have a lot in store for the future. Thus, nuclear technology 

can make an important contribution to the fight against global warming. SCK•CEN 

assists in the development of innovative technologies to make nuclear reactors a 

more sustainable option: safe and with less (harmful) radioactive waste.   

11
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	 MYRRHA	was	selected	one	of	the	three	most	promising	sustainable	
nuclear	technologies.

After Belgium, 
a European recognition

The Belgian government’s green light to MYRRHA in 

2010 was one of the major milestones for SCK•CEN. In 

the years to come, a research team will look for answers 

to unresolved scientific and technological issues, and 

will finalise the design of this cutting-edge research re-

actor. Last year, MYRRHA received wide recognition at 

the international level as well. MYRRHA was selected 

as one of the most promising nuclear technologies in 

the European Sustainable Nuclear Industrial Initiative 

(ESNII) and received a prominent place in the list of pri-

ority research facilities of the European Strategy Forum 

on Research Infrastructures (ESFRI).

MYRRHA successfully launched 

MYRRHA (Multi-purpose hYbrid Research Reactor for High-tech Ap-

plications) is a high-tech nuclear research reactor, and will be the 

world’s first to be powered by a particle accelerator. This innova-

tive technology, based on the use of fast neutrons, makes more effi-

cient use of uranium as a nuclear fuel, and generates less radiotoxic 

waste. The new type of reactor must help find solutions to impor-

tant social concerns. Thus MYRRHA will play a key role in the scien-

tific quest for subcritical – and therefore safer – nuclear reactors. It 

will also enable research into transmutation – a technology that, in 

theory, can reduce the amount and the radiotoxicity of radioactive 

waste. This will reduce the storage time for radioactive waste from 

several hundred thousand years to less than 1000 years. 

Research and production

MYRRHA will primarily fulfil a research function: as a fast-spectrum 

irradiation reactor, MYRRHA will be used to test innovative ma-

terials and nuclear fuels. The reactor is therefore also an impor-

tant test facility for the nuclear energy systems of the future: the 

‘fourth-generation’ reactors. 

The plant will also help ensure a continuous supply of medical 

radioisotopes and the production of doped silicon, which is also a 

component in electronic applications in green-energy technology. 

BR2 has fulfilled these two production functions for many years, 

but the reactor will gradually have to be phased out. 
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Future	location	of	MYRRHA	on	the	SCK•CEN	technical	site	in	Mol.

Green light from the government

The Belgian government last year gave the green light to MYRRHA, 

which is a good interim result for SCK•CEN. Several experts have 

worked on the design of reactor over the last twelve years. There 

was need for additional funding to further elaborate the design. 

On 4th March, 2010, the Belgian government announced its sup-

port for the project and allocated sixty million for the first five-

year design phase. In taking this decision, the government relied 

on the expert opinion of an international team of independent 

experts: the MIRT (MYRRHA International Review Team), which 

was established under the auspices of the Nuclear Energy Agency 

of the OECD.

SCK•CEN was commissioned to work out the design of MYRRHA in 

detail over the next five years, to obtain the Permits, and to set up 

a modified R&D programme. SCK•CEN also has to bring together 

an international consortium, and has to find a second financing 

tranche of 40%. If all these conditions are met, the government 

shall agree to construct MYRRHA from 2016, and promises to bear 

40% of the estimated cost of 960 million Euros. The target is to 

commission the reactor in 2023. At that time, MYRRHA will replace 

the BR2 reactor. 

SET-plan

MYRRHA has earned wide acceptance not only domestically but also 

at the European level. Thus the SNETP (Sustainable Nuclear Energy 

Technology Platform) selected MYRRHA as one of the three most 

promising sustainable nuclear technologies in ESNII. This decision 

ties in with the SET-Plan (Strategic Energy Technology Plan), a stra-

tegic plan of the European Commission to accelerate the develop-

ment of low-carbon energy technologies. These technologies play an 

important role in the fight against global warming and help ensure a 

safe and independent energy supply for Europe. 

Three fission reactors are on the shortlist: MYRRHA (works on the 

basis of a lead-bismuth alloy), ASTRID (with sodium as coolant) and 

ALLEGRO (based on gas). MYRRHA will also act as a research platform 

for ASTRID and ALLEGRO, for the development of nuclear fuel and 

materials for these new-generation reactors.

Priority project  

MYRRHA has recently come to the attention of the ESFRI. This Euro-

pean forum was looking for high-priority European research facili-

ties, to keep Europe at the forefront of scientific research for the 
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“The green light by our government, and 
the international recognition of MYRRHA 
are for SCK•CEN and its staff the culmina-
tion of extensive research efforts in recent 
years. Resolving the remaining R&D issues, 
detailed engineering and seeking additional 
funding, are major challenges for today and 
tomorrow.”  

Hamid Aït Abderrahim

next ten to twenty years. The result was a list of fifty projects – rang-

ing from new research infrastructures to major upgrades of existing 

facilities. MYRRHA was assigned a prominent place on the list.

SCK•CEN has also made its mark on the European scene with 

ISOL@MYRRHA. This is an irradiation facility that uses the MYRRHA 

particle accelerator, which SCK•CEN researchers will use to con-

duct fundamental research into radioactive ion beams in collabora-

tion with Belgian universities. NuPECC (Nuclear Physics European 

Collaboration Committee), an expert committee of the European 

Science Foundation, has included ISOL@MYRRHA in its roadmap of 

research facilities that are required in order to continue to play a 

leading role in nuclear physics. 

Worldwide interest

Already, many countries have shown an interest in MYRRHA. Nego-

tiations have begun with China, South Korea, Kazakhstan, Germany 

and Italy on how and at what level these countries can participate 

in the project. In October 2010, SCK•CEN and the Chinese Academy 

of Sciences signed a cooperation agreement for nuclear research 

for peaceful purposes, in the presence of Chinese and Belgian 

Prime Ministers. China sees MYRRHA as a research infrastructure 

that offers a solution to handle its radioactive waste. 

A Memorandum of Understanding (MoU) for sharing expertise 

was signed by the Kazakh National Nuclear Centre, Kazatomprom 

and SCK•CEN in the autumn, in the presence of the President of 

Kazakhstan. For 2011, SCK•CEN plans to have even more new MoUs.
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GUINEVERE paves the ground for MYRRHA

First demonstration of ADS from the start

4th March 2010 was not merely the day on which the 

Belgian government promised to provide official sup-

port to MYRRHA. It was also the date of the official 

inauguration of GUINEVERE. GUINEVERE is the first im-

portant experimental step towards realising MYRRHA. 

With the GUINEVERE project, a whole new class of nu-

clear systems driven by a particle accelerator is being 

demonstrated for the first time at  SCK•CEN’s technical 

site. This realisation was also a world first.

MYRRHA will also introduce breakthrough technologies as a highly 

advanced research reactor. Before these innovations can actually 

be implemented in the reactor, experiments are needed to demon-

strate their feasibility. That is precisely what GUINEVERE (Genera-

tor of Uninterrupted Intense NEutrons at the lead VEnus Reactor) is 

intended for – a low-power reactor experiment to demonstrate the 

technological innovations of MYRRHA. 

ADS

A specific aspect of the MYRRHA technology is that a particle ac-

celerator, as an external source of neutrons, maintains the chain 

reaction, through nuclear fission. We also speak of ADS, or Accel-

erator Driven System. ADS offers major safety advantages: the (sub-

critical) nuclear reactor also stops automatically when the particle 

		With	GUINEVERE,	SCK•CEN	researchers	wish	to	validate	the	method	for	measuring	sub-criticality.
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GUINEVERE inaugurated

SCK•CEN officially launched GUINEVERE on Thursday, 4th March 

2010. The event was attended by Paul Magnette, Federal Minister 

for Climate and Energy and Guardian Minister of SCK•CEN, and Sab-

ine Laruelle, Federal Minister for SMEs, Self-Employed, Agriculture 

and Science Policy. 

The inauguration of this Belgian global premiere was attended 

by over 150 people, including renowned scientists, entrepreneurs 

and captains of industry. The inauguration coincided with the deci-

sion of the Belgian government to sanction 384 million Euros for 

MYRRHA, to be released over the next ten years. With the start of 

GUINEVERE, SCK•CEN has written the first chapter of the MYRRHA 

story, after years of preparation. More high achievements will un-

doubtedly follow in the years to come. 

“With the results of the GUINEVERE ex-
periments, we will be in a position to lo-
wer safety margins for MYRRHA. That is 
a huge step forward for the optimisation 
of the MYRRHA design.”

Peter Baeten

accelerator is switched off. Demonstrating the feasibility of the ADS 

technology is an important objective of MYRRHA, and GUINEVERE 

has taken the first step towards this. The state of sub-criticality is 

essential for the safety of this type of reactor. With GUINEVERE, 

SCK•CEN researchers want to validate the measuring method for 

sub-criticality, for later use in MYRRHA.

The researchers want to use ADS to study transmutation in the 

MYRRHA reactor. This refers to the fission of long-lived elements in 

radioactive waste into shorter-lived elements. This should reduce 

the life of waste by a factor of 1000. 

 

Zero capacity

The second part of the research objective of GUINEVERE is the ex-

perimental study of lead-cooled reactor technology (Lead Fast Re-

actor or LFR) that will be introduced in MYRRHA. In order to make 

these experiments possible, the experts of SCK•CEN have con-

verted the VENUS reactor (Vulcain Experimental NUclear Study) to 

a zero capacity LFR (VENUS-F). GUINEVERE will make possible the 

experimental validation of the calculated neutron codes (which re-

flect the distribution of neutrons in the reactor), through the char-

acterisation of the unique core (consisting of lead and uranium). 

The MYRRHA designers, who are further refining the design, will 

use the results of these experiments to lower the safety margins 

previously applied. That is a huge step forward for the optimisa-

tion of the MYRRHA design.

International project

In a high-level technological research project like GUINEVERE, 

SCK•CEN works closely with international partners. The VENUS-F 

reactor was coupled to an accelerator (GENEPI-3C), built by the 

French CNRS (Centre National de la Recherche Scientifique) and 

transported to Mol in 2009. The CEA (Commissariat à l’Energie 

Atomique) also plays an important role in GUINEVERE: this knowl-

edge centre provides nuclear fuel and is responsible for the design 

of the facility.

GUINEVERE is a European project within IP EUROTRANS, which 

in turn fits into the Sixth Framework Programme of Euratom 

(European Atomic Energy Community). IP EUROTRANS combines 

research projects with a view to further developing ADS technology. 

The purpose of this programme is to reduce nuclear waste and its 

radiotoxicity. The successor of GUINEVERE is now also known: the 

ADS technology will be further developed in the Seventh Framework 

Project FREYA, which will continue until 2014.

From critical to sub-critical

In early 2010, the FANC (Federal Agency for Nuclear Control) grant-

ed SCK•CEN permission to build and operate GUINEVERE. The ex-

perts then tested the non-nuclear part of the reactor for a whole 

year: the ventilation system, the monitoring system, the particle 

accelerator, etc. The reactor was started in February 2011 in the 

critical mode. The reactor will be linked to the accelerator after a 

series of tests in this mode: it will then switch over to the sub-crit-

ical mode. This also marks the beginning of truly unprecedented 

work.

Paul	Magnette,	the	minister	in	charge	of	SCK•CEN,	and	Sabine	Laruelle,	
Minister	of	Science	Policy,	were	present	at	the	inauguration.

The	VENUS-F	reactor	was	started	in	the	critical	mode	in	February	2011.
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Towards a lead-cooled fast reactor for Europe

MYRRHA, the first major step 
towards the industrial prototype
Fission has an important place within the European plan 

to accelerate the development of low-carbon energy 

technologies. Europe is committed to the further deve-

lopment of three types of nuclear reactors, one of which 

is the lead-cooled fast reactor (Lead Fast Reactor or LFR). 

MYRRHA, as an ETPP (European Technology Pilot Plant), 

is an important link in the process of developing the first 

industrial prototype. However, preparations also need 

to be made for the subsequent steps, and that is the first 

objective of the LEADER project (Lead-cooled European 

Advanced DEmonstration Reactor), which was launched 

in April 2010.

Fast reactors such as the lead-cooled fast reactor, offer many ad-

vantages. First, they multiply the useful utilisation of uranium by 

a factor of 50 to 100, and thereby ensure power generation from 

nuclear power for the long term. LFR reactors also make a major 

contribution to significantly reducing the quantity and longevity of 

the long-lived radioactive waste produced.

ALFRED

Within the Seventh Framework Programme, SCK•CEN works on 

the LEADER project in a consortium with European partners, coor-

dinated by the Italian industrial group Ansaldo. The initial aim of 

this project is to develop a demonstration unit of the LFR. ALFRED, 

with an electrical capacity of 100 MW, will be connected to the 

mains network. The reactor will be built between 2020 and 2025, 

with substantial support from industrial partners, with Empresa-

rios Agrupados of Spain, in addition to Ansaldo. With LEADER, work 

is also being carried out on the design of a prototype (600 MW 

electric power) of the commercial LFR reactor of the future. 

LEADER is building on the Sixth Framework Project ELSY, and is 

closely linked to other European research projects in materials 

technology, ADS systems and fast reactors. 

Lead as coolant

The lead-cooled fast reactor, originally used only in Russian mili-

tary submarines, has a number of distinct advantages that make 

it a suitable candidate for sustainable nuclear energy supply. Like 

other metal-cooled reactors, the lead-cooled reactor does not have 

to be kept under pressure, which makes it a lot safer, and allows 

a higher power density, thereby increasing efficiency and reducing 

waste. In addition, lead, in comparison to other liquid metals such 

as sodium, does not have any strong chemical reactions with water 

or air. Finally, lead offers strong protection against gamma rays – 

which is a major advantage.

Due to the high boiling point (1755 °C), the lead reactor has a very 

high thermal efficiency and makes possible specific high-tempera-
			The	SET	Plan	is	a	strategic	plan	of	the	European	Commission	to	accele-

rate	the	development	of	low-carbon	energy	technologies.	
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“SCK•CEN is collaborating within a 
broad consortium of European partners 
to demonstrate the concept of the lead-
cooled fast reactor. The next step is an 
operational demonstrator that must 
prove the sustainability of the technology.” 

Didier De Bruyn
Peter Baeten

ture applications, including direct hydrogen production. However, 

the high melting point (320 °C) leads to extreme conditions inside 

the reactor. The development of reactor materials that will con-

tinue to perform under these temperature conditions is not evident 

and will also require time. 

From lead-bismuth to lead

The melting point of lead can be lowered by alloying it with bis-

muth. This will enable the lowering of materials technology re-

quirements. For this reason, cooling with this more easily workable 

alloy is used in the development of the lead-cooled reactor in the 

‘intermediate’ MYRRHA. 

However, lead-bismuth is not an end technology: bismuth is ex-

pensive and not sufficiently abundant to also equip a fleet of com-

mercial reactors. The technological step from lead-bismuth to lead 

must be completed before it is possible to construct a LFR proto-

type. That is the challenge for the demonstration reactor ALFRED 

in the LEADER project. 

 

ALFRED en MYRRHA

ALFRED has another important demonstration objective. The reactor 

must also demonstrate that the innovative structural materials and 

new nuclear fuels are capable of sustaining high neutron fluxes and 

temperatures. Meanwhile, MYRRHA will conduct state-of-the-art 

research on innovative materials and coatings. That should make 

working with lead possible at a later stage. MYRRHA therefore pro-

vides an indispensable scientific input for the further development 

and demonstration of LFR technology.

		The	step	from	lead-bismuth	to	lead	is	the	major	challenge	for	ALFRED.
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Qualification of materials for MYRRHA

SCK•CEN institutes combine expertise

A major R&D programme is linked to MYRRHA. It aims to 

further investigate the technological challenges in the 

design of the reactor between 2010 and 2014. Material 

qualification is therefore quite a big challenge. The materi-

als specialists at SCK•CEN are looking for an answer to the 

question of how MYRRHA materials will behave under the 

demanding conditions inherent in the reactor.  

The right choice of materials for the various reactor components 

is, along with the functional design, the final link in the safe op-

eration of any nuclear facility. Extreme conditions occur in the 

MYRRHA reactor, which will demand the utmost from the materi-

als used in the reactor. Apart from the effect of continuous irradia-

tion, the temperature, which can reach up to 500 °C, severely tests 

the materials. The highly aggressive chemical environment in the 

cooling circuit is specific to MYRRHA and has never been used in 

peaceful applications earlier. The coolant of the reactor consists of 

an alloy of lead and bismuth, a highly corrosive, liquid metal. The 

performance of the materials and components in this circuit, such 

as heat exchangers and pumps, has so far not been adequately 

demonstrated in this environment.

Selection of materials

Rather than developing and optimising innovative materials, 

the MYRRHA designers chose industrially available materials. 

These have already been tested and qualified for other nuclear 

applications, but have not yet proven their performance under the 

extreme conditions in MYRRHA. 

SCK•CEN investigates the behaviour of the prospective materials 

under MYRRHA conditions, using mechanical experiments and 

irradiation testing, among others. The specialists of SCK•CEN will 

use this experimental programme to justify the final choice of 

materials for the reactor.

Critical phenomena

In concrete terms, a number of critical phenomena will be exam-

ined, such as liquid metal corrosion, embrittlement (due to radiation 

and the surrounding metal), metal fatigue, creep, swelling (due to 

irradiation), etc. The first section of the experimental programme 

consists of mechanical tests in the lead-bismuth environment, for 

which SCK•CEN developed a specialised testing infrastructure. 

The first experiments on a laboratory scale show that at least one 

prospective material undergoes embrittlement within the safety 

margins, in other words, it adequately retains its strength. 

A second part of the test programme consists of the irradiation 

experiments. A first experiment was initiated in 2010 in BOR-60, 

an experimental sodium-cooled fast reactor at the Research In-

stitute of Atomic Reactors (RIAR, Russia). The aim of this experi-

ment is to investigate the effect, on the prospective materials, 

of irradiation with fast neutrons. The results will be compared 

to those of materials exposed to the same temperatures, but 

without irradiation. Thus a distinction can be made between the 			Preparation	of	pressurized	tubes	specimens	for	irradiation	in	the	BOR-60	
reactor.
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effects of irradiation, and the effects of the liquid metal environ-

ment.

Reciprocity

A unique feature of the research programme on MYRRHA is that de-

sign experts, material specialists, nuclear fuel experts and systems 

engineers all work together. This gives rise to a unique interaction 

between materials research and design. The materials specialists 

pass on their experimental findings to the designers, who therefore 

further optimise and validate the reactor design. Conversely, the 

designer imposes certain conditions (for example a specific temper-

ature range, combined with a neutron dose), the effects of which 

the materials specialist will closely examine. This in-depth material 

characterisation is primarily intended to improve the MYRRHA de-

sign, but will also provide an important scientific input for all the 

fourth-generation reactors.

“Unique to the MYRRHA design team is 
the interaction between designers, ma-
terials specialists, nuclear fuel experts 
and systems engineers. Such an exchan-
ge of expertise should lead to a sophisti-
cated and flawless design when MYRRHA 
is actually constructed.” 

Gunter Coen
Marlies Lambrecht
Serguei Gavrilov

			Tensile	specimens	made	of	MYRRHA	candidate	materials	for	mechanical	
properties	measurements.



22

SC
K•

CE
N

 - 
H

ig
h

lig
h

ts
 2

01
0

SCK•CEN develops critical components of IFMIF

Step by step towards a commercial 
nuclear fusion reactor

For several decades, scientists from Europe, the United 

States and Japan have been conducting technologi-

cal research into nuclear fusion, possibly the energy 

source of the future. SCK•CEN directly contributes to 

this research domain. Thus for example, SCK•CEN de-

signs and validates critical components for the irradia-

tion installation IFMIF (International Fusion Material 

Irradiation Facility). This unit will be used from 2025 

onwards to test materials under extreme conditions, 

similar to those in a fusion reactor.

Nuclear fusion is not yet an energy source for tomorrow. The sci-

entific challenges of today are still too large to allow this. In order 

to have this energy technology in the second half of this century, 

an initial, experimental reactor, ITER (International Thermonuclear 

Experimental Reactor), is currently being constructed in Cadarache 

(southern France) – the last stage before the industrial demonstra-

tion model DEMO. 

Broader approach

In addition, Japan and the European Union have decided to for-

mulate a ‘broader approach’ to nuclear fusion. The aim of this is 

to develop technologies and to carry out research that cannot be 

conducted in ITER. Belgium, with SCK•CEN as the coordinator, has 

committed itself in the spring of 2009 to participate in the three 

most important projects under the ‘broader approach’: IFMIF, IFERC 

(International Fusion Energy Research Center) and STP (Satellite 

Tokamak Programme). Other Belgian research centres, universities 

and businesses are also participating in this international, cutting-

edge technological R&D programme. 

Neutron energy times seven

Materials research with the irradiation machine IFMIF is crucial for 

nuclear fusion. The conditions that the fusion process creates, are 

many times more extreme for materials than is the case for nu-

clear fission. For instance, neutrons with seven times more energy 

and a neutron flux that is ten times higher are created. SCK•CEN 

is closely involved in the design and validation of key components 
		 ITER	is	an	experimental	fusion	reactor,	being	built	in	France.	

(source:	ITER)

for IFMIF. This plant produces high-intensity, high-energy neutrons, 

required to test and classify innovative materials needed in condi-

tions similar to those of the fusion reactor. IFMIF should be ready 

by 2025, when ITER will also be operational. In particular, IFMIF 

will provide ITER with crucial information for the construction of 

commercial fusion reactors. 

 



> chapter 1

23

SC
K•

CE
N

 - 
H

ig
h

lig
h

ts
 2

01
0

“We are collaborating on the design and 
validation of the critical components 
and systems of IFMIF. This high-tech 
irradiation equipment, which is part 
of the ‘broader approach’, will provide 
much needed data for the construction 
of commercial fusion reactors after ITER.” 

Vincent Massaut
Patrice Jacquet

From the design to the testing phase  

The critical components and systems of IFMIF will be designed and 

manufactured in different places in Europe and Japan under the 

coordination of the international project team at Rokkasho (Japan). 

SCK•CEN is responsible for irradiation tests on vulnerable IFMIF 

components, for the design of the test module that will be used 

during the start of the installation, and for the design of the ‘low 

flux test module’. This is the module with the largest volume of 

irradiation, but the lowest dpa (displacement per atom) per year. 

All these components are essential to test the operation of IFMIF. 

In 2009, SCK•CEN experts designed the container for irradiation 

tests, the basic design of the start test module, and the low flux 

test module. In October 2010, SCK•CEN signed a major contract 

with IBA (Ion Beam Applications, Louvain-la-Neuve). IBA designs 

and supplies radio frequency power amplifiers to drive the extreme-

ly powerful particle accelerator for the IFMIF facility. 

Irradiation tests to commence

Everything is now ready to commence irradiation tests. In the sec-

ond half of 2011, three HFTM-V capsules (high flux test modules) 

of IFMIF will be irradiated in BR2, each at a different temperature. 

The KIT (Karlsruhe Institute of Technology) is responsible for the 

construction of the capsules, which are delivered to SCK•CEN in 

June 2011.  The irradiation tests will allow one to check how well 

the capsules resist thermal fatigue, and how they behave under 

high neutron flux. 

The irradiation tests shall continue until the end of 2012, and the 

entire engineering phase of IFMIF is expected to be completed by 

mid-2013. At that time, the time should be ripe to take the neces-

sary decisions about the construction of the plant.

		Top	left:	For	the	development	of	fusion	reactors,	attempts	are	being	made	to	simulate	on	earth	the	reactions	that	take	place	in	the	sun.	(source:	SOHO)
	 Top	right:	BR2	plays	an	important	role	in	the	assessment	of	components	and	materials	for	fusion	reactors.	
	 Bottom	left:	Part	of	the	IFMIF	particle	accelerator.	(source:	CEA)
	 Bottom	right:	Inside	view	of	the	current	largest	fusion	reactor.	(source	EFDA	JET)
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Plasma-wall interaction as a new research focus

SCK•CEN explores unexplored 
research domain

As of 2011, the Plasmatron will occupy a prominent place 

in the nuclear fusion research of SCK•CEN. With this test 

facility, a team of scientists will study the interactions 

between the hot fusion plasma and the plasma wall. The-

se experiments, for which the Plasmatron was specially 

rebuilt, will offer a lot of scientific input for the materials 

technologies of ITER and DEMO. 

Nuclear fusion requires extremely high temperatures: the fusion 

fuel has to be heated to hundreds of millions of degrees Celsius. 

The hot, charged gas (plasma)  is contained inside the installation 

in a powerful, ring-shaped magnetic field, so that it does not come 

into direct contact with the wall of the reactor or tokamak. All 

kinds of instabilities in the plasma affect how well the confinement 

works. With plasma-wall interaction, scientists study how the ma-

terial of the reactor vessel and the plasma react with each other. 

Plasma-wall interaction is a fairly recent, complex research area at 

the intersection of plasma physics, materials science, chemistry, 

physics and nuclear physics.

Combined effects

The wall of the reactor is exposed to different effects during the 

fusion process. The material is bombarded with neutrons and ions 

(deuterium, tritium) from the fusion reaction, and fast particles 

from the plasma. Moreover, the wall is subject to a heat flux and 

thermal shocks, caused by the fusion process itself and by the tur-

bulence in the plasma. Little or no research has been done on the 

combined effects of these impacts. 

SCK•CEN has been working in this area of research with the Dutch 

FOM Institute (Fundamental Research on Matter) and the Juelich 

Research Centre (FZJ) in the Trilateral Euregio Cluster (TEC), since 

2010. Since research into plasma-wall interaction is highly special-

ised, each partner focuses on a well-defined aspect. 

Tritium Laboratory

The mission of SCK•CEN is to study the effect of tritium and neu-

trons on the ‘first-wall’ materials such as beryllium and certain 

types of tungsten. The latter material will be used for ITER and the 

next generation of fusion reactors. With the Plasmatron, SCK•CEN 

has the only research facility of this type in Europe in which tritium 

can be used. 

The unit has been installed in the SCK•CEN premises since 2008. 

Previously, the plant was located in the Joint Research Centre (JRC) 

in Ispra (Italy), where it would have been operated in the former Eu-

ropean Tritium Handling Experimental Laboratory (ETHEL), which 

was never started. A team of SCK•CEN employees dismantled and 

thoroughly renovated the Plasmatron in 2010, before shifting it to 

the tritium laboratory, where it will be installed in a glove box. 

SCK•CEN has taken comprehensive measures to ensure the safety 

of the experiments. Tritium is a radioactive gas with a high diffu-

sion capacity. The first experiments with tritium are planned after 

2012. The results will be used, inter alia, in the further develop-

ment, construction and licensing of ITER.

“By studying the effect of tritium and 
neutrons on the first-wall materials 
using the Plasmatron, SCK•CEN is pa-
ving the way for the future generation of 
fusion reactors.” 

Inge Uytdenhouwen
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SCK•CEN: 
35 years of nuclear fusion research

SCK•CEN has been participating in the European fusion program-

me since 1974. As the third Belgian player, the Research Centre 

resolutely opted for fusion technology. The Koninklijke Militaire 

School (Royal Military School) and the Université Libre de Bruxel-

les (Free University of Brussels) have focused on plasma research. 

In recent decades, SCK•CEN has carried out pioneering work in 

the field of structural and functional materials in radiation, instru-

mentation, waste, dismantling, etc. For this, SCK•CEN collabora-

ted with, among others, the K.U.Leuven (Louvain Catholic Univer-

sity) in the field of corrosion, the Faculté Polytechnique de Mons 

for sensors and diagnostics, and numerous industrial partners for 

example, ALM and Tractebel Engineering. Today, SCK•CEN repre-

sents about half of the Belgian contribution to fusion research, a 

significant contribution to a sustainable energy future. Nuclear 

fusion is a safe, CO
2
-neutral technology that does not generate 

long-lived radioactive waste.

Based on 35 years of fusion research, SCK•CEN organised an aca-

demic session in the early part of December 2010. Scientists from 

different disciplines outlined the main achievements of SCK•CEN 

at the Belgian, European and international level, and the share of 

industry in the development of fusion. A joint, prospective view of 

the scientific role that SCK•CEN can take on in fusion technology 

tomorrow was also presented. 

		The	Plasmatron	plays	a	vital	role	in	plasma-wall	interaction	studies.
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> chapter 2

 
2.  Sustainable and safe 
 operation of installations: 
 a top priority

The nuclear reactors of today must keep up with technological developments, while at 

the same time, responding to important societal demands. Safe reactors that are also 

operated cost-effective and sustainably, are the focus of the materials and nuclear fuel 

research at SCK•CEN.

27
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New control system for BR2

Preventive approach to process control

In 1961, the BR2 reactor became critical for the first time. 

Yet the multi-functional research reactor at SCK•CEN is 

not out of date – quite the contrary. Regular upgrades 

and innovations keep the reactor in step with the latest 

advances in technology. In 2010, the control system of 

BR2, a vital part of the reactor, was replaced as a preventive 

measure.

Check-ups and maintenance constitute an integral part of the op-

eration of all nuclear facilities at SCK•CEN, including BR2. This is 

not limited to the ten-yearly inspection conducted by the Federal 

Agency for Nuclear Control (FANC), in connection with the review 

of the nuclear permit. Apart from this control cycle, SCK•CEN 

closely tracks the performance of the various BR2 components. 

Thus, among other things, the full instrumentation of the primary 

circuit was replaced as part of regular upgrades during the last 

decade. Through such systematic technical upgrades, nothing is 

left to chance and safety remains guaranteed. Moreover, in this 

manner, it is ensured that BR2 is equipped with state-of-the-art 

technology. 

Unique control system

The driving force behind a nuclear reaction is the neutrons emitted 

whenever a nucleus is split. In order to ensure the safe operation 

of a nuclear facility, the nuclear reaction should be kept under 

control and the flux level in the reactor should be regulated. For 

this reason, the installation is equipped with a control system. The 

control rods, generally composed of cadmium, have a high neu-

tron-absorbing capability. Absorbed neutrons can no longer cause 

fission. Control rods slow down the chain reaction when they are 

introduced deeper into the reactor. Conversely, they speed up the 

reaction when they are drawn out of the reactor. 

This control system is a unique part of the reactor. No two reactors 

have control rods of the same design. The efficiency of the control 

rods reduces after a long period due to ‘burn out’ – consisting of 

a reduction of absorbent material over the years – and must be 

replaced. After nearly fifty years of service, the control rods in BR2 

were due for replacement. 

“The control rods of BR2 were replaced. 
This had to wait until we had conducted 
a wide range of experiments to demon-
strate the efficiency and safe operation 
of the new material.” 

Geert Van den Branden
Edgar Koonen

Hafnium

The absorbing parts of the old control rods in BR2 were made of 

cadmium. However, these control rods have a complex structure, 

which makes them difficult to manufacture. The adsorption mate-

rial is drawn into an aluminium tube through coextrusion: an ex-

pensive process. Moreover, cadmium is toxic, and therefore a metal 

to be avoided.

Researchers at SCK•CEN were therefore looking for an alternative. 

Hafnium was selected as the new absorption material, based on 

theoretical studies and a testing programme. The advantage of this 

metal is that it is highly corrosion-resistant, absorbs more neutrons 

and can be produced untreated (without tube).

The	replacement	of	the	cadmium	control	rods	with	hafnium	in	BR2	
was	preceded	by	a	long	period	of	study	and	testing.
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BR2: one reactor, multiple applications

The Belgian Reactor 2 or BR2 is one of the most powerful research 

reactors in the world. Since its beginning in 1963, this materials 

testing reactor has used highly enriched uranium, with pressurised 

water as a coolant and moderator. BR2 plays a prominent role in 

international research into the behaviour of reactor materials. In 

BR2, SCK•CEN irradiates nuclear fuels and materials for different 

types of reactors and for the European fusion programme. 

BR2 also has a production function in addition to a research functi-

on. Worldwide, BR2, along with four other reactors, is responsible 

for the production of 90% of the total amount of molybdenum-99. 

This is the radioisotope used for diagnosis and treatment in nu-

clear medicine. Other radioisotopes are also used in industry. They 

are present in sensors, for example, to determine the density and 

the moisture content of substances. 

Silicon is also irradiated in BR2. This creates a high-quality semi-

conductor which is used in the electrical components of hybrid 

cars and wind turbines, among other things. Recently, SCK•CEN 

equipped BR2 with an additional facility that allows even larger 

blocks of silicon to be irradiated. 

SCK•CEN is ISO 9001-certified for the production of the radio-

isotope molybdenum-99 and for the doping of silicon.

Replacement of control rods

The replacement of the cadmium control rods by hafnium in BR2 was 

preceded by a long period of study and testing. The theoretical studies 

had already commenced in 2006, in which SCK•CEN specialists also 

studied the absorption capacity of other metals such as europium. 

In 2008, SCK•CEN carried out a first series of comparative tests on a 

number of rods in the reactor, enabling the validation of the capacity 

of hafnium to absorb high quantities of neutrons. A test report was 

then drawn up on the basis of a more extensive experiment, after 

which FANC permitted the use of hafnium rods at full capacity. 

In February 2010, the old control rods were replaced with new ones. 

These will remain in operation until the end of the life of BR2, or 

until the new MYRRHA research reactor becomes operational. 

 

		 Shipment	of	irradiated	materials	for	the	extraction	of	radioisotopes	for	
medical	applications.	In	2010,	BR2	made	a	major	effort	to	ensure	the	
continuity	of	supply	of	molybdenum-99.		The	irradiation	capacity	was	
increased	by	50%	and	the	working	period	of	the	reactor	was	increased	
by	25%.	This	enabled	SCK•CEN	to	achieve	a	production	volume	of	25%	of	
the	world	demand	in	2010.

30
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A close look at the life span of nuclear fuel

Internationally renowned expertise  
applied to Belgian nuclear power plants
Thanks to research and continuous development, the 

nuclear fuel consumption of nuclear power plants 

worldwide has fallen sharply in recent decades. 

Compared to the 1970s, the fuel rods of today now last 

2.5 times longer. The economic benefit is obvious, but 

more importantly, it means that less radioactive waste 

is generated. For the past two years, at the request of 

GDF SUEZ, SCK•CEN has been studying whether fuel 

rods in Belgian nuclear power plants can be made to 

serve longer, without compromising safety.

The nuclear fuel of a nuclear power plant is in a fuel rod or pin. 

Nuclear fuel rods are long metal tubes, in which ceramic uranium 

oxide pellets (the nuclear fuel) are placed. These pellets, which de-

liver energy through the fission of uranium atoms, are stacked in a 

column of up to 4 metres height in the tube, which is (usually) made 

of zircaloy. This is an alloy resistant to heat and corrosion that also 

offers good resistance to neutron radiation released during fission, 

and is required to keep the reaction going. In nuclear fuel produc-

tion, dozens to hundreds of fuel rods are assembled into bundles. 

More than one hundred of these fuel bundles, also called ‘assem-

blies’, constitute the core of a nuclear power plant. 

Status report

The burn-up of the fuel rods is a measure of the amount of energy 

generated by the end of their life, from the existing uranium oxi-

de. The higher the burn-up, the greater was the energy extracted 

from the fuel. And the less the waste generated. The goal is to 

increase the burn-up and thereby to extend the life of the fuel 

elements. But it is neither feasible nor safe to simply burn the fuel 

rods longer without thorough research. The operation of the reac-

tors must remain economically viable, and the danger of leaking 

rods may increase if the burn-up is further extended. 

GDF-SUEZ requested SCK•CEN to investigate whether the fuel rods 

in the Belgian nuclear power plants can be made to last longer. 

In an extensive literature review, SCK•CEN fuel experts drew up a 

status report on the research conducted on high burn-up, in which 

they also pointed out gaps in the research. The experts made a 

synthesis of the aggregated results, focussing on the Belgian con-

text. The goal was to better understand and record the processes, 

in order thereby to check whether the fuel in the Belgian power 

plants is being used in an optimal, economic and sustainable man-

ner.

In-house expertise

SCK•CEN first listed the studies on the fundamental physical 

processes and properties involved in high burn-up, such as swelling 

of the pellets or the corrosion resistance of the fuel tube. In the 

second part, experiments were recorded to investigate whether a 

reactor with a significant amount of fuel with high burn-up, can be 

safely brought to a halt in accidental conditions. In the third phase, 

SCK•CEN combined the physical processes and operating conditions 

into MACROS. This is a theoretical calculation code, developed a few 

years ago by SCK•CEN itself, which calculates how the fuel rod will 

behave if it continues to be used in the reactor.

Optimum use of fuel

The study showed that globally, a lot of systematic research 

has been done into high burn-up in nuclear power plants. The 

conditions, under which the Belgian nuclear power plants work, 

fall within the domain of international research. For example, the 

study also showed that the burn-up in our Belgian plants can be 

extended. Since fuel research often occurs at the request of the 

fuel vendors rather than of those running power plants, GDF-SUEZ 

now has a second opinion in the form of the research conducted 

by SCK•CEN, an independent institution. When conducting this 

study, SCK•CEN researchers relied on their years of experience 

with nuclear fuel research for nuclear power plants in France and 

Japan, among others.  

“Thanks to our expertise, GDF SUEZ has a 
second, independent opinion concerning 
the achievable life span of the fuel in Bel-
gian nuclear power plants.”  

Marc Verwerft
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SCK•CEN monitors the life span of foreign reactors

International demand for 
monitoring programmes

Safety is the highest priority in running a nuclear 

power plant. The condition of the steel of the reac-

tor vessel – the heart of the plant – is critical in this 

connection. In recent years, SCK•CEN has developed a 

sophisticated monitoring programme to monitor the 

degradation of the reactor-vessel steel of Belgian nu-

clear power plants. That gave rise to several demands 

to also implement these state-of-the-art material test-

ing programmes in nuclear power plants abroad. 

The safe operation of a nuclear power plant is linked to different 

parts of the plant. Some of them, such as the steam generators, 

are regularly maintained or even replaced in order to ensure secu-

rity. Replacing the reactor vessel – the vessel in which the nuclear 

reactions take place – is not technically and economically feasible. 

When the reactor vessel is no longer adequate, it signifies the end 

of the nuclear power plant. This aspect is indeed very critical for 

safety: it protects the highly radioactive reactor core, and includes 

the cooling circuit.   

ATUCHA I

Metal embrittlement may occur as a result of the ionising radiation 

to which the reactor vessel is exposed for many years. Combined 

with thermal aging, this can cause the metal to weaken. The safety 

of the reactor is no longer assured in such cases. It is therefore cru-

cial to continuously monitor the condition of the reactor-vessel steel 

with a monitoring programme (see box p. 34). SCK•CEN has unparal-

leled expertise in this area and is renowned all over the world. This 

		The	capsules	containing	the	test	samples	were	positioned	by	a	robotic	arm	developed	and	installed	by	SCK•CEN.
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can be seen from the international demand for the surveillance pro-

grammes of SCK•CEN – from Argentina, for example.

When the Argentine nuclear power plant ATUCHA I was started in 1973, 

it had no installed surveillance programme. This means that originally 

no scope was provided in the reactor to place  capsules with the sam-

ples (the samples on which the monitoring programme is based). The 

monitoring programme was only implemented at a later stage.

Phenomenon

ATUCHA I is the only commercial pressurised heavy water reactor 

in the world. This means that the reactor can use unenriched natu-

ral uranium as fuel and D
2
O or “heavy water” as coolant and mod-

erator. This concept did not allow the placement of capsules at the 

usual place in the reactor, against the outside of the core. Instead, 

the samples were installed in capsules under the core. That yielded 

surprising measurement results: the metal embrittlement of the 

samples was much greater than expected. 

		Detail	of	the	robotic	arm.

At the request of the Argentine operator NASA (Nucleoelectrica Argen-

tina Sociedad Anónima) and the Argentine authority ARN (Autoridad 

Regulatoria Nuclear), SCK•CEN commenced a search together with 

Belspo (Belgian Science Policy) in 2002 to find the cause of this phe-

nomenon. After the irradiation of the samples in BR2 and extended 

follow-up, inspections showed that the embrittlement was not abnor-

mally high this time. This supported the hypothesis that the increased 

embrittlement in the Argentine reactor was due to the placement of 

the capsules. The concentration of thermal neutrons is much higher 

below the core, thereby causing the metal to age more rapidly. 

Reconstitution (the reconstruction of samples already tested), a 

technique developed by SCK•CEN that allows more information to 

be obtained from the same sample, has confirmed this conclusion. 

Based on these findings and experimental data from reactors in 

other countries, the safety margin of the reactor could still be dem-

onstrated. The report, prepared by SCK•CEN as the coordinator of 

a pool of nuclear experts, confirmed that the life span of the plant 

can easily be extended from 40 to 60 years.  
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ATUCHA II

Recently, NASA and SCK•CEN have also collaborated closely with 

each other in connection with the ATUCHA II monitoring pro-

gramme. This larger counterpart of ATUCHA I has to satisfy the 

increased energy demand in Argentina and will be commissioned 

in September 2011. On the advice of SCK•CEN, it was decided 

to install a monitoring programme on the walls of the reactor, 

instead of below the core. This choice is intended to ensure the 

reliability of the monitoring programme.

SCK•CEN carried out a feasibility study to determine whether the 

specific monitoring programme could actually be implemented, 

and an extensive safety report with supporting evidence was 

prepared for the Argentine safety authorities. The capsules con-

taining the test pieces were placed in ATUCHA II using a robotic 

arm built and installed by SCK•CEN. A technological tour de force 

with which SCK•CEN has acquired experience since the decom-

missioning of the BR3 reactor. In 2011, further work was done on 

the PTS (pressurised thermal shock) study. In this context, the 

behaviour of the reactor-vessel steel was studied with the most 

challenging load for the reactor vessel, whereby it cools while 

continuing to remain under pressure. 

International recognition

The materials expertise of SCK•CEN enjoys high esteem in other 

countries as well. SCK•CEN was commissioned by KAERI (Korea 

Atomic Energy Research Institute), the research centre for nuclear 

energy in South Korea, and with keen interest from the safety 

authority KINS (Korea Institute of Nuclear Safety), to implement 

a sophisticated surveillance programme in South Korean nuclear 

power plants. The Spanish nuclear power plants have also called 

on SCK•CEN’s expertise to configure and install a new monitoring 

programme. SCK•CEN researchers also conducted extensive ma-

terial tests on samples from Swiss nuclear power plants.

“In recent years, SCK•CEN has been pro-
jecting itself as the research centre for 
studies in metal embrittlement in nu-
clear power plants. We not only keep 
track of the monitoring programmes for 
the Belgian nuclear power plants, but 
also offer our expertise worldwide, in: 
among others, Switzerland, Spain, South
Korea and Argentina.” 

Marc Scibetta

A sophisticated monitoring programme monitors the degradation 

of the reactor vessel material throughout the life cycle of a nuclear 

power plant. It uses test samples made from the same material as 

the reactor vessel and its welding material. These test samples are 

placed inside capsules between the reactor and the reactor vessel. 

This allows one to analyse the pattern of material properties. By 

investigating capsules at pre-set intervals, it is possible to track 

and even predict the mechanical properties of the reactor-vessel 

materials. 

SCK•CEN has tested all the capsules of the Belgian nuclear reac-

tors since their commissioning and therefore has the complete 

historical data series from this monitoring programme. For several 

years now, in addition to the mandatory tests, SCK•CEN has also 

been using a more advanced surveillance system, in consultation 

with the operator. The resulting increase in accuracy provides ad-

ditional safety. In combination with valuable historical data, these 

test methods of SCK•CEN make it the research centre of choice for 

metal embrittlement studies in nuclear power plants.

Advanced monitoring: an example of 
SCK•CEN materials expertise
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New fuels for proliferation-safe research reactors

SCK•CEN a kingpin in international research

A number of research reactors in the world, including 

BR2, are still working on highly enriched proliferation-

sensitive nuclear fuel. Extremely high-density fuel is 

required to make possible the switch to low-enriched 

fuel without loss of effectiveness. In the past few years, 

SCK•CEN has developed into the global test station for 

new, low-enriched fuels.

In order to counteract the proliferation of highly enriched ura-

nium, a strategic material that can be misused for nuclear weap-

ons, 189 countries have signed the Non-Profileration Treaty. By 

doing this, they declare themselves more willing to stop using 

highly enriched fuel in civilian applications. Research reactors 

that previously still used high-enriched fuel, would therefore 

need to switch to low-enriched fuel (with less than 20 % of ura-

nium-235 or 235U). 

High neutron flux

The performance of a research reactor stands or falls by its abil-

ity to generate a high neutron flux in a compact core. Fuel en-

richment is the best way to achieve this. Historically, that is the 

reason why most research reactors have for years used one fuel 

(UAl
x
), more than 90% of which consisted of 235U.  The great chal-

lenge in the transition from high- to low-enriched uranium was 

also to develop a low-enriched uranium fuel that would enable 

research reactors to continue working at the same efficiency 

level. In order to maintain the same efficiency, the low-enriched 

fuel must have a very high density (as much as at least six times 

higher than UAl
x
), to compensate the drop in the enrichment of 

the 235U.

Higher densities

The fuel U
3
Si

2
 (with a three to four times higher density) appeared 

to be a first possible solution. Many research reactors have suc-

cessfully switched over to this fuel since early 2000. Tests how-

ever show that the research reactors with the highest flux, in-

cluding the materials testing reactor BR2, lost too much in terms 

of efficiency when they use U
3
Si

2
. In order to maintain the same 

level of efficiency after converting these research reactors to use 

low-enriched fuel, the fuel density has to be even higher. 

A uranium-molybdenum alloy (U(Mo)), in which a couple of per-

cent of molybdenum is added to uranium, sounded promising. 

The U(Mo) fuel pellets were mixed with an aluminium powder 

(matrix) and compressed between two aluminium plates, as was 

done for UAl
x
 and U

3
Si

2
. During the irradiation experiment FUTURE 

in BR2 in 2003 however, the U(Mo) was found to react with the 

aluminium matrix of the fuel plates, causing them to swell up to 

an unacceptable extent.

		The	sputter	coater	applies	a	silicon	coating	around	the	U(Mo)	surface.
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E-FUTURE

Previous research had shown that the addition of silicon helps sta-

bilise the interaction between uranium and aluminium. In order to 

better study the effect, and to classify the fuel U(Mo) with the ad-

dition of silicon under real conditions, SCK•CEN decided to collabo-

rate in LEONIDAS, along with the CEA  (Commissariat à l’Energie 

Atomique), ILL (Institut Laue-Langevin) and CERCA (Compagnie 

pour l’Étude et la Réalisation de Combustibles Atomiques).  

In 2010, this international consortium irradiated four fuel plates 

in the irradiation device E-FUTURE in BR2, with a different amount 

of silicon and a different heat treatment. The latter is necessary in 

order to get the silicon in the interface area between the fuel pel-

lets and the aluminium. SCK•CEN intends to conduct an extended 

follow-up study (via gammaspectrometry, spectroscopy, microsco-

py, etc.) on the cooled fuel, to verify whether the interaction has 

stabilised sufficiently. Based on these results, the best candidate 

out of the four plates will be chosen for a qualification irradiation 

experiment.

The Laboratory for High and 
Medium level Activity

At the Laboratory for High and Medium level Activity (LHMA), 

SCK•CEN evaluates the effects of irradiation on materials used in 

existing and future nuclear facilities. Researchers are using non-

destructive, physico-chemical and micro-structural tools to ana-

lyse the damage to and degradation of materials by ionising radi-

ation. This data makes it possible to use mathematical models to 

assess and predict the behaviour and durability of materials. Such 

studies are essential among other things, to correctly estimate the 

life span of nuclear reactors. 

For this purpose, the LHMA has a number of protected rooms (hot-

cells), with specialised equipment to enable the safe study of irra-

diated materials (nuclear fuels, reactor materials). The shield con-

sists of thick walls of concrete or lead, equipped with lead glass. 

The equipment is remotely controlled by remote manipulators so 

as to minimise the exposure. 

“In recent years, SCK•CEN has developed 
into the global test station for new, low-
enriched fuels.” 

Sven Van den Berghe

Additional research

But the E-FUTURE experiment raises new research issues.  Thus 

silicon probably hinders the reprocessing of U(Mo) after use, 

thereby increasing costs. It is therefore important to minimise 

the silicon addition or to avoid it altogether, if possible. SCK•CEN 

therefore launched the SELENIUM project in collaboration with 

Ghent University. A sputter coating unit applies a silicon coating 

around the U(Mo)-surface. This reduces the amount of silicon 

required to stabilise the interaction between aluminium and 

U(Mo). The researchers have also started experimenting with a 

zirconium nitride layer as an inhibitor. 

In early 2011, SCK•CEN provided coated U(Mo) powders to CERCA, 

which will incorporate the same in test fuel plates. The irradiation 

tests in BR2 commence in August 2011.

		The	hot-cell	operator	operating	telemanipulators	to	study	highly	
radioactive	materials	in	the	LHMA.
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Belgium and France join forces in measuring 
instrument research

SCK•CEN and CEA are jointly developing 
an innovative type of gamma detector
Real-time monitoring is extremely important to ac-

curately interpret irradiation experiments in research 

reactors. SCK•CEN has years of expertise in developing 

sensors to monitor neutron flux, temperature, gamma 

radiation, etc. It has been collaborating with the CEA 

(Commissariat à l’Energie Atomique) since 2006. Both 

partners share research and research results in the La-

boratoire Commun d’Instrumentation. Recently, a joint 

patent application was made for a new type of sensor 

to measure gamma rays.

A self-powered gamma detector (SPGD) enables the measurement 

of the gamma radiation field of the nuclear heating, independently 

of the neutrons. This will allow researchers to better understand 

the role of gamma rays in the heating of the reactor materials. The 

measuring instrument is based on the principle that gamma rays 

create high-energy electrons in heavy metals. The electric current 

that they generate can be measured externally.

Optimised design

Existing gamma detectors suffer from the disadvantage that they 

are excessively large and have insufficient gamma selectivity. 

SCK•CEN and CEA have jointly developed a new SPGD to simplify 

measurements and make them more reliable at the same time. 

The research partners succeeded in improving the geometry 

and the manufacturing methodology. We therefore opted to use 

bismuth, which is poured into the SPGD in a liquid state, thereby 

improving the contact between the insulator and the bismuth 

conductor. For the central conductor, SCK•CEN and CEA opted for a 

different design, so that the signal can come from two sides. These 

optimisation measures led to a faster response and a higher and 

more stable signal. The diameter of the detector could be limited to 

3 millimetres.

Irradiation tests

A series of radiation tests were carried out to identify and validate 

the gamma sensitivity of the new sensor. The French researchers 

irradiated prototypes in a pure gamma field and in a combined 

neutron-gamma field in the research reactor OSIRIS. In the GALACO 

experiment, three types of SPGD were irradiated for three weeks 

in BR2, with continuous reference measurements and at different 

positions. The gamma sensitivity of these three types was in line 

with the results of experiments in OSIRIS. The optimal type of de-

tector was selected based on these tests, and a patent application 

was made. The patent has already received a positive evaluation. 

An industrial partner has also expressed interest in introducing the 

detector on the market.    

Other common themes

Apart from the SPGD, SCK•CEN and CEA have also focussed their 

sensor developments on three other aspects: the online detec-

tion of fast neutrons in thermal reactors, the online dimensional 

measurement of nuclear fuel under irradiation with fibreglass, and 

monitoring the release of fission gas during the irradiation via an 

acoustic sensor. A patent is pending for each of these aspects. 

“SCK•CEN and CEA are jointly developing 
state-of-the-art instruments in the 
Laboratoire Commun d’Instrumentation. 
A noteworthy success was the recent 
development and validation of a new type 
of detector for gamma rays.” 

Ludo Vermeeren
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3.  Protecting people and 

the environment: 
 our experience makes 

the difference

The use of ionising radiation involves risks for humans and the environment. 

For SCK•CEN, that is the reason to develop knowledge about radiation protec-

tion, and to offer our expertise to the government, the world of medicine and 

industry, etc. Thus SCK•CEN collaborates in efforts to find sustainable uses of 

ionising radiation which fully focus on human health and the environment 

and social concerns about nuclear technology.  

39
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A finger on the pulse, each day

SCK•CEN measurements: the basis of the radio-
logical monitoring programme for Belgium
The European Atomic Energy Community (Euratom) has 

made it mandatory for Member States of the European 

Union since 1957 to monitor the radiological situation 

in their territory. SCK•CEN has accumulated several 

years of experience in radiological measurements and 

analysis. It places this at the disposal of the monitoring 

programme of the Belgian government. With only one 

objective: to detect even the slightest violation of radio-

logical standards in food, air or water, at an early stage.

The Federal Agency for Nuclear Control (FANC) conducts radiologi-

cal monitoring in Belgium in two ways. With the TELERAD early 

warning system, it monitors the total radioactivity in the air in 

more than 200 permanent locations, and measures atmospheric 

dust and the water of certain rivers in a limited number of loca-

tions. These measurement points are connected to a central 

alarm system that is automatically triggered when the radio-

activity exceeds a certain value. Apart from that, FANC engages 

the services of specialised laboratories of SCK•CEN and IRE (Na-

tional Institute for Radioelements) in Fleurus. Both research 

centres carry out periodic measurements, take samples, and 

analyse them in the context of this monitoring programme.

More than 5300 samples per year

The sampling campaigns and in-situ measurements form the cor-

nerstone of the radiological monitoring of the territory. They make 

it possible to refine the radiological profile of Belgian territory, and 

to precisely evaluate the natural and artificial radioactivity levels in 

the environment. Every year, more than 5300 samples are taken, on 

which about 32000 radioactivity analyses are carried out. SCK•CEN 

itself conducts a large number of these. After the cessation of ac-

tivities related to nuclear measurements at the Wetenschappelijk 

Instituut Volksgezondheid (Scientific Institute of Public Health) in 

Brussels, which carried out measurements for years on behalf of 

the FANC, the activities of SCK•CEN in the monitoring programme 

have increased significantly in 2010.

Continuous measurement

Among other things, SCK•CEN experts take samples of grass, sur-

face water, air dust, milk, meat and vegetables, and analyse them. 

Some of these samples are taken daily – like milk from farms in 

the vicinity of nuclear sites – others weekly, monthly or quarterly. 

SCK•CEN also studies the Belgian maritime area and the organisms 

that live in them. This is done under the international OSPAR con-

vention that protects the marine environment of the North-East At-

lantic and the North Sea. SCK•CEN experts also conduct measure-

ments around sites where non-nuclear activities take place, which 

could have a radiological impact on the environment, such as in 

the vicinity of the NORM industry (Natural Occurring Radioactivity 

Materials). 

BELAC

Apart from the Belgian monitoring programme, SCK•CEN is bound, 

under its operating permit, to monitor the radioactivity around its 

own installations. SCK•CEN is itself also responsible for monitoring 

the radiological health and safety of its employees and of external 

parties that enter the site. It has a specialised physical inspection 

department for this purpose. 

The SCK•CEN laboratory responsible for low radioactivity measure-

ments is one of the few in Belgium accredited by BELAC (the ac-

creditation body for laboratories and inspection bodies) to conduct 

alpha, beta and gamma measurements. 

“In order to guarantee radiological safety, 
more than 5300 samples are taken in the 
Belgian territory each year, and approxi-
mately 32000 radioactivity analyses are 
conducted. We undertake a large part of 
these ourselves.” 

Christian Hurtgen
Liesel Sneyers
Klaas van der Meer
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	 Sampling	of	rainwater	at	SCK•CEN	in	Mol.

	 Emptying	the	sediment	tank	on	the	Grote	Nete	in	Geel.
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What impact does ionising radiation have on humans and 
the environment?

Use of SCK•CEN’s biosphere models 
in international studies  
Certain nuclear activities may have an impact on 

man and the environment. To understand the precise 

magnitude of the effect, one must first understand the 

distribution and behaviour of radioactive substances in 

the environment. This knowledge is also necessary in 

order to take appropriate measures to reduce radiation 

exposure. Analysing the environmental effects of 

MYRRHA and of waste disposal facilities are just some 

of the applications of SCK•CEN’s biosphere impact 

studies.

What effect does the soil have on radium absorption by plants? 

How do radioactive materials affect photosynthesis? How do radio-

isotopes behave in water and in soil? What effect do radioisotopes 

have on perennials? Can radioisotopes find their way into the hu-

man body through the food chain? SCK•CEN is conducting labora-

tory and field experiments to better understand radio-ecological 

processes, and is developing innovative models that predict the ra-

diological doses that man and the environment have to deal with. 

The researchers also study how the radiological contamination of 

the environment can be prevented.

Impact Models

Researchers at SCK•CEN closely examine the behaviour of critical 

radioisotopes in the environment in different surrounding areas 

and situations. Examples of these are waste storage, industries 

that handle materials that contain natural radioactivity, routine 

discharges from the nuclear industry, and so on. This type of ex-

pertise is also important to analyse the environmental effects of 

MYRRHA. Based on the knowledge accumulated, SCK•CEN devel-

ops impact models and works out counter-measures for land man-

agement in affected areas.

The radio-ecologists of SCK•CEN developed a simulation model in 

collaboration with Université Catholique de Louvain, Université de 

Liège and Gembloux Agri-Bio Tech that records the interactions be-

tween groundwater, soil and plants. Perennials can absorb ground-

water and thereby promote the spread of radioactivity in the en-

vironment. SCK•CEN has refined existing SVAT (Soil Vegetation 

Atmosphere Transfer) models for this purpose, to assess the role of 

the ecosystem in spreading radioisotopes. Among other things, this 

model helps assess the risks of radioactive waste in the long-term.

Biomarkers

For years, protecting the environment against radioactive radiation 

was summarised in the creed, ‘if man is protected, the environ-

ment is also protected’. Recently, however, the study of radiation 

effects on non-human organisms has grown rapidly.

SCK•CEN experiments with arabidopsis and duckweed which are 

exposed to ionising radiation. The researchers not only assess the 

		Study	of	the	uptake	of	radionuclides	by	plants	for	different	soil	types.
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effect on the growth and photosynthesis in these plants, but also 

the influence at their molecular and genetic levels. Besides expo-

sure to uranium and radiation, combinations of contaminants, for 

example, a mix of heavy metals and radioactive radiation, are also 

discussed in detail. The University of Hasselt and the University of 

Antwerp will be important partners in this regard. SCK•CEN also 

develops tests that use plants as a biomarker in an ‘early warning 

system’ for radiological contamination.

International response

In order to demonstrate that the regulations to protect man and 

environment against ionising radiation are being applied, it is es-

sential to know the radiological impact that discharges have on 

humans and the environment. SCK•CEN develops and uses vari-

ous exposure models to predict the impact of radioisotopes. Bio-

sphere models are refined on behalf of ONDRAF/NIRAS (Belgian 

Agency for Radioactive Waste and Enriched Fissile Materials) for 

the study of the long-term safety of disposal sites for radioactive 

waste. Effective surface models are developed to better forecast 

the spread of radioisotopes in accident scenarios.  

The driving force

SCK•CEN has in recent years invested heavily in radio-ecological re-

search and gained international renown thereby. SCK•CEN is one of 

the largest research centres in Europe for radio-ecological research 

and one of the driving forces behind the networking and scientific 

output in this field. The models developed by SCK•CEN will mainly 

be used in international research on NORM (Natural Occurring Ra-

dioactivity Materials) or waste disposal sites. 

“SCK•CEN is one of the largest research 
centres in Europe for radio-ecological 
research and one of the driving forces 
behind the networking and scientific 
output in this area.” 

Hildegarde Vandenhove

		Installation	of	a	system	to	collect	seeds	from	Arabidopsis	thaliana		 	
	 exposed	to	stressors.

The expertise of SCK•CEN in impact studies is recognized by par-

ticipation in international collaboration projects. Furthermore, the 

unique research infrastructure with state-of-the-art radiation facili-

ties, well-equipped laboratories, which is the only one in Europe 

with a licence to carry out animal testing, is a major asset in the 

world of international research. 
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Protecting medical professionals during interventional radiology  

ORAMED makes recommendations for 
the health sector

Ionising radiation is increasingly being used in medi-

cine. Apart from protecting patients against excessive 

radiation doses, it is also extremely important to pro-

tect medical staff against radiation. In interventional 

radiology and nuclear medicine, the radiation doses 

received by physicians and  co-workers have to be accu-

rately followed-up. The European project ORAMED pro-

vided tools and procedures to monitor and limit the ex-

posure of medical personnel during these applications.

Medical imaging is used in interventional radiology to not only di-

agnose but also to repair injuries to the vascular system. Qualified 

radiologists perform minimally invasive treatments using various 

imaging techniques. These procedures use catheters or very small 

instruments that are controlled and operated by the radiologist. 

They are assisted during these procedures by images generated 

during the actual procedure. In nuclear medicine, the functioning 

of organs of patients, in particular, are studied using radioactive 

materials. Research showed that medical personnel often receive 

high radiation doses in both applications.

High doses, complex environments

Twelve European partners from nine countries (research institutes, 

hospitals, laboratories, government agencies and manufacturers) 

collaborated on the project ORAMED (Optimisation of Radiation 

Protection of Medical Staff), coordinated by SCK•CEN. They devel-

oped methodologies to better define and reduce the exposure of 

medical personnel in applications involving high doses or in com-

plex radiation environments. 

The project focused on four themes. One of the first problems in in-

terventional radiology is the use of active dosemeters. These meas-

ure exposure in real time: the radiologist is constantly monitored 

during treatment and receives an alarm when the dose is too high. 

The active, commercially available dosemeters are however, not 

suitable for measuring the pulsed radiation fields that are typical 

for interventional radiology. The research project investigated the 

characteristics that an active dosemeter must satisfy in order to be 

used in this clinical setting. This resulted in guidelines that aided 

hospitals in the purchase of active dosemeters and in the develop-

ment of a prototype of a suitable active dosemeter.

Eye lens dosemeter

Another problem during radiological procedures is the radiation 

dose to which the eye is exposed. Studies have shown that there 

is an increased risk of clouding of the eye lens (cataract) amongst 

interventional radiologists, even when radiation doses remain be-

low the legally permissible dose limit. No routine measurements 

are currently conducted of the eye lens doses, partly because suit-

able eye lens dosemeters were not available. A dosemeter of this 

type was developed under ORAMED. The research partners also 

formulated recommendations to reduce the radiation dose to the 

eyes. Thus measurements showed that 70% of radiologists do not 

wear lead goggles during the intervention, although it is a simple 

measure that limits the dose.   

Focus on hands and feet

The skin of the hands and feet are a matter of concern in inter-

ventional radiology. These body parts are not protected by a lead 

apron, thereby leading to skin damage (erythema). Again, investi-

gations were conducted into the links between the working meth-

od of the medical staff and the radiation dose to the hands and 

feet. During the project, recommendations were formulated and 

training packages developed to help staff reduce their skin doses. 

All this material was distributed to the professional bodies.



> chapter 3

45

SC
K•

CE
N

 - 
H

ig
h

lig
h

ts
 2

01
0

“Our measurements showed that 70% of 
radiologists do not wear lead goggles dur-
ing interventions, although it is a simple 
measure that limits the dose. ORAMED 
provided an interesting set of tips and 
recommendations, which we will now dis-
tribute to the industry to the maximum 
extent possible.” 

Filip Vanhavere

Nuclear medicine was also discussed in ORAMED. Medical person-

nel often suffer an excessively high a dose on the hands while pre-

paring the syringes with isotopes. The dose received is not uniform-

ly distributed over the hands. Point measurements could establish 

the points where the maximum dose was received on the hands. 

Again, the researchers formulated recommendations to reduce, 

and better monitor, the dose. This could be achieved for example 

by wearing a ring dosemeter on the index finger, close to the maxi-

mum dose point. 

To users

ORAMED was not formed solely to improve and combine togeth-

er research into radiation protection of medical staff. The project 

also focussed a great deal of attention on the dissemination of the 

knowledge accumulated, to professional bodies, hospitals and doc-

tors. All the recommendations have been published on the project 

website www.oramed-fp7.eu.

		In	interventional	radiology,	medical	imaging	is	also	used	to	repair	injuries	to	the	vascular	system.
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Radiobiological research at its best

Does a low radiation dose involve risks?

Radiotherapy, radiation protection, nuclear medicine, 

etc.: there is a growing interest in radio(bio)logy in the 

healthcare sector. The number of medical treatments 

with ionising radiation per year will increase even more. 

It is therefore increasingly important to closely monitor 

the possible harmful effects of low radiation doses.

Radiobiology is a growing research domain within SCK•CEN. The 

focal points of this research are the sensitivity of unborn children 

to radiation and individual susceptibility to genetic defects caused 

by ionising radiation. The radiobiologists hope to better under-

stand these effects by studying the changes in molecular markers 

(genes, proteins) caused by low radiation doses. Three remarkable 

research projects have been completed in 2010.

GENRISK-T

Since the Chernobyl disaster in 1986, extensive studies have 

been conducted on the influence of ionising radiation on the 

development of thyroid cancer. Thanks to this research, it is 

possible to precisely determine the risk of this type of cancer in a 

person who has sustained a high dose of ionising radiation. 

The effect of low doses, for example, due to repeated medical 

treatment or image diagnoses, is far less known. It is also far 

from clear to what extent individual genetic factors may increase 

the risk of thyroid cancer. That was precisely the focus of the 

research project GENRISK-T (Genetic risks to thyroid cancer related 

to the Chernobyl accident), a collaboration between SCK•CEN, 

Helmholtz Zentrum München, Université Libre de Bruxelles, and 

other research institutions from France, Italy and Poland.

DoReMi

Two groups of mice with a different DNA strain were irradiated 

with different doses of X-rays. By studying the morphological 

changes in the cellular structure of the thyroid and the expres-

sion of some proliferation markers, an attempt is made to estab-

lish the possible development of thyroid cancer. Finally, this study 

tries to develop a model that describes the relationship between 

thyroid cancer and low radiation doses.

The research is now being continued under the umbrella of DoReMi

(Low Dose Research towards Multidisciplinary Integration). This 

European network of excellence, funded by Euratom, promotes 

research into the risks of exposure to low radiation doses. It also 

aims to provide new impetus to training and education in this 

field.

Developmental defects

Besides cancer, developmental defects in unborn children are 

also a major concern in radiation protection. It was long assumed 

that the exposure of pregnant women in the first week of preg-

nancy had either no impact or led to the death of the embryo. 

This principle or ‘all-or-none-rule’ has been challenged in recent 

years. Studies on some mice species show that the irradiation of 

an embryo in the first stages of pregnancy could indeed lead to 

deformities. It could also lead to instability of the DNA, with a 

potential risk of developing cancer. 

SCK•CEN has been investigating the genetic factors that may 

trigger such effects, for several years. Under an agreement with 

FANC, SCK•CEN studied the effect of mutations in the genetic 

material of mice embryos to prevent deformities. In an interna-

tional consortium with European and Canadian research centres, 

SCK•CEN radiobiologists studied whether developmental defects 

in mice, caused by irradiation, are transferable to the next gen-

eration. 
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“We are closely involved in the inter-
national investigation into the possible 
harmful effects of low radiation doses on 
humans. In the years to come, we will 
also be contributing our know-how to help 
build a broad scientific basis for radiation 
exposure and protection.” 

Sarah Baatout
Paul Jacquet
Hanane Derradji

Both studies suggest that the risk of malformations in human em-

bryos due to low doses of X-rays in early pregnancy is fairly small 

compared to the spontaneous risks of a congenital abnormality. 

Extension of expertise

With this research, SCK•CEN contributes to a broad scientific ba-

sis for radiation exposure and protection. What is being studied 

			 This	in	vitro	cel	culture	shows	mouse	embryos	at	the	two	cell	stage,	24	hours	after	fertilization.	
	 They	are	surrounded	by	an	envelope,	the	“zona	pellucida”,	and	are	one	tenth	of	a	millimeter	in	diameter.

is not only radiation for medical applications, but also accidental 

and cosmic radiation. In the years to come, SCK•CEN will further 

extend its expertise in the field of developmental and cancer biol-

ogy, radiotherapy and radiobiology for space applications with a 

number of research projects. A wide range of effects will be inves-

tigated in this context, such as the effects of CT scans on young 

children, of low radiation doses on the cardiovascular system, 

and cosmic radiation on the health of astronauts. 
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How does the average Belgian view nuclear technology?

Barometer assesses knowledge 
and risk perception

Irrespective of the choices made in the future, ques-

tions about nuclear safety, radiation protection and 

waste management will always be of topical interest. 

SCK•CEN has consciously opted for social research on 

risk perception, sustainable development, and com-

munication. SCK•CEN founded the Barometer in 2002 

in order to keep both feet firmly planted in society: a 

regular, large-scale survey amongst the Belgian popu-

lation on radiation and nuclear technology. The find-

ings of the third edition were published in 2010.  

Do people feel sufficiently protected against the risks of radioactive 

radiation? To what extent are they interested in nuclear science? 

And is there a difference in the attitudes of younger and older peo-

ple about nuclear power? There are important questions to which 

a clear answer is relevant, in order to better inform and involve 

people in the future, and to understand how people perceive the 

risks of nuclear technology.

General and specific

The Barometer is regularly purchased by more than 1000 adult Bel-

gians whose gender, location, age, degree of urbanisation and pro-

fession are representative of the entire Belgian population. In order 

to discover long-term trends, each edition of the Barometer asks 

a number of general questions. For example: what is the attitude 

towards nuclear energy? In addition, each issue of the Barometer 

focuses on a specific topic. 

The first SCK•CEN Barometer in 2002 was about participation and 

involvement of interest groups. In order to make comparisons pos-

sible, the general section of this survey elaborated on the risk per-

ception survey of the French IRSN (Institut de Radioprotection et 

de Sûreté Nucléaire), which has annually conducted a similar study 

since 1989. A second and third survey followed in 2006 and 2009. 

In 2006, the survey concerned the possible consequences of a ra-

diological contamination of the food chain. The most recent survey, 

in 2009, probed the communication needs and expectations in case 

of nuclear emergencies. 

 

Active information

The results of the third Barometer were published in 2010. Gener-

ally speaking, people today are less concerned about the potential 

risks of radioactive radiation or a nuclear accident than previously. 

They are also more aware of the presence of natural radiation from 

radon in homes. However, there is still insufficient knowledge 

concerning nuclear technology and about the key players in the 

nuclear world. The Barometer also provided remarkable conclu-

sions about communication. The average Belgian’s view is that, in 

particular, there must be clearer communication concerning waste 

management and the safe operation of plants. And further, that 

the competent authorities must more actively inform the popula-

tion during a nuclear incident, as in Fleurus in 2008.

Social research

The research methodology of the Barometer has been further re-

fined over the years. Where in the beginning it relied mainly on 

the existing French questionnaire, SCK•CEN’s own contribution is 

now much greater, and the statistical analyses are also more thor-

ough. Scientists at SCK•CEN also use Barometer results to refine 

the methods of other types of social research. The respondents 

find the survey remarkably user-friendly: since 2006, all the infor-

mation was collected via the CAPI method (Computer-Assisted Per-

sonal Interviewing), where participants are personally interviewed 

at home and the data are immediately entered into the computer.
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“Through the Barometer, SCK•CEN regu-
larly assesses the knowledge and risk per-
ception of nuclear technology amongst 
the Belgian population. This is important 
in order to better inform and involve peo-
ple in our activities in the future, and to 
know what nuclear technology achieves 
in society. Nuclear research is therefore 
not just a ‘hard’ positive science.”  

Catrinel Turcanu
Tanja Perko

The SCK•CEN programme PISA (Programme of Integration of So-

cial Aspects into Nuclear Research) has been in operation since 

1998. The programme studies the social, political and ethical 

implications of nuclear research and the impact of nuclear sci-

ence on society. SCK•CEN uses the impetus provided by PISA to 

encourage critical reflection on nuclear technology within its 

own organisation. The safety culture has therefore developed 

further as an important topic within the organisation.

In 2010, PISA was integrated into the Nuclear Science & Tech-

nology Studies unit. This unit operates within SCK•CEN on the 

social pillar of nuclear research, using qualitative and quantita-

tive studies such as public opinion surveys and multi-criteria 

analysis.

			 More	than	1000	adult	Belgians	representative	of	the	entire	Belgian	population,	regularly	obtain	the	Barometer.

Social research at SCK•CEN
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A long-term solution for Belgian category A waste

SCK•CEN provides scientific input for the 
surface disposal facility in Dessel

Short-lived low and intermediate level radioactive waste 

is generated in nuclear energy production, in industry, 

medicine and research. This ‘category A’ waste can be 

disposed safely on the surface without risks to human 

health – either today or in the distant future. In Dessel 

ONDRAF/NIRAS, the Belgian Agency for Radioactive 

Waste and Enriched Fissile Materials, is preparing for 

the construction of a surface disposal facility: a long-

term solution for Belgian category A waste. SCK•CEN is 

intensively involved in the scientific basis for the security 

dossier for this installation.

In 2006, ONDRAF/NIRAS commenced the implementation of the 

cAt project: the integrated project for the surface disposal of short-

lived low and intermediate level radioactive waste in Dessel. In or-

der to be able to commence the construction and operation of the 

disposal site, ONDRAF/NIRAS has to first apply for a nuclear licence 

from the FANC. ONDRAF/NIRAS is preparing a safety dossier in con-

nection with this licence application, which will be submitted in 

2011. 

Safety studies

Several leading domestic and foreign research institutions, engi-

neering and consulting firms are contributing to the formulation 

of the technical and scientific basis for this dossier. These safety 

studies investigate different aspects of safety up to the smallest 

detail. They must show that the disposal installation offers a suf-

ficiently durable and safe long-term solution for the disposal of 

category A waste. 

The SCK•CEN studies focus on the behaviour, the possible release 

and distribution of radioisotopes. The possible release of trace 

amounts of radioisotopes from the storage location to the soil, 

into the groundwater and the biosphere (man and environment) 

over a period of several hundreds or even thousands of years, will 

be calculated using models. 

Groundwater

The subsoil in Dessel was surveyed up to many tens of metres 

depth and has been meticulously stored in hydrogeological mod-

els of groundwater movement and isotope transport. The models 

for groundwater movement can be calibrated by measuring the 

groundwater in the Mol-Dessel region and far beyond, for more 

than twenty years. The calibrated models form the basis for calcu-

lations of isotope transport in groundwater. These are a vital link 

for biosphere studies.

With biosphere studies, SCK•CEN surveyed the impact of radiation 

on living organisms. These studies must demonstrate that humans 

and the ecosystem are well-protected during the use of the dis-

posal site and thereafter as well.

Concrete as a key material

The principle of surface disposal is that the radioactive waste is 

contained and isolated until its harmfulness has decreased to an 

acceptable level. This ensures that the waste does not constitute  

a risk to humans or the environment, even in the long term. Con-

crete plays an important role in this concept. 

SCK•CEN is involved in studies to investigate the ability of concrete 

to remain watertight for long periods. Concrete is also a suitable 

containment material because it is well adapted to adsorbing radio-

isotopes. With the help of various international experts, SCK•CEN 

has determined the absorption of a large number of radioisotopes 
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“Several leading domestic and foreign 
research institutions and engineering 
and consultancy firms are working on 
the technical and scientific basis for 
this safety dossier. We are investigating 
the behaviour and distribution of radio-
isotopes from the disposal installation 
into the soil, the groundwater, the food 
chain and the ecosystem.” 

Dirk Mallants

in concrete. Since this material undergoes both physical and chem-

ical changes in the course of time, a model that simulates the ab-

sorption of concrete as a dynamic process, was developed. 

The test cover

ONDRAF/NIRAS sets up testing arrangements to confirm the design 

choices and model calculations for the disposal. SCK•CEN contrib-

uted to the design of the test cover, which will imitate the behav-

iour of the various natural layers in the final cover. Researchers will 

monitor the materials and processes in the test cover in the long 

term. These measurements will provide essential data to further 

refine and validate SCK•CEN’s computer models.  

			 The	surface	disposal	modules	confine	the	category	A	waste	until	its	harmfulness	has	decreased	to	an	acceptable	level.
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Innovative warning system 
for nuclear proliferation

The International Atomic Energy Agency shows keen interest

In order to prevent nuclear proliferation, nuclear fuels 

and other strategic materials have to be responsibly 

managed. Non-proliferation aims to counteract the 

uncontrolled proliferation of nuclear materials world-

wide. SCK•CEN is developing an innovative nuclear 

warning system based on political and economic indi-

cators. Such a system should allow the early detection 

of the development of a nuclear weapons programme.

The International Atomic Energy Agency (IAEA) monitors the peace-

ful use of nuclear energy in over 170 countries under international 

agreements, including the Non Proliferation Treaty. It does this 

through the regular inspection of nuclear installations, inspecting 

nuclear records, using satellite imagery, etc. In short, by carrying 

out a wide range of technical checks. These are called ‘safeguards’.

Improved measurement technologies

The existing system of safeguards checks whether sensitive nu-

clear materials are being used for peaceful applications of nu-

clear energy. In order to preclude the use of nuclear material for 

military purposes, the IAEA regularly conducts checks on nuclear 

installations and the signatories of the treaty are bound to notify 

changes well in time. SCK•CEN is closely involved in these safe-

guard inspections. It provides technical support to the agency 

and to other research institutions. This expertise leads to better 

measurement technologies so that inspectors can do their work 

better and faster.

Proactive detection

The disadvantage of traditional inspections, however, is that the 

States themselves have to notify a part of their nuclear materi-

als. The IAEA often only detects nuclear proliferation when the de-

velopment of a nuclear weapon is already well under way. More-

over, the boundary between a peaceful nuclear programme and a 
			 The	FORK	detector,	developed	by	SCK•CEN,	used	in	safeguards	for	

spent	fuel	characterisation.



> chapter 3

53

SC
K•

CE
N

 - 
H

ig
h

lig
h

ts
 2

01
0

“The result of our study is an indicative 
model that allows the detection of nuclear 
proliferation at an early stage. The meth-
od may be an interesting supplement to 
the technical inspections of the IAEA.” 

Steven Smet
Klaas van der Meer

parallel military programme is not always easy to detect. Thus, it 

has been repeatedly demonstrated in the past that proliferating 

states are masters in keeping clandestine their nuclear weapons 

programmes. 

Another option is to check nuclear proliferation from the demand 

side. This more political and less technologically tinted vision as-

signs central importance to the motives of a country to develop 

nuclear weapons – why it wants a nuclear weapon – and to its 

decision-making processes. According to this view, nuclear pro-

liferation takes place when a country takes an explicit decision 

to acquire a nuclear weapon, and does this through a nuclear 

weapons programme, the purchase, or the theft of a nuclear 

weapon. The focus is not only on the decision itself (why does 

a country take such a drastic decision?), but also the manner 

in which the state structures the armaments process. The big 

advantage of this demand side approach is that one can detect a 

number of indicators at a very early stage, long before the IAEA 

can objectively establish misuse. And it is precisely in this phase 

that a country can still be convinced to abandon a nuclear weap-

ons programme.

New indicators

The question is which factors influence the decision-making in 

nuclear proliferation and how such processes work. Together 

with the University of Antwerp, SCK•CEN listed thirty indicators 

under the strong urging of the IAEA: regional security situation, 

alliance with a nuclear weapon state, type of regime, the safety 

perception, geopolitical situation, availability of fissile material, 

technology, import dependence, etc. These indicators explain 

why a country wishes to develop a nuclear weapons programme 

and whether it can do so. The research partners also investigated 

the different thresholds that must be overcome in such a pro-

cess: the financial condition, the level of industrialisation and 

science, convincing the enemies, etc.  

Interest of the IAEA

The situation in some sixty countries is compared on the ba-

sis of the indicators. This allows one to check which indicators 

are most strongly associated with countries that have started 

a nuclear weapons programme in the past. The result is an in-

dicative model that allows the detection of nuclear proliferation 

at an earl(y)(ier) stage. This model can serve as a basis for an 

‘Indication and warning framework’ that is complementary to 

the technical safeguard inspections of the IAEA. SCK•CEN’s new 

prevention system can, for example, help decide which countries 

should be subject to greater and stricter controls in the future.
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4. Sharing knowledge and 
 expertise

SCK•CEN is a knowledge centre of international standing. Making knowledge more 

easily available, spreading nuclear know-how, sharing expertise and transferring it 

to future generations,  both within as well as outside the organisation: for SCK•CEN, 

this is only logical.

55
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Alexandria: towards an efficient centralised document management

More efficient business processes

SCK•CEN’s capital is the knowledge of its staff. There is 

an enormous amount of information circulating within 

the research centre. A centralised management for all 

documents is also critical to efficiently manage, share 

and unlock the expertise. Since 2009, SCK•CEN has 

been working on a document management system: 

Alexandria. A first test draft was completed in 2010.

The aim of Alexandria is to improve the business processes of 

SCK•CEN, to make information individually available via a user-

friendly platform and to manage the information throughout its 

life cycle.

Smart information management

Via a central platform, SCK•CEN employees can see at a glance who 

is participating in a project, abstracts can be read, and searches for 

documents can be made (via full text and metadata) and even doc-

uments read and uploaded, meetings can be organised, etc. Such 

smart document management systems are increasingly becoming 

indispensable every day. 

For a nuclear research centre like SCK•CEN, the need is even more 

definite, as many projects continue for several years, and even 

decades. An efficient transfer of data between fellow researchers 

and between different generations of experts is in fact of strategic 

importance.

MYRRHA as a test case

In 2009, the different types of documents and their related 

processes were surveyed as part of a preliminary survey. In 2010, 

the concept test was successfully completed for a first of the ten 

defined environments, and for project management. The technical 

feasibility and user-friendliness were central in this connection. 

MYRRHA was selected as a test case. That is a large project with 

several subprojects and numerous processes, in short, a complex 

document management environment. 

In the tested environment, the system was found to satisfy the 

necessary requirements. The concept test provides the foundation 

for the further rollout of the document management system across 

the organisation. Alexandria must be operational throughout 

SCK•CEN within five years.

Competence management

In 2010, SCK•CEN started setting up a competence centre. This 

aims to better define the skills within SCK•CEN and must develop 

into an important tool to select, train and evaluate employees. The 

competence centre must therefore become a major asset for the 

staff as well as the organisation. In 2010, the focus was on behav-

ioural skills, and in 2012, SCK•CEN will focus on technical skills. 

“An efficient transfer of data between fel-
low researchers and between different 
generations of experts is of strategic im-
portance for a nuclear research centre like 
SCK•CEN.” 

Danielle Couvreur
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			 Course	on	preparedness	and	response	in	case	of	nuclear	or	radiological	emergencies.

Thus SCK•CEN participates in several European projects within the 

Seventh Framework Programme, and contributes to the interna-

tional exchange of training expertise. SCK•CEN plays a pioneering 

role as a coordinator in the ENETRAP II project (European Network 

for Education and Training in Radiation Protection), while it is an 

active partner in other projects.

Nuclear training in international perspective

SCK•CEN has a prominent presence in 
major European collaborative projects  

In all radioactivity applications, nuclear, but also in 

medicine for example, the knowledge and skills of the 

people is one of the main pillars. It should be possible 

to continue to develop their expertise for future 

generations. The European Union pursues an active 

policy in the field of nuclear education and training. 

SCK•CEN also participates in the same. 

Across borders

SCK•CEN attaches great importance to the training of its employ-

ees. SCK•CEN is looking just as resolutely across borders, and helps 

develop training programmes for external clients in Belgium and at 

the European level.
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“SCK•CEN is part of a network of knowledge 
centres and research institutions across 
Europe and even beyond. The fact that we 
have so much expertise makes us a valued 
partner in many international training 
projects.” 

Michèle Coeck

Perfectly positioned to be an international 
partner

It is striking that while the use of ionising radiation is continuously 

increasing in importance, the number of experts on radiation pro-

tection is falling. The expertise in safely use ionising radiation and 

in developing new technologies in the future, is nevertheless cru-

cial. By exchanging good examples and improving European train-

ing courses on radiation protection, twelve European partners want 

to standardise the training for an RPO (Radiation Protection Officer) 

and RPE (Radiation Protection Expert) in the ENETRAP II project. The 

introduction of a training passport for radiation protection – as a 

means of recognising training courses across Europe – is also on 

the cards. SCK•CEN has been offering training courses (and training 

infrastructure) on radiation protection for many years. The research 

centre is therefore also well-placed to coordinate ENETRAP II. 

More than 20 international partners see the bigger picture in 

TRASNUSAFE (Training schemes on nuclear safety culture). The 

goal: to perfect the safety culture in the nuclear and medical sec-

tors. The researchers survey the needs of operators of major nuclear 

facilities and key personnel in hospital radiotherapy departments, 

and develop training programmes that better meet their needs. 

TRASNUSAFE started in late 2010 and lasts for four years. SCK•CEN 

is responsible among other things, for the first part of the study 

– the analysis of requirements. The PISA group (Programme of In-

tegration of Social Aspects in Nuclear Research) provides advice 

and organises reflection groups in this context, which will enquire 

about a trans-disciplinary basis for training in radiation protection 

and nuclear safety.

Young professionals are prepared to handle new technical nuclear 

challenges via the project ENEN-III (Training Scheme on Nuclear En-

gineering). Through seminars, workshops, courses, exchanges be-

tween organisations and personal coaching, youngsters are acquir-

ing the knowledge and skills required in their specific job profile, 

such as for example, design engineers for future GEN IV reactors. 

Recording the newly acquired skills in a training passport is another 

target in this connection. Such a passport offers employees job mo-

bility within Europe, and provides employers an international pool 

for recruiting employees. 

In the projects ECNET (EU-CHINA Nuclear Education and Training 

Cooperation) and ENEN-RUSSIA, the European Union examines the 

possible benefits of collaborating on training with both China and 

Russia. The partners look at the needs, opportunities are identified 

and mapped out on a road-map.

SCK•CEN is setting up international academic programmes even 

outside the Seventh Framework programme. Thus in 2010, a Mem-

orandum of Understanding was signed with the University of Pisa.
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One of the pillars in the training activities of SCK•CEN is to pro-

vide guidance to students. The Centre makes its facilities and sci-

entists available, to provide guidance and support to Doctorate, 

Masters and Bachelor’s degree students. Even final year secon-

dary school students are welcome!

Tailor-made class visits

SCK•CEN provides the senior students of the Science stream 

in the ASO (General Secondary Education) and TSE (Technical 

Secondary Education) the opportunity of visiting SCK•CEN with 

their class. In 2010 we welcomed 129 young people, who had 

an opportunity to get to know our researchers, their laborato-

ries and their research. The class may opt for a guided tour. 

Currently three themes are developed: 

Reactor technology: during this tour, the students become 

familiar with the operation of a reactor. The various histori-

cal milestones in the development of nuclear technology are 

explained, and we conclude with a look at the future: the de-

velopment of GEN IV reactors.

Radioactive waste: one of the major challenges of the com-

ing years is explained. The students will visit the underground 

laboratory HADES and learn about SCK•CEN’s research on ra-

dioactive waste disposal and the waste policy.

Space research: Humans living in space are becoming a more 

frequent phenomenon. SCK•CEN plays an important role in 

space research in the context of microbiology, human biology 

and radiation dosimetry. What impact do cosmic radiation, 

combined with zero gravity, have on humans, bacteria and 

plants? These studies are conducted in collaboration with in-

ternational partners. SCK•CEN is collaborating with the Euro-

pean Space Agency ESA to develop biological systems to purify 

water and to recycle waste to oxygen and food for long space 

missions, among other things. In the laboratories, young peo-

ple can test the theory behind what clearly appeals to them 

in practice.

The fact that these introductions are assessed to be ‘class vis-

its’, encourages us to continue.

Knowledge transfer to the new generation: 
young people explore SCK•CEN
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Internal Service for Prevention 
and Protection at Work

SCK•CEN is a Class A company as per the Law on 

Welfare, and it is therefore mandatory for it to have 

an Internal Service for Prevention and Protection 

at Work (the ISPPW). The main tasks of this Service 

are work safety and hygiene, ergonomics, medical 

monitoring, environmental impact, socio-psycho-

logical factors and harassment at work. In addition, 

SCK•CEN is also a Class 1 company as per the AR-

BIS (General Radiation Protection Regulations) con-

cerning protection against the dangers of ionising 

radiation. For that reason, a physical control depart-

ment is integrated into the ISPPW. This department 

monitors the use of equipment, installations and 

products that generate ionising radiation or contain 

ionising sources.

Expert assessment

A safe operation of nuclear facilities is crucial in or-

der to protect the staff, the population and the en-

vironment, but also to ensure the proper function-

ing of the installations in the long term. The ISPPW 

will assess the safety of installations as part of its 

legal obligations. For example, the department 

provides its expert opinion whenever new experi-

ments are set up within SCK•CEN or new plants are 

commissioned. The ISPPW also oversees the safety 

of employees (internal and external) and the po-

tential impact on the environment. Bel V, the in-

spection body of the FANC, oversees the proper 

functioning of the physical control department.

Periodic safety assessments

SCK•CEN is constantly striving to improve the safe-

ty level further. In addition, SCK•CEN is bound to 

carry out a comprehensive safety assessment every 

General annual review
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> annual review  

ten years as per the terms of its nuclear licence. 

The last periodic safety assessment (PVE) was car-

ried out in 2006, and the next one is scheduled for 

2016. In 2010, SCK•CEN published a dossier with a 

status report on the periodic assessment for each 

installation within SCK•CEN. As part of the PVE, 

the ISPPW investigates the potential effects of an 

earthquake on BR1 and of the complete loss of elec-

trical power, and suggests points for improvement 

wherever required. For BR2, the ISPPW conducted 

a thorough re-evaluation of the high-pressure cycle 

CALLISTO, investigated the entire primary circuit 

and followed-up the mechanical properties of the 

reactor vessel.

In 2009 the ISPPW purchased a new intervention 

vehicle. This vehicle is fully equipped to conduct ra-

diological measurements in the field and can also 

be hired by other parties.

Training and education

The ISPPW makes its extensive safety expertise 

available both within and outside SCK•CEN. The 

continuous training of staff in radiation protec-

tion, legislation and safety culture are among its 

tasks. The ISPPW is also actively involved in aca-

demic courses and practical courses, organised by 

SCK•CEN. The ISPPW plays a central role in its co-

operation with national and international bodies, 

in view of its expertise and know-how.

The totality of assessments and safety improve-

ments, maintains the safety of the installations at 

the appropriate level. This ensures safe operation, 

and protects employees, the public and the envi-

ronment against the hazards of ionising radiation.

The dossier on nuclear safety of the SCK•CEN 

installations is available for reference at 

www.fanc.fgov.be

The renovation of the SCK•CEN 
buildings is proceeding as per 
schedule

The buildings on the SCK•CEN site in Mol date 

back to the 1950s and 1960s. In recent years, a few 

typical signs of aging were found. For this reason, 

SCK•CEN launched a major, ten-year renovation 

programme in 2008, in which the electricity facili-

ties and heating installations were also included. Af-

ter the renovation, the buildings will be adapted for 

at least twenty years to the modern requirements 

in terms of energy efficiency, fire safety and insu-

lation. The renovation plans do take into account 

the individual character of the SCK•CEN buildings. 

They have since long won themselves a place in the 

industrial heritage of the region. 20 million Euros 

have been sanctioned for the entire refurbishment 

programme.

The renovation of the SCK•CEN site will be taken up 

systematically, building after building. In 2010, the 

renovations to the main workshop and the sanitary 

facilities of the administrative part of BR2 were 

completed. The work on the BR1 building, where 

both the left as well as the right wing and the roof 

will be renovated, should be completed by the end 

of 2011. At that time, the renovation of the GKD 

building will commence, which will probably take 

three years. A number of other buildings will also 

receive a lasting facelift at a later stage. The reno-

vations should be completed by 2020. Apart from 

the buildings, the residential area, the water tower 

and the drainwater line for nuclear waste water be-

tween LHMA and Belgoprocess will be renovated.

Renovation can only be carried out if the building 

is (partially) emptied and evacuated. ‘Hob units’ 

have been constructed near the Technology build-

ing to provide staff with a workplace during the 
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work. These temporary, but fully-equipped work-

spaces have been in use since 2010. Together, they 

cover an area of 900 m² and can accommodate 60 

employees. 

Human Resources Management 
seeks and recruits new staff for 
MYRRHA project

In 2010, SCK•CEN received support from the feder-

al government for the MYRRHA project. In order to 

bring the first phase of this project (up to the end 

of 2014) to a successful end, SCK•CEN conducted 

a search last year for thirty motivated temporary 

or permanent employees. SCK•CEN is looking for 

both Doctorate as well as Masters candidates in 

engineering sciences, bio-engineering and in in-

dustrial sciences, who are familiar with issues like 

nuclear science, material physics, electro-mechan-

ics, electricity, electronics, chemistry and compu-

ter science.

This meant a challenge for HRM: highly-skilled 

people are scarce in the Belgian labour market. 

HRM has used several recruitment channels to 

recruit sufficient staff.  Of course, potential can-

didates have been sought even across national 

borders. The MYRRHA project had already recruit-

ed 13 new employees in 2010.  Another 11 new 

employees join up in 2011. Five employees were 

recruited via consultancy firms through public ten-

der.  A number of vacancies remain to be filled for 

the project.

It is remarkable but no coincidence that the 

MYRRHA project can count on great interest from 

many foreign candidates. This means that SCK•CEN 

can welcome employees from France, The Nether-

lands, South Africa, China and South Korea. The 

MYRRHA team is therefore not only multidiscipli-

nary, but also multicultural. These new employees 

will be engaged in the four SCK•CEN institutes. 

The MYRRHA project has also led to a review of the 

organisation of the Institute for Advanced Nuclear 

Systems.

Clearly, recruitment for other projects and for the 

replacement of departing employees also contin-

ues further.

Summary of the social balance 
sheet for 2010

Number of employees as on 31/12/2010

Total 581 72 626,9

Under a Contract of 

Employment for an 

indefinite duration

549 71 594,5

Males 466 42 491,7

Females 115 30 135,2

Number of employees 

joining service
81 81,0

Number of employees 

leaving service
65 8 69,2

Average number of 

employees
570 76 618,0
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SAP as a tool for an even more 
efficient SCK•CEN

Since 2009, SCK•CEN has introduced an SAP sys-

tem (Systems, Applications and Products in data 

processing) in order to further improve its busi-

ness processes. SAP is an integrated information 

and control system in which all business pro-

cesses are stored and managed. SAP was further 

implemented within the organisation in 2010. 

SCK•CEN will continue these efforts in the com-

ing years as well, to enable the maximisation of 

the added value of the system for the organisa-

tion.

CRM: the basis for centralised 
management of contacts

The central and scrupulous follow-up of contacts 

with the outside world (partners, customers, 

stakeholders, etc.) is an important element in 

the ‘business intelligence’ of a research organi-

sation like SCK•CEN. The requirements were sur-

veyed in early 2010, in close collaboration with 

an external partner and our internal IT depart-

ment, and Microsoft Dynamics CRM was chosen 

as a software solution. This CRM package will be 

effectively put into operation within SCK•CEN in 

2011.

SCK•CEN communication: 
systematic and diverse

The researchers and support services of SCK•CEN 

have carried out numerous studies and analy-

ses over the years, and worked out innovative 

projects. The accumulated knowledge contains 

an endless amount of information. A significant 

part of these offer solutions to socially relevant 

issues. SCK•CEN aims to disseminate this knowl-

edge through training and communication. 

Communication about research that is carried 

out at SCK•CEN, is systematic and diverse. It was 

marked in early 2010 by the inauguration of the 

GUINEVERE project in the presence of around 200 

or so guests and staff. GUINEVERE is a step forward 

in the development of MYRRHA, the world’s first 

demonstration system of a reactor driven by a par-

ticle accelerator.

Topical days 

SCK•CEN organises ‘topical days’ (TD) four times 

a year. These are scientific meetings at which re-

searchers or guest speakers explain their research 

to the Research Centre staff and external partici-

pants.  In 2010, SCK•CEN organised topical days 

on: 

• Effects of radiation on instrumentation: from 

components to systems

• Generation III reactors

• Bio-informatics: from base to byte and back 

• 35 years of fusion R&D at SCK•CEN 

SCK•CEN also organised a symposium on medical 

radioisotopes and the role that MYRRHA will play 

therein, in cooperation with the National Institute 

for Radio Elements (IRE) and the European Isotopes 

Transport Association (EITA). The symposium at-

tracted over 120 participants to SCK•CEN from all 

over the world.

For detailed information, please visit 

http://www.sckcen.be/en/Events

> annual review
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For a wider public

Apart from these events, often intended for a se-

lect audience, SCK•CEN also makes an effort to 

show the general public who it is and what it does. 

As a research institution and nuclear site, this is 

however not obvious. In 2010, SCK•CEN welcomed 

1976 visitors. In addition, a number of open days 

are held approximately every five years.

The brochures and leaflets on the SCK•CEN web-

site are an additional source of information, tai-

lored to a wide audience.

SCK•CEN in the media

The media have become an indispensable part of 

society and on the information superhighway, it is 

becoming ever faster and faster. In 2010, SCK•CEN 

therefore made a great effort to formulate the in-

formation with the right words and images and to 

maintain close contacts with the media. SCK•CEN 

sent several press releases, accepted several re-

quests for interviews, and organised a media con-

tact day and a number of press conferences. In ad-

dition, some employees attended a media training 

course.

Internal communication is indispensable

Communication with the outside world is essen-

tial, but SCK•CEN does not forget its own staff 

either. SCK•CEN employees learn about the vari-

ous research areas at monthly ‘lunch talks’. Since 

the buildings are scattered all over the technical 

site, this is also the opportunity to meet and get 

to know the others. In 2010, a ‘meet and greet’ 

was organised with staff from the Institute for En-

vironment, Health and Safety. This is one of the 

four institutes founded in 2006 during a major re-

organisation. The institute’s researchers presented 

their work. 

In short, knowledge transfer to current and fu-

ture generations, both internally and externally, 

is high on the agenda. SCK•CEN will continue its 

efforts for a qualitative information policy.

Scientific output

Scientific output plays an important role in a re-

search centre like SCK•CEN. SCK•CEN uses a spe-

cially developed database to share nuclear research 

with other scientists, to manage knowledge, 

preserve research papers, to encourage (new) re-

searchers to publish and to annually review our 

contribution.

2009

  Books 11

  Articles in (conference) 

 proceedings  85

  Journals 124

  Presentations 378

2010

  Books 11

  Articles in (conference) 

 proceedings 64

  Journals 137

  Presentations 399



65

SC
K•

CE
N

 - 
H

ig
h

lig
h

ts
 2

01
0

The non-confidential publications are available to 

both researchers and the general public through the 

Institutional Repository on the SCK•CEN website.

The diagrams on the previous page show the 

number of scientific publications that SCK•CEN re-

searchers have written for each medium in 2009 

and 2010

Finances

For years, SCK•CEN has consciously maintained 

sound policies on the scientific, structural and finan-

cial front. The year 2010 was marked by a number 

of events, of which the inauguration of GUINEVERE 

and the official support from the federal government 

to the MYRRHA project form the cornerstones. But 

although the financial resources are being strength-

ened, it is still a considerable task to maintain the in-

vestment policy that has been launched, for MYRRHA 

as well as for the entirety of the research activities 

and services. It is SCK•CEN’s ambition to constantly 

improve the scientific equipment and the traditional 

infrastructure. The renovation plan for the buildings 

extends over the next ten years and will cost 20 to 

25 million Euros, while the investments for the secu-

rity of the site and the physical separation from the 

VITO (Flemish Institute for Technology Research) are 

still to be made. The decision to keep BR2 in opera-

tion until 2026, implies that the beryllium matrix of 

the reactor will have to be replaced. The renewal of 

the computer network and the integrated manage-

ment system will require time as well as money. 

2010 was a success in financial terms: a positive re-

sult of 4.2 million Euros was recorded, after appro-

priating 2.0 million Euros to the designated funds. 

Expressed in terms of budget execution, this repre-

sents a deficit of 4.9 million Euros, which can mainly 

be explained in terms of annual investments exceed-

ing the depreciation and a significant increase in our 

inventories.  The significant increase in cash flow 

(profit + depreciation) from 2009 to 2010 was prima-

rily due to the increase in sales revenue (10.2 million 

Euros), which is significant, due to the sixth operat-

ing cycle of BR2 (net impact of 4.2 million Euros). 

Moreover, the research programmes of the Institute 

for Nuclear Materials Science are also more compre-

hensive than in the past. The annual federal grant 

shows a decline (0.6 million Euros), but the specific 

allocation to MYRRHA brought in a contribution of 

6.0 million Euros for the first year of the 2010-2014 

funding. The government grants constitute 44.2% of 

the revenues.

  Sales 54.954

  Federal endowments, capital subsidies 49.544 

  Other 5.801

  Financial income 1.625

  Extraordinary income 252

 Total income 112.176

  Remuneration 56.603

  Purchases, services 33.493 

  Provisions 10.374

  Depreciation 5.524

 Total expenditure 105.994

 Transfer to designated funds -2.000

 Result expenditure 4.182

		2010	-	in	kEUR

> annual review
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Comparative balance sheets (in thousands of Euros)

Assets 2010-12-31 2009-12-31

Intangible fixed assets 2.562 1.177

Tangible fixed assets 28.478 25.179

Long-term loans and investments 5.860 5.857

Work in progress 18.462 14.179

Receivables due in at the most one year 24.893 22.630

Investments 84.233 72.120

Cash and bank balances 4.689 5.626

Prepayments and accrued income                                               1.387 867

Total 170.564 147.635

Liabilities                                                                  2010-12-31 2009-12-31

Share capital and reserves 48.098 41.774

Provisions for risks and costs 88.319 77.945

Debts payable in more than one year 0 0

Financial liabilities 0 0

Trade debts 11.534 8.465

Advances received 12.022 11.918

Taxes, salaries and wages, and social security contributions 8.711 7.488

Other liabilities 38 39

Accrued and deferred liabilities 1.842 6

Total 170.564 147.635

The total costs of SCK•CEN in 2010 amounted to 

106.0 million Euros, of which 53% were on person-

nel, 32% for purchases and services, 10% for facilities 

and 5% for depreciation. The provisions are mainly 

related to the expected expenditure on dismantling 

of installations in the future. The funds increased by 

11.2 million Euros in 2010 to a level of 88.9 million 

Euros. This is related to the provisions made at the 

end of 2010, amounting to approximately 88.3 mil-

lion Euros, or slightly more than 50% of total assets. 

In 2010, the increase in provisions was as high as 

10.4 million Euros. The net increase in working capi-

tal (short-term assets and liabilities) was 0.8 million 

Euros and the cash flow rose to 11.7 million Euros, 

after 8.4 million Euros in 2009. The investments have 

remained at a high level since 2008 (10.2 million Eu-

ros).
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