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ABSTRACT 
 
This paper focuses on the way the Fifth Framework Programme (FP5) of the European Atomic 

Energy Community (Euratom) (1998-2002) contributed to the overall effort supporting LWR safety and 
on the prospects of FP6 (2002-2006) to achieve the additional goal of contributing to the creation of 
the European Research Area (ERA). The objectives of the FP5 Community research are discussed, 
topic per topic, with reference to the relevant projects contributing to their achievement while 
emphasising the role and expectations of the end-users. 71 research projects have been carried out in 
FP5 with a total cost of 85.4 million €, out of which 43.5 million € are contributed by the EU. Economic 
aspects and needs for nuclear knowledge management throughout the EU-25 countries are briefly 
discussed as well as future Euratom research needs and nuclear stakeholders’ interests. 
Implementation aspects and prospects of Euratom FP6 are discussed bearing in mind the challenging 
additional objective. Very ambitious S/T actions have been undertaken supporting reactor safety not 
only by their technical achievements but also by their structuring effect in the European research 
picture.  
 
Keywords: Reactor safety, plant life management, severe accident, infrastructures. 
 
 
1. INTRODUCTION 
 

Despite the historical safety record of nuclear power plants (NPPs) of Western design, the key 
players believe that research is still needed to further increase both the safety and the performances 
of these power plants in line with the steadily growing pressure of regulatory and market forces as well 
as of the public opinion. Research is still needed, both at the plant dependent level (short-term results 
expected – usually national targeted research) and at the generic level (medium- and long-term results 
expected - usually EU and/or international research). 

It is well known that « Industry is interested in good solutions in one year and not in excellent 
solutions in ten years ». It is thus clear that Community research is not appropriate for technical 
problems requiring a quick solution. Community research is not aimed at providing « good solutions in 
one year », not only because of the inherent inertia of international organisations but also because 
problems of the operational type are usually plant dependent and commercially sensitive in nature. On 
the other hand, Community research may aim at providing « excellent solutions in ten years », 
especially when related to advanced technologies. What most contracting organisations in EU reactor 
safety research programmes (e.g. utilities, regulatory bodies, manufacturing and service industry) are 
looking for, besides S/T discussions, is an international « neutral » platform, bringing together the 
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main stakeholders. Another benefit, appreciated in the current deregulated electricity market, is to 
hear from each other about technical implementation of international safety regulations and so to 
slowly come to a common safety culture throughout the EU-25 countries. 

The Euratom research activities, discussed here, are thus of generic type. The emphasis is on 
the technological problems, leaving man-machine and organisational problems to national (plant 
dependent) research. Current EU research is focusing on the multiple barrier design under both 
operational and severe accident conditions, while exploring new safety concepts of the evolutionary 
type (i.e. Generation 3+ reactors). 

This paper describes first the research priorities and project achievements in reactor safety in 
the Euratom Fifth Framework Programme. The features of the European Research Area (ERA) and 
Sixth Framework Programme are then presented as well as the objectives of the research projects on 
reactor safety. 

2. FP5 RESEARCH PRIORITIES AND ACHIEVEMENTS 

Research actions have been undertaken through three clusters of multi-partner projects: PLIM 
for plant life management; SAM for severe accident management; and EVOL for evolutionary safety 
concepts. The total cost of the 71 projects involved in FP5 is 85.4 million €, out of which 43.5 million € 
are contributed by the EU budget. 

The Euratom research in plant life management (PLIM cluster) is of the operational type. It 
focuses on the following three items: integrity of equipment and structures; on-line monitoring and 
maintenance; organisation and management of safety. 

  
As far as severe accident management is concerned, the cluster SAM focuses on the following 

two items: assessment of severe accident risks; severe accident management measures. Most of this 
research is of the regulatory (or confirmatory) type. 

 
Finally, the activities dealing with evolutionary safety concepts are put together in the cluster 

EVOL focusing on the following two items: evolutionary safety concepts (using, for example, passive 
safety systems); advanced fuel technologies (high burn-up and MOX fuel). Most of this research is of 
the promotional (or exploratory) type. 
 

In the following paragraphs, the main topics addressed by the Community research activities in 
FP5 are discussed with reference to the individual projects contributing to each of them. Information 
on these projects can be found in FISA 2003 and at: http://www.cordis.lu/fp5-euratom/src/projects.htm  

 
2.1. PLANT LIFE MANAGEMENT (PLIM) 
 
Considering the current European nuclear park, optimisation of the operational conditions of 

aged reactors and the decision process about plant life management are key issues for those in 
charge of plant safety and performance. The following challenges are faced today: plant availability 
(ensure integrity of equipment and structures through in-service inspection as well as repair, 
replacement and back-fitting whenever needed); core optimisation and increased plant efficiency 
(install on-line surveillance systems and new control processes); and standardisation of industrial 
norms and of quality requirements.  

 
Community research in the PLIM cluster is conducted on the following three key issues:  

♦ 

♦ 

♦ 

harsh environmental conditions put on structures and equipments (predict the behaviour 
of components to assure plant integrity); 
inspections, tests, maintenance and supervision (monitor the behaviour of components 
and structures, while maximising the plant performances); 
safety culture (emphasis on the harmonisation of best practices through the drafting of 
European handbooks for the benefit of both industry and safety authorities).  
 



 

4300                            Copyright © 2005 by SMiRT 18 

♦ 

♦ 

♦ 

♦ 

♦ 

No wonder that the main actors in the area of “plant life extension and management” are the 
European utilities or the associated engineering companies, that is: EDF in France; E.ON AG and 
RWE AG in Germany; British Energy in the UK; ENDESA and IBERDROLA in Spain, VATTENFALL 
AB in Sweden; SUEZ-TRACTEBEL in Belgium; and FORTUM in Finland – and their affiliates 
throughout the EU-25 countries. 

 
Under Euratom FP5, the total EU budget spent for the 31 projects in the cluster PLIM amounts 

to 18.2 M€, which represents roughly half of the total value of these projects (35.4 M€). This might be 
compared to the total EU budget spent under the 4th framework programme 1994-1998 (FP4) for the 
11 projects in the AGE cluster, which was 2.1 M€. The Community research activities related to the 
PLIM cluster in FP5 are described below.  
 

2.1.1. INTEGRITY OF EQUIPMENT AND STRUCTURES IN PWRS AND BWRS 
Materials properties deteriorate during plant operation. Irradiation, corrosion, thermal fatigue, 

etc, are phenomena participating in the “ageing” of the structural components in NPPs decreasing 
thus the safety margins of the structures. To prevent any in-service failure of the RPV and in general 
of the reactor cooling system, stringent operational rules are necessary, based on the understanding 
of the above phenomena, quantification of their impact and their synergetic effect, as well as on 
accurate evaluation of safety margins. 

 
Measuring and understanding irradiation embrittlement, thereby contributing to the 
improvement of prediction tools for the residual lifetime of NPPs 
During operation, irradiation degrades the fracture properties of the structural components. 

Irradiation embrittlement is thus the subject of a number of different projects, focusing on reactor 
pressure vessel and internals ageing aspects. 

 
Reduce the uncertainties associated with irradiation induced RPV embrittlement; validate 
measuring methods and produce data to evaluate the actual impact of irradiation on 
material toughness (FRAME, PISA, PRIS, INTERWELD) 
Exploit better the surveillance materials, a concern of both operators and regulatory 
authorities facing the continuous decrease of surveillance materials availability and 
evaluate the actual irradiation doses especially in reactors without surveillance 
programme, using relatively simple laboratory tests (PRIS, RETROSPEC, REDOS) 
Propose a EU strategy for materials testing reactors (MTR), including scenarios for task 
sharing and renewal of their capacities (FEUNMARR) and develop multi-scale numerical 
simulation tools for the prediction of radiation effects on materials (ITEM and SIRENA). 

 
Monitoring and understanding corrosion and thermal-hydraulics, thereby contributing to 
the optimisation of operational conditions  
Ageing of reactor internals is in almost all cases associated with irradiation assisted stress 

corrosion cracking. For BWRs, in particular, the 2 major corrosion concerns at present are cracking of 
the core shroud/plate and possible cracking in the lower plenum region. 

 
Reduce the uncertainties associated with corrosion mechanisms; validate testing 
methods and produce experimental data to evaluate the actual impact of corrosion on the 
integrity of RPV and internals (CASTOC, PRIS and INTERWELD); 
Improve the thermo-hydraulics of the primary circuit by developing predictive tools (best-
estimate numerical codes for condensation-induced waterhammer and CFD for local 
boron dilution scenarios), thereby contributing to the spreading of numerical modelling 
tools in the industry (WAHALOADS, FLOMIX-R). 

 
Evaluation of safety margins, thereby improving the understanding of crack growth 
phenomena and the prediction of structural safety margins  
Scientific knowledge progress and feedback from plant experience are continuously taken into 

account and implemented in reviewing the safety margins. This is of great assistance to both 
operators and authorities in charge of plant life evaluation. 
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♦ 

♦ 

♦ 

 
 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

Develop new structural integrity procedures to improve the prediction of structural safety 
margins (VOCALIST and SMILE) 
Develop procedures for crack growth prediction, supported by operational feedback, to 
assess the cracks identified in bi-metallic welds (ADIMEW) or those due to thermal 
fatigue (THERFAT). 

 
 

2.1.2. ON-LINE MONITORING AND MAINTENANCE IN PWRS AND BWRS 
Developing new non destructive testing (NDT) methods, or enhancing the detection capability of 

existing ones, for early detection and subsequent damage, is of benefit to both utilities and regulators. 
The two latter key actors follow with great interest the current debate on the potential development of 
a risk-informed regulatory environment. Finally, maintenance is not only a safety issue, but it is also an 
important component of the economic performance.  

 
Assess detection capabilities of existing NDTs for both reactor coolant system and 
containment building; benchmark and explore capabilities of new NDTs aimed at early 
damage detection for : 

reactor coolant system integrity (SPIQNAR, GRETE and LIRES);  
concrete containment integrity (third barrier) (CONMOD). 

Develop methods for quantitative risk analysis and evaluate their use as a decision 
support tool in risk-informed environments (NURBIM and SPI); 
Develop tools for best maintenance procedures reducing unplanned outage time, thereby 
increasing performance and safety of NPPs (ENPOWER and VRIMOR). 

 
2.1.3. ORGANISATION AND MANAGEMENT OF SAFETY  
Evaluate reliability and implement digital instrumentation and control tools coming from 
the shelf (BE-SECBS and CEMSIS); 
Reduce frequency of safety incidents due to organisational factors (LEARNSAFE). 

 
2.1.4. SUPPORT TO EU ENLARGEMENT POLICY (EMPHASIS ON VVER SAFETY) 

As the EU enlargement process is approaching its end, a number of Central and Eastern 
European Countries (CEECs) become of particular interest, as far as nuclear power production is 
concerned. The Czech Republic, Hungary, Slovakia and Slovenia, which are particularly active in FP5, 
are operating all together 16 nuclear units (15 VVERs-440 and 1 PWR) with a total capacity of 7.3 net 
GWe providing 30 % of their electricity.  Safe operation of these installations is for the European 
energy policy maker at least as important as this of the western technology designed reactors. 
Development of a common safety culture is obviously a common objective of the European integration.  

 
Harmonise VVER and PWR Codes and Procedures for plant life management and 
participate in the development and spreading of a common safety culture (IMPAM-VVER, 
VERSAFE, VERLIFE); 
Integrate governmental (e.g. national regulatory, Euratom FP and TACIS, OECD/NEA) 
and industrial (i.e. private) funded R&D programs (ATHENA and EUROSAFE). 

 
2.2. SEVERE ACCIDENT MANAGEMENT (SAM) 
 
In order to better understand the source term behaviour and to develop appropriate prevention 

and mitigation measures, specific research is needed which combines experimental investigations and 
numerical modelling activities, supported by a robust scaling up strategy to extrapolate from simulated 
to prototypical materials and from small-scale laboratory to full-scale reactor conditions.  

 
As relevant example, the international PHEBUS FP programme, launched by IRSN (France) 

and co-sponsored by several Euratom framework programmes and other partners, is the largest and 
most successful in-pile experimental programme world wide. Based on a series of integral in-pile 
experiments using real core materials, the PHEBUS FP programme evaluates the amount and nature 
of radioactive products that could be released into the environment by occurrence of a core melt-down 
accident.   

 



 

4302                           Copyright © 2005 by SMiRT 18 

♦ 

♦ 

♦ 

It is worth recalling that the Euratom research activities on severe accidents have interactions 
within various international frames, e.g. with CSNI of the OECD/NEA, CSARP of the U.S.NRC and 
IAEA. In addition, a EC driven ISTC ‘Contact Expert Group on Severe Accident Management’ (CEG-
SAM) was launched in 2002 aimed at improving the interaction amongst EU and Russian severe 
accident research teams and to make recommendations on behalf of the EU for selection and funding 
of research proposals. 

 
Actually two types of research are proposed in these Community programmes: knowledge 

driven and application driven. Knowledge driven research activities focus on issues concerning core 
degradation, corium formation in the reactor pressure vessel (and its behaviour inside and outside the 
vessel, in particular, upon a core-catcher) and containment risk issues, while application driven 
research activities are aimed at contributing to develop improved methods and tools for severe 
accident management and relevant operator training.  

 
In general, the risks associated to those phenomena can be reduced through appropriate SAM 

measures that could be implemented through the development of both, engineered systems and 
backfitting measures (e.g. techniques for removing the hydrogen risk in the containment or mitigation 
processes against radiological releases) or through the improvement of new plant specific designs 
(e.g. ex-vessel core catchers) for new plants. Development of specific operating emergency 
procedures is another outcome expected for current and future NPPs. Generally, the results from 
experimental investigations and analytical studies on severe accident (SA) phenomena contribute to 
improve the phenomena understanding (e.g. corium behaviour, hydrogen explosions or radiological 
releases) and to validate SA models and integral codes, which have an impact on the quality of safety 
assessments, reduce uncertainties in the quantification of safety margins and maintain readiness to 
respond to emerging issues. 

 
It is not surprising that the important actors in the area “severe accident management” are the 

European TSOs, working for the national regulatory bodies, that is principally: IRSN in France; GRS in 
Germany; universities and CSN in Spain; NNC and HSE in the UK, SCK-CEN and AVN in Belgium, 
universities and SKI in Sweden and VTT in Finland. 

 
Under FP5, the total EU budget spent for the 23 projects in the cluster SAM amounts 

approximately to 15.3 million €, which represents roughly half of the total value of these projects (28.2 
million €). This might be compared to the total EU budget spent under FP4 for the 45 projects in the 
clusters INV, EXV, ST, CONT and AMM, which was 29 million €. The Community research activities 
related to SAM in FP5 are described below. 

 
2.2.1. ASSESSMENT OF SEVERE ACCIDENT RISKS  

The knowledge driven (phenomenological) research of the relevant projects can be broadly 
divided in two classes corresponding to the loading term and the response of each barrier (i.e. fuel pin, 
reactor pressure vessel, and containment building), that is:  

research related to the loads upon these barriers, both thermal (including irradiation 
induced heat effects) and mechanical (slow and fast pressurisation processes), and  
research related to the response of these barriers to these loads, with the aim to predict 
the damage due to stresses and strains, and ultimately the failure of barriers, and to 
develop appropriate mitigation measures. 

 
Reduce the uncertainties associated with severe accident phenomena; produce 
experimental data to evaluate the actual impact of the severe loads on the various 
barriers and to develop appropriate numerical prediction tools. 
 

Assessment of uncertainties associated with severe accident phenomena (projects 
PHEBUS-FP, COLOSS, LACOMERA, ARVI, LISSAC, ECOSTAR, HYCOM and LPP) 
was conducted under the specific exercise PIRT (Phenomena Identification and Ranking 
Table) performed within the framework of the project EURSAFE 
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♦ 

♦ 

♦ 

♦ 

♦ 

♦ 
♦ 
♦ 

Understanding of phenomena and consolidation of knowledge, by means of different 
experimental projects PHEBUS-FP, COLOSS, LACOMERA, ENTHALPY, ARVI, LISSAC, 
ECOSTAR and HYCOM, supported by the scaling study SCACEX 
Developing numerical code validation strategies for severe accidents integral codes, 
through the projects THENPHEBISP, PHEBEN2, EVITA and COLOSS aimed at 
evaluating code improvement and uncertainties using real plant applications 
Understanding corium stabilisation and coolability both in-vessel and ex-vessel, through 
the projects LACOMERA, PLINIUS and ECOSTAR. 

 
2.2.2. MITIGATION OF SEVERE ACCIDENT CONSEQUENCES (SAM MEASURES) 

The application driven research of the relevant projects can be broadly divided in two classes 
corresponding to risk assessment and to accident mitigation measures, respectively, that is: PSA level 
2 for the probabilistic evaluation of severe core damage and/or large early radioactivity releases, and 
application of deterministic and probabilistic tools for the development of SAM guidance. 

 
Develop severe accident management strategies to reduce the SA risk and propose

 emergency procedures and SAM guidelines 
Investigate in-vessel melt retention strategies (ARVI and EUROCORE) and ex-vessel 
scenarios (EUROCORE and ECOSTAR), ranging from containment risk issues 
(PARSOAR) to natural mitigation approaches (ICHEMM) 
Improvement of new specific designs, in particular related to the ex-vessel core catcher 
on the new EPR Olkiluoto-3 NPP through experimental and analytical activities 
(ECOSTAR). 
Investigate impact on RPV of severe accident scenarios (LISSAC and ARVI) 
Hydrogen mitigation concepts in containment (PARSOAR and THINCAT) 
Assess impact on PSA studies, emergency procedures and SAM guidelines (SGTR, 
OPTSAM, VERSAFE and SAMOS). 

 
2.3. EVOLUTIONARY SAFETY CONCEPTS (EVOL) 
 
 It is worth recalling that there are currently 10 reactor units in construction in Eastern Europe 

and the Russian Federation, and 23 reactor units in construction in the rest of the world, out of a world 
wide total of 441 reactors in operation. Most of these new reactor designs are quite standard. Some of 
these reactors, however, are of the evolutionary type, i.e. with emphasis on design simplification and 
enhanced man-machine interface, with the aim to further reduce any (severe) accident risk. In 
evolutionary LWR designs, the severe accident risk will be further reduced: they often rely on passive 
prevention and/or mitigation features and systems. In the EU, one of these reactors has just started 
construction: the company TVO is building a EPR type reactor (Olkiluoto 3, 1 600 MW). 

 
Community research in the EVOL cluster is addressed in the following two key issues: 
 

♦ 

♦ 

Cost and safety advantages of evolutionary improvements (investigation of potential to 
significantly reduce the risk and consequences of human error and public concerns about 
nuclear technology & investigation of potential phenomena associated with the use of 
passive systems in some evolutionary LWR designs); 
Understanding of the performance of high burn-up and MOX fuel under transient and 
accident conditions.  

 
No wonder that the important actors in the area “evolutionary concepts” are the European 

vendors and manufacturers. 
 
Under FP5, the total EU budget spent for the 17 projects in the cluster EVOL amounts to 

approximately 10 million €, which represents roughly half of the total value of these projects (21.8 
million €). This might be compared to the total EU budget spent under FP4 for the 11 projects in the 
INNO cluster, which was 4.8 million €. The Community research activities related to the EVOL cluster 
in FP5 are described below. 
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♦ 

♦ 

♦ 
♦ 

♦ 

♦ 

2.3.1. EVOLUTIONARY SAFETY CONCEPTS 
The projects in this area have all a strong “numerical” flavour as progress in numerical modelling, 

especially CFD (computational fluid dynamics) codes, is needed to catch up with the progress made 
recently in experimental investigations, especially for passive systems. The further use, improvement 
and applications of CFD codes for a wide range of conditions were strongly recommended in the 
conclusions of some final reports of FP4 reactor safety projects. 

 
Reduce the uncertainties associated with passive decay heat removal systems related to 

reactor coolant system (second barrier) and containment (third barrier)  
Use, development and improvement of three-dimensional and CFD codes (ASTAR, 
ECORA, EUROFASTNET, TEMPEST); 
Improvement of analytical tools. Two of them address the issue of coupling neutronics 
and thermal-hydraulics codes (CRISSUE-S, VALCO). 

 
Prepare the ground for a European strategy for next generation reactors 

Operational practices and design improvement of LWRs (NACUSP, DEEPSSI, FABIS);  
Development of a specific methodology to assess the thermal-hydraulic reliability of 
passive systems (RMPS). 

 
2.3.2. HIGH BURN-UP AND MOX FUEL 

The utilities and vendors as well as the regulators need better tools to predict the safety margins 
when using fuels at higher burn-up levels. They also need to better understand the technical basis in 
order to be able to optimise fuel and fuel cycle. 

 
Quantify safety margins and extend safety assessments of nuclear fuel codes  

Understand to what extent the as-fabricated microstructure of the MOX fuel influences the 
gas release in normal and abnormal conditions at high burn-up (MICROMOX and OMICO) 
and complement by benchmarking of fuel thermo-mechanical codes. Validation of MOX 
fuel calculations at high burn-up are based on available experimental data from LWRs 
using the JEFF nuclear database (VALMOX); 
Improve the safety assessment of nuclear fuel codes, in particular through the extension 
of the applicability of the TRANSURANUS fuel code to VVER reactors that contain 
niobium in their fuel cladding (EXTRA). 

 
3. FP6 RESEARCH ON REACTOR SAFETY 

The European Research Area (ERA) concept was launched by the European Commission in 
January 2000 (Commission Communication “Towards a European Research Area”). ERA should lead 
to increased collaboration in research in Europe to ensure there is an effective “critical mass” of research 
effort in key fields, the creation of “centres of excellence”, greater emphasis on competitiveness and 
public private partnerships, increased support for research infrastructures and the exploitation and 
management of knowledge. 
 

At the Lisbon summit in the year 2000, the European Council proposed an agenda aiming at 
making the European Union “the world’s most dynamic knowledge-based economy geared to growth by 
the year 2010”. Research is now considered to be an essential ingredient in building a more dynamic 
and competitive Europe. 

 
The Sixth Framework Programme (FP6) of the European Atomic Energy Community 

(EURATOM) for nuclear research and training activities has been adopted by the Council in June 
2002 with a total Community funding of 1.23 billion €. It contributes to the creation of the ERA. Its two 
main drivers are to strengthen European industrial competitiveness and to restructure the research 
organisation in Europe keeping the nuclear competences within Europe at a high level. 

 
New types of instruments have been specially designed for the research implementation in FP6. 

These are mainly integrated projects (IP) and networks of excellence (NoE), which are fairly large:   
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♦ 

♦ 

The first one is designed to generate knowledge by integrating the critical mass of 
activities and resources needed to achieve ambitious, clearly defined, scientific and 
technological objectives that contribute to strengthening European competitiveness or 
help solve major societal problems and, 
the second one is designed for the process of strengthening Europe’s excellence on a 
particular research topic by networking together the critical mass of resources and 
capacities needed for long-term multidisciplinary objectives and through the 
implementation of a joint programme of activity (JPA), aimed primarily at creating a 
gradual durable integration of the research capacities of the network partners while at 
the same time advancing knowledge on the topic.  

 
Concerning nuclear safety, critical decisions at the EU level need to be taken before the year 

2015, when the current generation of nuclear installations reach their end of life. There are still many 
challenges ahead of the nuclear community in the EU-25 countries, such as: political (e.g. public 
opinion about nuclear), economic (e.g. deregulation of electricity market), technical (e.g. plant ageing 
management), scientific (e.g. low dose irradiation effects) and education / training (maintenance of 
competences). Moreover it is clear that a real nuclear knowledge management strategy at the 
Community level is still missing. What is needed actually is a coherent durable EU approach and the 
appropriate implementation instruments for activities related to the PDE cycle, that is: “Production” (i.e. 
identification, acquisition and development), “Dissemination” (i.e. preservation and education/training) 
and “Exploitation” (i.e. for research and/or business purposes) of knowledge, as it is shown in Figure 1. 
This PDE cycle of knowledge is now naturally at the heart of these two new FP6 instruments. 
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Figure 1: Involvement of the nuclear stakeholders community in the construction of 
the common knowledge base (“production – dissemination – exploitation” or PDE 

cycle) 
 
 

The results of the first two calls for proposals confirmed that, in the particular case of the nuclear 
fission community, this EC initiative was widely accepted by the stakeholders concerned, obviously 
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ready to play an active role in the EU research integration process. This was demonstrated by the 
participation in both calls and the high ambition of the FP6 funded projects. 

 
The main features of the FP6 projects in reactor safety are given in Table 1 and their objectives 

are presented below. They represent a continuation of the R&D activities carried out in FP5, but with 
fewer and much larger projects. They cover the areas of plant life management (2 projects), severe 
accident management (1 project), evolutionary safety concepts (1 project) and a new area, research 
infrastructures (2 projects). 
 
 

Table 1: On-going FP6 research projects in the field of reactor safety and 
infrastructures 

Project title & description1 Instrument2 Co-ordinator
Number of 
consortium 
partners3 

EU contri-
bution / 

total cost 
Start date 
& duration

PERFECT 
Prediction of Irradiation Damage 
Effects on Reactor Components 
See: fp6perfect.net/site/index.htm 

IP EDF (FR) 28 (11) 7.5 M€ / 
18.42 M€  

1/1/04 
4 years 

COVERS 
VVER Safety Research 

CA UJV (CZ) 26 (12) 1.1 M€ / 
2.4 M€ 

1/4/05 
3 years 

EC-SARNET 
Network of Excellence for a 
Sustainable Integration of 
European Research on Severe 
Accident Phenomenology 
See: www.sar-net.org  

NoE IRSN (FR) 49 (21) 6.28 M€ / 
24.35 M€ 

1/4/04 
4 years 

NURESIM 
European Platform for Nuclear 
Reactor Simulations 

IP CEA (FR) 18 (13) 4.5 M€ / 
7.63 M€ 

1/2/05 
3 years 

JHR-CA 
Jules Horowitz Reactor – 
Coordination Action 

CA CEA (FR) 12 (8) 1.5 M€ / 
1.5 M€ 

1/1/04 
2 years 

HOTLAB 
European Hot Laboratories 
Research Capacities and Needs 
See: www.sckcen.be/hotlab/ 

CA SCK.CEN 
(BE) 19 (12) 0.2 M€ / 

0.23 M€ 
1/1/04 

1.5 years

 

1 Refer to http://www.cordis.lu/fp6-euratom/projects.htm for more complete information and latest 
updates. 
2 IP = Integrated Project; CA = Co-ordination Action; NoE = Network of Excellence (full details on 
http://www.cordis.lu/fp6/instruments.htm). 
3 The figures in brackets indicate number of European countries represented. 

 
 

3.1. PLANT LIFE MANAGEMENT 
 
PERFECT: Prediction of Irradiation Damage Effects on Reactor Components 
 

Irradiation embrittlement and corrosion are the most active ageing mechanisms for the structural 
components of the reactor affecting their safe life time. The project PERFECT aims, thanks to the 
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progress in computer technology and physical understanding of radiation damage, at developing multi-
scale numerical tools, for industrial use, capable of simulating the effects of irradiation on mechanical 
and corrosion properties of materials. These tools would be used to solve issues related to Light 
Water Reactor pressure vessels and internal structures. The Project has also for objectives i) to 
ensure the diffusion of these tools among the European nuclear industry, ii) to use them to perform a 
first European collective exercise of component analysis in which material behaviour assessment will 
be done by numerical simulation, iv) to apply the proposed simulation tools to complement previous or 
current international projects and v) to form young researchers to the mechanisms of degradation of 
materials. 
 

The project is run by 12 European organizations involved in the nuclear field and 16 Universities. 
Representative of manufacturers, utilities, regulators, research organisations,…. would join the 
PERFECT Users-Group. Collaborations will be established with American, Japanese and Russian 
organizations involved in projects similar to PERFECT. 
  
COVERS: VVER Safety Research 
 

This co-ordination action has the objective of improving professional and communication 
environment important for ensuring a continuing safe and efficient operation of nuclear power plants 
with VVER-440 and VVER-1000 reactors. The co-ordination activities cover the areas of operational 
safety, factors of materials and equipment ageing, and information and knowledge management. The 
shared information in these areas will thus contribute to the enhancement of NPPs operational 
efficiency. Effective experience and information exchange between the participating organisations and 
end users will be based on the appropriate communication tools. Significant attention will be paid to 
the integration of obtained resulting information with that accumulated in the countries outside the EU 
operating VVER reactors. The viable organisation form of the RTD structure shall enable the synergic 
utilisation of parallel activities in the research and industrial applications even after the project is 
finalised. 
 

3.2. SEVERE ACCIDENT MANAGEMENT 
 
EC-SARNET: Network of Excellence for a Sustainable Integration of European Research on Severe 
Accident Phenomenology 
 

In spite of the accomplishments reached in severe accident research, a limited number of 
specific items remain where research activities are still necessary to reduce further uncertainties that 
are considered of importance for nuclear reactor safety and to consolidate severe accident 
management plans. Facing and anticipating budget reductions, 49 European R&D organizations, 
including technical supports of safety authorities, industry, utilities and universities, have decided to 
join their efforts in a NoE, EC-SARNET, in a durable way to resolve outstanding severe accident 
safety issues for enhancing the safety of existing and future NPPs. 
 

EC-SARNET aims to: 
 

♦ 
♦ 
♦ 
♦ 

Tackle the fragmentation existing in defining/carrying out research programmes; 
Harmonize and improve Level 2 Probabilistic Safety Analysis (PSA) methodologies; 
Diffuse the knowledge to Associated Candidate Countries more efficiently; 
Bring together top scientists in severe accident research so as to be a world leader in 
advanced computer tools for severe accident risk assessment. 

 
The integral severe accident analysis code ASTEC will provide the backbone of the integration. 

Actions are proposed to integrate in ASTEC the current knowledge and all the future knowledge 
generated within EC-SARNET. In addition, the code will be adapted so as to be used for any water-
cooled reactor applications in Europe.  
 

3.3. EVOLUTIONARY SAFETY CONCEPTS 
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NURESIM: European Platform for Nuclear Reactor Simulations 
 

The NURESIM IP is envisaged to provide the initial step towards a Common European Standard 
Software Platform for modelling, recording, and recovering computer data for nuclear reactor 
simulations. Such a common platform would also facilitate the exchange of data across sites, 
application codes and computing platforms. Key objectives of NURESIM include: (i) integration of 
advanced physical models in a shared and open software platform; (ii) promoting and incorporating 
the latest advances in reactor and core physics, thermal-hydraulics, and coupled (multi-) physics 
modelling; (iii) progress assessment by using deterministic and statistical sensitivity and uncertainty 
analyses, verification and benchmarking; and (iv) training, dissemination, best practice and quality 
assurance. The specific objectives of NURESIM are to initiate the development of the next-generation 
of experimentally validated, “best-estimate” tools for modelling (thermal-hydraulics, core physics, and 
multi-physics) present and future reactors. The improved prediction capabilities, standardization and 
robustness of the envisaged NURESIM European Platform would address current and future needs of 
industry, reactor safety organizations, academic, government, and private institutions. 
 

3.4. RESEARCH INFRASTRUCTURES 
 
JHR-CA: Jules Horowitz Reactor Co-ordination Action 
 

An initiative for a second generation Material Testing Reactor (MTR) in Europe is to be launched 
to answer the continuous need of irradiation capabilities and to face the ageing of present MTRs. This 
new facility needs to be an international service-oriented user-facility to answer demands from 
international industries and to address broadly shared issues (safety, sustainable development, …). 

 
The Jules Horowitz Reactor (JHR) Project in Cadarache copes with this context. The JHR 

definition studies provide detailed design, performance versus needs, schedule and cost as an input 
for a Decision Point (2006) on the construction phase. JHR-CA provides the framework to:  

♦ 

♦ 

♦ 
♦ 

♦ 

promote the establishment of a new MTR in Europe (the need has been stated by the 
FEUNMARR FP5 network) and  
support state of art designs for experimental devices and related services. 

 
In the field of irradiation infrastructures, JHR-CA improves the integration by gathering in a joint 

project the European human skills and by pushing a progressive coherent European policy. It will 
support the: 

construction of the user-consortium of potential users,  
Expert Group (EG) to guide the experimental devices definition with a comprehensive 
anticipation of needs, at the relevant state of art, while taking into account safety 
requirements,  
integration of these devices in the reactor design. 

 
HOTLAB: European Network on Hot Laboratories 
 

The European national hot laboratories stem from the sixties when nuclear energy was 
introduced. Since then remotely operated research tools were continuously developed, implemented 
and applied. They supported successfully the implementation of nuclear power plants as 
demonstrated by the present day outstanding performance of the European nuclear power plants. 
During the last decade, an appreciable downsizing of the national hot laboratories is observed. 
Nevertheless the continued safe and economic exploitation of the existing conventional reactors, 
including the waste issue, or the exploration of future promising advanced nuclear energy systems (4th 
generation fission reactors and future fusion machines) still ask for appropriate hot laboratory 
capabilities for R&D. 
 

The general objective of HOTLAB is to assess the European hot laboratories research capacity 
and its aptitude for supporting the nuclear industrial and research community both at present and in 
the future. The ultimate goal is to preserve appropriate nuclear research infrastructure in Europe by 
combining the best available competences at the highest quality.  
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It will inventory the present research capabilities, in the form of an internet based highly dynamic 

permanent data base, including the inter-laboratory transport facilities as well. An assessment of the 
present and future needs of nuclear research in terms of infrastructural facilities will complete the basis 
to build upon a common strategy for durable integration in the longer term. 
 
 
 
 
 
 
4. CONCLUSION 

 
There are many challenges ahead of the nuclear community in the EU-25 countries, such as: 

political (e.g. public opinion about nuclear), economic (e.g. deregulation of electricity market), technical 
(e.g. plant ageing management), scientific (e.g. low dose irradiation effects) and education / training 
(maintenance of competences). Critical decisions at the EU level need to be taken before the year 
2015 when the current generation of nuclear installations reach their end of life.  

 
The five main actors and customers of Euratom research in operational safety of nuclear 

installations have been described throughout the paper. They are: the regulatory bodies (and/or 
TSOs), the utilities, the manufacturing industry, the research organisations and the academia. It is also 
clear that there are two main drivers behind this research: strengthen European industrial 
competitiveness and keep the nuclear competences within Europe at a high level.  

 
Under the Sixth Framework Programme (FP6) (2002-2006), pressure is put on all stakeholders, 

in particular, through the new instrument “network of excellence” (NoE), to establish quasi-irreversible 
links amongst the various public / private research organisations. The emphasis is also on larger and 
ambitious projects through the new instrument “integrated project” (IP). The above discussed aspects 
of “production – dissemination – exploitation” (PDE cycle) of knowledge are at the heart of these two 
new FP6 instruments. FP6 is also contributing to the creation of the European Research Area (ERA) 
aiming at increased collaboration in research in Europe. 

 
In collective European research, it is clear that the stakeholders community and the EC are 

aiming at a common knowledge base with durable foundations. This will only be ensured, if they all 
build upon existing blocks (e.g. international research interest groups with long term views and/or 
successful projects of FP6) and if all participants put substantial resources and knowledge into the 
common basket, driven by the conviction that they will get more out of the process than what they 
have put into it. 

 
In April 2005, the European Commission made a proposal for the Seventh Framework 

Programme (2007-2013), in which the EU contribution is doubled. This proposal will have to be 
approved by the Member States. However, it will have some support, as part of the renewed emphasis 
on research following the Lisbon agenda set in the year 2000. Research on nuclear fission is part of 
this proposal, and in particular in the area of the safe operation of existing reactor systems. 
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