


Euratom Research Projects
and Training Activities

Nuclear fission and radiation protection

Volume I

DIRECTORATE-GENERAL FOR RESEARCH
2005 EURATOM EUR 21228



Europe Direct is a service to help you find answers
to your questions about the European Union

Freephone number:

0080067891011

LEGAL NOTICE:

Neither the European Commission nor any person acting on behalf of the Commission is responsible for the
use which might be made of the following information.

The views expressed in this publication are the sole responsibility of the author and do not necessarily reflect
the views of the European Commission.

A great deal of additional information on the European Union is available on the Internet.
It can be accessed through the Europa server (http://europa.eu.int).

Cataloguing data can be found at the end of this publication.
Luxembourg: Office for Official Publications of the European Communities, 2005
ISBN 92-894-9023-3

© European Communities, 2005
Reproduction is authorised provided the source is acknowledged.

Printed in Belgium

PRINTED ON WHITE CHLORINE-FREE PAPER



Introduction

he first projects funded under the
Tspecific Euratom programme for
‘Research and Training on Nuclear Energy
(2002-2006)' and selected under the
European Commission’s Sixth Framework
Programme for Research and Technological
Development (FP6) are now under way. The
projects described below are all involved with
research activities on management of
radioactive waste, radiation protection or
other activities in the field of nuclear tech-
nologies and safety, such as innovative con-
cepts, education and training and the safety
of existing nuclear installations. Euratom
activities on research and development for

nuclear fusion are not covered here. Aspd tunnel (Courtesy: SKB)

The legislative basis of the FP6-Euratom programme is described in the Decisions of
the Council of Ministers (2002/837/Euratom) and (2002/688/ Euratom) to adopt the
Sixth Framework Programme of the European Atomic Energy Community (Euratom)

covering both fusion- and fission-related activities.

Euratom research at the service of man and the environment

Today, almost one-third of the electricity consumed in the EU is generated by nuclear (fission) power;
a figure that has remained constant for many years and was unaffected by the recent enlargement
that brought ten new Member States into the European Union.

In the context of increasing evidence of climate change, nuclear power is the only carbon-free technology
currently available to advanced societies that is able to provide base-load electricity supply 24 hours a
day, seven days a week . The European nuclear sector as a whole is typified by cutting-edge technology
and provides highly skilled employment for several hundred thousand people. As an indigenous and
dependable source of energy it contributes to the EU’s independence and security of supply. More
advanced reactor technology holds the prospect of significant improvements in the efficiency of nuclear
power production, whilst ensuring even better standards of safety and producing less waste.

However, there are a number of important concerns that affect the future of nuclear power in Europe.
The primary issues are operational reactor safety and the management of long-lived radioactive waste.



The operational safety of nuclear reactors is an
important issue for all countries, whether they
themselves operate nuclear power plants or not.
These nuclear facilities will also require careful
management during their decommissioning, and
the radioactive waste produced during their
operation and from the decommissioning process
must be managed safely.

Safe management of radioactive waste requires a
responsible approach based on sound science. All
countries produce a greater or lesser amount
radioactive waste. Hospitals use radioactive sub-
stances for various diagnosis and treatment techn-
ologies; universities use radioactive isotopes in vital
research in chemistry, biology and engineering; and
many industrial activities also use sources of ionizing
radiation. In the case of high-level and long-lived
radioactive waste, tremendous progress has been
made in research on safe disposal in deep geological
repositories. Various host rocks have been evaluated
and assessments made of the ability of such systems
to isolate high-level waste from the surface environ-
ment for the required timescales (10 000 years +).
New techniques in waste treatment, such as
partitioning and transmutation, could significantly
reduce this timescale.

Collecting environmental samples
(Courtesy: SCK - CEN)

In all uses of radiation, throughout industry and
medicine alike, the overriding principle is the
protection of man and the environment. Radiation protection research covers a wide variety of
subjects from the basic understanding of interaction between radiation and the human body
through optimisation of the use of radiation in medical applications to the preparedness for
managing nuclear emergencies.

The FP6 Euratom programme contributes directly to a number of key policy objectives for the EU:

Protection of man and the environment — This fundamental principle is reinforced through Union
legislation under the founding treaties for both Euratom and the European Community, and lies at
the heart of EU policy-making.

Security of energy supply— Energy is the lifeblood of modern society. The Commission’s Green Paper
‘Towards a European strategy for the security of energy supply’, published in 2001, highlighted the
EU’s need to protect itself from risks of interruption to energy supplies. This is achievable by using
a diverse portfolio of energy sources and technologies, developing further indigenous and renewable
energy sources, and by improving energy efficiency.



Climate change — The consequences of increased global
temperatures driven by human activity, in particular the
emission of greenhouse gases due to the use of fossil fuels, is
one of the greatest environmental and economic challenges
facing society. Nuclear power has a role to play here as one
of the technologies that enables the EU to meet its obligations
under the Kyoto Protocol.

Sustainable economic growth — Economic development,
protection of the environment, and social justice are the three
elements of sustainable development that allow equitable
progress. Energy is at the root of all human activities and can
reconcile these often opposing dimensions.

Alpha-Immunotherapy ] ’ ]
(Courtesy: EC-JRC-ITU) The knowledge-based society—The Lisbon Council of March

2000 set the EU an objective of becoming the most
competitive knowledge-based economy [in the world] by 2010. The achievement of this objective
is a top priority. The level of knowledge and expertise in nuclear science in Europe makes it a
recognised world leader in many aspects of nuclear technology, and enables a competitive edge
for European enterprise.

Research on nuclear fission and radiation protection at a pan-European level carried out within
this and earlier Framework Programmes has been very successful and has resulted in significantly
increased levels of co-operation in Europe. This has provided substantial benefits to the EU and
neighbouring states as a whole by ensuring a very high level of nuclear safety and protection. The
defined priority thematic research areas are of common concern to all Member States and, by
enabling a coordinated effort, they result in added value and ensure harmonisation of standards
across the Union and beyond. |



FP6 research activities

The research activities to be undertaken in FP6-Euratom have been allocated a total budget similar
to that in the Fifth Euratom Research Programme (FP5), but will focus on a smaller number of (larger)
projects. The new instruments available under FP6 (see box below) will be applied to further reinforce
integration in this vital area of European research.

The activities undertaken within FP6 cover similar thematic priorities to those of the FP5: the
management of radioactive waste; radiation protection; and other activities in the field of nuclear
technologies and safety.

During FP5, some 222 Euratom projects were funded with a total of €163 million being allocated
from the European Commission. Most of these projects are now in their final phase or have

completed their work. Of particular interest are the thematic networks established under FP5-
Euratom which are now preparing the way for future closer collaborations in areas of radioactive
waste management and innovative reactor systems. Final reports on the majority FP5-Euratom
projects can be found at: http://www.cordis.lu/fp5-euratom/src/lib_finalreports.htm

The FP6-Euratom projects listed below, grouped under thematic priorities, are described in greater
detail later in the brochure. These projects correspond to all those successfully evaluated, negotiated
and contracted following the first call for proposals published on 17 December 2002 with deadline
8 May 2003.

The European Research Area (ERA) and Euratom

The ‘Euratom experience’ over its previous five Framework Programmes has
been of consistent success in pursuing essential research and facilitating pan-
European collaborative efforts on radiation protection, waste management,
reactor safety and decommissioning. Continuing research will help maintain the
competence and competitiveness of European industry in a field which is seeing
strong international development, especially in East Asia.

For many years there has been close co-operation between the various research
players in the nuclear fission and radiation protection area through bilateral or
multilateral agreements, including international co-operation, between
OECD/NEA, IAEA and the Euratom Framework Programme.

In co-operation with the Member States, a number of activities have been under-
taken that should help build and implement the ERA. In particular, these include
mapping the capacity of research centres and other research players in Europe
and identifying the topics in the various research areas that need more
coordination. The new instruments in FP6 (Integrated Projects and Networks
of Excellence) have made a significant contribution to integrating the key players
in this area and establishing the ERA in nuclear fission science and engineering.




FP6 instruments

Networks of Excellence (NoE) aim to strengthen and develop Community
scientific and technological excellence by integrating, at European level,
research and training capacities at national and regional level. Each NoE will
advance knowledge in a particular research area by assembling a critical mass
of expertise and organising activities targeted towards long-term, multi-
disciplinary objectives.

Integrated Projects (IPs) are designed either to give increased impetus to the
Community’s competitiveness in a specific research area or to address a major
societal issue by mobilising a critical mass of research and technological
development resources. Clear scientific and technological objectives will be
identified and specific results in terms of products, processes or services
pursued.

Specific Targeted Research or Training Projects (STREPsS) aim to improve
European competitiveness and should have a sharp focus. A STREP could be
a research project designed to gain new knowledge to improve or develop new
products, processes or services. Alternatively, it could be a demonstration
project designed to validate new technologies with economic potential.

Coordination Actions (CAs) promote and support coordinated initiatives between
research and innovation operators to improve integration. They include
activities such as conference organisation, sharing of best practice, and the
establishment of information systems.

Actions to promote and develop human resources and mobility cover a variety
of activities under the general umbrella of training and education, including
Training Fellowships (TF), Special Training Courses (STC), Grants for Co-
operating with third countries (GFTC), and Transnational Access to large infra-
structures (TA).

Specific Support Actions (SSAs) complement the implementation of the
Framework Programme and may be used to prepare for future EU R&D work,
including monitoring and assessment activities.

Integrated Infrastructure Initiatives (I3) combine in one single action several
activities to reinforce and develop research infrastructures to provide services
at the European level. This could include networking activities with a support
activity.




A second call for proposals in this area of activity was published on 14 November 2003 with deadline
14 April 2004 and allocated a further €61 million from the programme budget.

A further call for proposals is planned during 2005 and will allocate the remaining programme budget
to a final total sum of ~€190 million. This figure also includes support to fellowships, access to
infrastructures, and specific support actions. Projects funded as a result of these later calls for
proposals will be described in future volumes of this report.

The results of the 1st call in the specific thematic research activities defined under FP6-Euratom
are detailed below:

The management of radioactive waste: The main topics here concern the geological disposal of highly
active and long-lived radioactive waste, an area of research where good progress has already been
achieved. This field also includes novel methods for reducing the long-lived element of the waste
through research on partitioning and transmutation (separation of the longer-lived radionuclides and
their conversion to short-lived ones), cross-cutting research on radioactive waste management, in
particular work to support European actinide science (the science of the heavy elements used in/ or
produced by nuclear fission reactions), and studies on societal and strategic aspects of radioactive waste
management, especially governance and public acceptance issues.

The funded projects described are:
Geological disposal

e ESDRED - An Integrated Project to develop and validate the engineering and technological
developments to construct a deep geological repository.

e NF-PRO - This Integrated Project is investigating processes in the physical area immediately
surrounding high-level waste stored in a deep geological repository.

Partitioning and transmutation

e FUROPART - This Integrated Project will evaluate techniques for the separation of highly
radiotoxic elements from high active wastes issuing the reprocessing of spent nuclear fuels
as a strategy to decrease the long-term radiotoxicity of these wastes

e RED IMPACT - A Specific Targeted Research Project that will evaluate the impact of partitioning
and transmutation on final repository requirements and the sustainability of nuclear power.

Cross-cutting research on radioactive waste management

e ACTINET-6 — A Network of Excellence established to ensure that expertise and facilities for
actinide sciences in Europe are maintained and enhanced.

Societal and strategic studies

e COWAM-2 — A Specific Targeted Research Project looking to improve inclusive decision-making
processes in waste management at local and regional level.

e SAPIERR — A specific Support Action to explore the potential for and issues around regional



waste disposal solutions involving
co-operation between two or more
countries.

Radiation protection: A major
focus of this research is a better
understanding of the mechanisms
of radiation carcinogenesis and
better quantification of the risks
from exposure to radiation at low
and protracted doses — this is a
controversial scientific and policy
issue and has important
implications for the use of ionising
radiation in both medicine and
industry (including nuclear
energy). It also has implications for

Training is a key aspect of the EURATOM Programme

(Courtesy: UCL) populations living in regions with

higher-than-average background

(or natural) radiation. The area also covers protection of the environment and radioecology, risk and
emergency management, and protection of the workplace.

The funded projects described are:
Quantification of risks associated with low and protracted doses

e RISC-RAD - An Integrated Project to identify the genetic variables involved in the body’s
response to radiation damage and assess the implications for risk assessment.

e MSCRB — A Specific Support Action to maintain and expand expertise and competence in
Europe on the radiobiological basis of radiation protection.

Medical use of radiation

e CT Safety and Efficacy — This Specific Targeted Research Project will assess the exposure to
radiation associated with the medical technology computed tomography (CT) and produce new
guidelines for its use that reflect best practice.

Protection of the environment and radioecology

e ERICA — This Specific Targeted Research Project will integrate the effects of ionising radiation
on animals, plants and ecosystems into the existing system of assessment and management
for radiation protection.

Risk and emergency management

e EURANOS - This Integrated Project looks to bring together best practice on severe accident
management and rehabilitation throughout Europe to enhance the ability of all countries to
respond to any radiological emergency.



Other activities in the field of nuclear technologies and safety: These activities include innovative
concepts for future high-temperature nuclear reactors, other innovative reactor concepts, and other
applications for nuclear power such as hydrogen production. Also included in this area are specific
calls for education and training and infrastructure requirements. This includes concepts such as
the establishment of new courses, harmonisation of relevant curricula, and the safety of existing
nuclear installations, including plant-life management, providing a basis for the longer operation of
existing plants, severe accident management, and decommissioning activities.

The funded projects described are:
Education and training

e NEPTUNO - This Coordination Action brings together all aspects of nuclear training at university
level and will ensure that all nuclear education offered at this level in Europe is of high quality
and harmonized.

e CETRAD — A Coordination Action that will assess education and training needs relating to the
management of geological disposal and will propose future provision required in this area.

e EURAC - This Coordination Action will address potential future skill-base deficits in radiation
protection and related subjects at postgraduate level.

Infrastructures

¢ JHR-CA - This Coordination Action will define, develop and construct a new, second-generation
materials test reactor for Europe.

e HOTLAB — A Coordination Action to maintain a European network of laboratory facilities with
the ability to handle radioactive materials vital to support nuclear safety and long-term
management of radioactive waste.

Safety of existing nuclear installations

e EC-SARNET — A Network of Excellence to pool research capacities and resolve outstanding
issues and uncertainties in severe accident management.

e PERFECT — An Integrated Project that will develop and refine numerical tools for prediction
of the effect of irradiation on major reactor components such as the pressure vessel.

e FUNDETRAF-II — This Specific Support Action will collate European knowledge and expertise on
nuclear decommissioning activities and ensure dissemination through the wider nuclear industry.

Collaboration on FP6-Euratom is truly international (see map). In addition to 21 Member States from the
EU, research partners from six countries outside the Union are participating in one or more projects. In
addition, specific bilateral co-operation efforts have been concluded with nuclear institutions in Russia
and the Ukraine.



Education and training activities

The preservation and enhancement of a skills base for nuclear engineering and science in Europe is a
fundamental prerequisite for progress in nuclear science, technology and radiation protection. Itis vitally
important that a sufficient number of today’s students learn the skills needed to maintain innovation
and technical excellence and to ensure that the exemplary public safety record of the European nuclear
industry continues in the future.

Education and training is an important element of the European Research Area in this sector. By
promoting exchange of high quality personnel between Member States and institutions, this activity
spreads knowledge and best practice and helps build future research partnerships. It also allows
scientists from all Member States to access the best equipment and facilities.

All integrated projects and networks of excellence should include education and training activities
related to the specific work programmes.

More generally, education and training activities are the subject of a continuously open call with
proposals evaluated every six months (May and October). The open call for fission covers a number
of ‘horizontal issues’, specifically:

= Specific Support Actions

e Transnational access to large infrastructures

« Actions to promote and develop human resources and mobility

Under the final point on human resources and mobility comes funding for training fellowships, special
training courses and grants for co-operation with third countries — in particular, this will be used to
allow young researchers from central and eastern Europe and the Newly Independent States (NIS)

of the ex-Soviet Union to work in EU laboratories and implement research funded by current and
previous Framework Programmes.
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Geological disposal of high-level, long-

lived radioactive waste and spent

nuclear fuel has been studied for the
last 30 years. From a scientific/technical viewpoint,
geological disposal has reached a very mature level
and the research has provided valuable input to all
subsequent safety analyses. This fundamental feasi-
bility work is now being complemented with engin-
eering and technological development in repository
construction techniques in the ESDRED project. The
research includes underground activities, such as dis-
posal cell/drift outfitting, waste canister transportation
from the surface and emplacement in the disposal
cell/drifts, disposal cell/drift closure including sealing

and backfilling operations, amongst many others.

Demonstrating geological repository
technical basis

The Integrated Project ESDRED is a joint research effort by
major national radioactive waste management agencies and
research organisations, representing nine European
countries. ESDRED is a major step towards establishing a
sound technical basis for demonstrating the practical
feasibility at full scale of disposing spent fuel and other high-
level and long-lived radioactive waste in deep geological
formations (several hundreds of metres below the surface)
and towards underpinning the development of a common
European view on the main issues related to the management
and disposal of radioactive waste.

To identify the key technological issues, a review of the
various activities involved in the construction and closure
of a repository has been performed and compared with
existing or easily adaptable technologies available within
mining, civil and nuclear engineering sectors. The results
of this exercise show that the construction, operation and
closure of an underground repository requires not only the
current know-how developed for conventional mining and
civil engineering, but also specific technological solutions
linked to radiation protection and to the operational safety
requirements of a nuclear facility. ESDRED will provide a
thorough investigation and demonstration of techniques to
show nuclear activities being carried out safely
underground.

Engineering Studies and Demonstration
of Repository Designs
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Proving construction technology, train-
ing engineers

The project’s overall objective is to demonstrate the technical
feasibility, at an industrial scale, of activities in compliance
with the requirements regarding operational and long-term
safety, retrievability and monitoring of radioactive waste.
This will involve activities such as buffer-construction
technologies for horizontal disposal concepts, waste canister
transfer and emplacement technology for horizontal and
vertical disposal concepts, heavy load emplacement
technology for horizontal disposal concepts, use of specific
low pH cement and shotcrete techniques to build disposal
cell/drift sealing plugs and/or to reinforce underground
structures and linings and development of innovative
wireless monitoring techniques.

Complementary activities include the training of engineers and
professional staff, contribution to the education of students
and young scientists, dissemination and communication of
the project results to stakeholders including the public, and
coordination and integration of work between the different
project engineering and development activities. A significant
part of this training and education will be dedicated to new
EU Member States and will be organised mainly in the form
of secondment and seminars.
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Working prototypes for disposal facilities

The ultimate result of the ESDRED demonstration activities
will be the fabrication and working demonstration of full-scale
first-generation prototypes. The demonstration activities will
be performed in surface and underground research
laboratories (URLs) and will serve as the basis for the future
development of operational industrial solutions (i.e.
prototypes or pilot trials) at the various sites selected to
become final repositories for high-level and long-lived
radioactive waste and spent fuel.

Demonstrating feasibility, raising public
confidence

It is recognised that nuclear power can produce electricity
without emission of carbon dioxide (CO,), a gas that
contributes to global warming. However, management of
existing and future radioactive waste from the fuel cycle of
the nuclear power industry remains a key issue for the
continued use of nuclear energy.

To ensure a continued, and possibly increased, contribution
to the European energy supply from nuclear sources, a
safe, permanent and publicly acceptable solution needs
to be implemented for the management of all radioactive
waste. Disposal of high-level and long-lived radioactive
waste and spent fuel in deep underground repositories is
considered by international technical experts to be the
most suitable and safe as well as possible management
option. Actual disposal concepts nevertheless vary from
country to country depending, for instance, on the type of
waste to be disposed of and/or the nature of the host rock
in which the repository is to be built. In implementing a
pan European work programme of activities the ESDRED
consortium will demonstrate that feasible techniques are
available for the implementation of deep geological
disposal, thereby contributing to raising the confidence of
all stakeholders, and the public at large, in the soundness
of this waste management option.

Coordinator:

Wolf K. SEIDLER

Agence Nationale pour la Gestion des Déchets Radioactifs (ANDRA)
DP/TE Engineering Department - Project Division

Parc de la Croix Blanche, 1 rue Jean-Monnet

FR-92298 Chatenay-Malabry Cedex

Tel: +33 14611 80 28

Fax: + 33146 11 82 23

contact@esdred.info

http://www.esdred.info/

Project Details

Project type: Integrated Project

Project Start Date: 01/02/2004
Duration: 60 months
Total Budget: € 18 381 001
EC Contribution: €7 315723

EC Project Officer: Michel RAYNAL

European Commission

CDMA 1/61, BE-1049 Brussels
Tel: +322 29661 78

Fax: + 32 2 295 49 91

Christophe DAVIES

European Commission

Directorate-General for Research

J.4 - Nuclear Fission and Radiation Protection
CDMA 1/60, BE-1049 Brussels

Tel: +32 2296 16 70

Fax: + 32 2 295 49 91

Partners

Asociacion para la Investigacion y el Desarrollo Industrial

de los Recursos Naturales, ES

Consejo Superior de Investigaciones Cientificas, ES

DBE Technology GmbH, DE

Empresa Nacional de Residuos Radioactivos S.A., ES

ESV Euridice GIE - European Underground Research Infrastructure
for the Disposal of Waste in a Clay, Environment, BE
Gesellschaft fiir Anlagen- und Reaktorsicherheit (GRS) mbH, DE
Nationale Genossenschaft die Lagerung Radioaktiver Abfalle, CH
United Kingdom NIREX LTD, UK

Nuclear Research and Consultancy Group, NL

Organisme National des Déchets Radioactifs et

des Matiéres Fissiles Enrichies, BE

POSIVA OY, FI

Svensk Kaernbraenslehantering AB, SE



Resolving the issue of high-level

radioactive waste is a strategic policy

objective of European research.
Disposal of the waste in deep geological repositories
is currently the most advanced disposal concept.
Integrated Project NF-PRO brings together a wide
spectrum of European expertise to address outstand-
ing issues in the understanding of near-field (the
area immediately surrounding the stored waste)
NF-PRO

results will be used in safety assessments and to

processes to assist modelling studies.
optimise repository designs.

Understanding the near-field
in repositories

The near-field of a geological repository includes the area
surrounding the disposed waste, including the waste forms and
the engineered barrier system (EBS). In all repository concepts,
the EBS fulfils an essential safety function and is tailored to
the specific disposal environment in order to prevent or to delay
the release of long-lived radionuclides from the waste to the
host rock over the extended periods of time necessary for safe
disposal. The Integrated Project NF-PRO will investigate the
performance of the near-field by studying dominant processes
affecting the isolation of radioactive waste.

Experimental work within NF-PRO, in parallel with modelling
of near-field processes, will identify and provide data that are
fundamental for the understanding of the total system
behaviour of the near-field of a geological repository for high-
level long-lived radioactive waste disposal but which have
not yet been investigated in sufficient detail.

Interaction of theory, experiment
and performance assessment

Among the repository designs being considered within the EU,
the near-field plays an important role as regards safety.
However, the near-field is a complex environment consisting
of various components including the waste form, the waste
canisters, backfills, seals, plugs and the disturbed zone of the
host rock component. The detailed evaluation of overall EBS
behaviour in both time and space and the application of results
in performance and safety assessments is one of the major

Understanding and Physical and Numerical
Modelling of the Key Processes in the Near-field
and their Coupling for Different Host Rocks

and Repository Strategies

FEBEX in situ THM test in granite (Grimsel, CH) with dummy
SF canister and bentonite buffer provides experimental data to
NF-PRO - (Courtesy: NAGRA)

scientific challenges in R&D concerning radioactive waste
disposal. As such it requires an integrated and multidisciplinary
approach. Different repository concepts currently under
investigation in EU Member States will be addressed in NF-
PRO, as will the various host rocks — salt, granite and clay.

NF-PRO aims to provide a comprehensive assessment of
all safety-related issues concerning the near-field, and will
concentrate on the most important outstanding issues. A
strong link will be established between laboratory and in situ
experiments, modelling and performance assessment.
Specific research components will address key processes
controlling dissolution of and release from the waste matrix,
chemical processes taking place in the EBS, the thermo-
hydro mechanical (THM) evolution of the EBS, and the
characteristics and evolution of the excavation disturbed
zone (EDZ). How these processes interact and their
integration in performance assessment is an essential goal.

The 40 organisations in the NF-PRO consortium include
radioactive waste agencies and end-users, large nuclear
research organisations, and a range of universities, industrial
and government partners which will provide specialist skills
and facilities. Broad participation will be a decisive factor in
the success of the project given the large number of
complementary scientific disciplines that are required in
investigations related to near-field processes.

Scientific basis for evaluation,
outstanding issues addressed

NF-PRO will establish a comprehensive scientific basis for
evaluating and modelling the safety function ‘containment
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and minimisation of release’ for the near-field in geological
waste repositories. The main uncertainties and issues
concerning the EBS system relate to the thermo-hydro-
mechanical-chemical-biological (THMCB) properties of
clay-based buffers and backfills, the evolution of
properties and parameter values over long time periods,
issues in relation to gas generation through corrosion of
waste canisters, EBS degradation rates and interaction with
the host rock or between EBS materials (for example,
interactions between cement and bentonite), canister
corrosion and possible canister defects, and radionuclide
retention properties of the buffer and backfill materials. All
these issues will be addressed by NF-PRO.

In particular, the project will resolve outstanding issues with
respect to the key processes controlling the dissolution of
the vitrified waste/spent fuel matrix material, including
processes related to the release of radionuclides from the
waste matrix to the geological environment. It will establish
a comprehensive insight into the chemical processes and
materials interactions taking place in the near-field and
investigate the evolution of the thermal, hydrological and
mechanical processes taking place in the near-field along
with their influence on the total system. It will assess the
impact of these processes on the EDZ on the physico-
chemical conditions of the near-field, from repository
construction until equilibrium is achieved. These key data
will identify the critical processes and their associations to
determine the evolution of the near-field and how this
affects radionuclide release to the outside environment.
The results will be provided as concise but accurate models
and data for input to performance assessments of
repository systems.

Improved safety assessments, optimised
designs

NF-PRO will integrate European R&D on key processes in
the near-field by bringing together scientific disciplines and
research teams that currently work independently, as well
as by strengthening interactions between major R&D
organisations and radioactive waste management
agencies/implementing organisations throughout Europe.
This will assist the definition of common policies and
techniques for disposal.

Conclusions from NF-PRO will be used in safety assessments
as well as for optimising repository designs, with the aim of
enhancing safety disposal. The project will have a strategic
impact as it will strengthen the scientific-technical basis for
geological disposal and contribute to progress in safety
assessments and the optimisation of repository designs under
investigation in the European Union.
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To manage their spent nuclear fuels,

EUROPART

several European countries have chosen

the closed fuel cycle involving fuel
reprocessing to recover unused fuel elements. The
resulting nuclear wastes, containing fission prod-
ucts and associated minor actinide elements, is vit-
rified. These vitrified nuclear wastes must be stored
in safe, secure locations for extended periods
of time. A preferred storage option is in deep
geological repositories, but the selection of sites for
these repositories must consider the fact that these
vitrified wastes contain very long-lived radio-
nuclides. In particular, the contribution of the
small proportion of actinide elements in the wastes
to its long-term radiotoxicity is significant. The
elimination of these long-lived radionuclides from
the vitrified wastes (partition) would dramatically
decrease the long-term radiotoxicity of the nuclear
wastes and could simplify the selection and opera-

tion of deep geological repository sites.

Investigating techniques
and developing concepts

In Europe, a significant portion of the electricity supply is
produced by nuclear reactors. Two strategies have been
adopted in European countries to manage spent nuclear
fuel. Either the fuel is disposed of directly in a deep
underground disposal site — a strategy known as “open
cycle”, or reprocessing of spent fuel is undertaken to recycle
unused fuel elements, such as uranium and plutonium. In
this latter case, known as the “closed cycle”, the resulting
nuclear waste is composed of fission products and the minor
actinides, principally the elements neptunium (Np),
americium (Am) and curium (Cm). These highly active
nuclear wastes are conditioned and sealed in a glass matrix
and will be disposed of in deep underground disposal sites.

These wastes are highly radiotoxic and require storage for
a very long period of time whilst they constitute a risk.
However, that time period can be reduced considerably if
the minor actinides are eliminated from the waste material

European Research Programme for
the Partitioning of Minor Actinides
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during fuel reprocessing. For example, if minor actinides are
eliminated from the vitrified wastes, the time required for
storage could drop from ~15 000 years to around 250 years.
EUROPART will investigate techniques for eliminating minor
actinides from the waste material, known as partitioning, that
could provide a useful strategy for the management of
nuclear wastes. After separation, the minor actinides could
be transformed into shorter-lived and/or less-toxic elements
by nuclear means (known as transmutation), either in
current reactor technologies or in special future reactors
specifically designed for the purpose. This overall strategy
is called partitioning and transmutation (P&T) and is
attracting intense research efforts.

Definition of methods and processes

The EUROPART project will define partitioning methods for
the elimination of the minor actinides from the nuclear waste
flows deriving from the reprocessing of real high-burn-up
uranium oxide (UOX) or multi-recycled mixed oxide (MOX)
spent fuel. It will also define partitioning methods for the co-
recycling of all the actinides contained in the spent nuclear
fuels that could arise from future nuclear reactor designs
such as those described as the so-called hybrid or
generation |V reactors that will employ advanced dedicated
fuel cycles or ADS (Accelerator Driven System) concepts.

Two principle research techniques have been selected as
candidates for development of minor actinide partitioning
processes. First, hydrometallurgy will use the high active
aqueous effluents that are produced by the reprocessing of
spent fuels using the PUREX process. These liquids contain
all the nuclear wastes, i.e. fission products and the minor
actinides, and will be processed either using the technique
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Partitioning and transmutation and other concepts to produce

less waste in nuclear energy generation

of solvent extraction or by extraction by chromatographic
methods. This method will also be considered for the
processing of wastes from the future designs of nuclear
reactors. The second technique is pyrometallurgy where
nuclear wastes coming from the reprocessing of actual or
future nuclear spent fuels are dissolved in molten salts
(either halides or fluorides) at elevated temperature (several
hundreds of degrees centigrades), and then the separation
of the minor actinides, or all the actinides, is tackled using
several pyrometallurgical methods. These methods include
electro-deposition as metals; liquid extraction using a
molten metallic solvent; or selective precipitation as oxides.

Detailed chemistry and system design

In the hydrometallurgy area, the majority of the research
focuses on the study of partitioning methods based on the
use of solvent extraction methods with some work dedicated
to the development of co-conversion methods for fuel or
ADS target preparation. The research in pyrometallurgy will
cover a variety of areas. The development of specific
partitioning methods will be studied, including the study of
the fundamental chemistry of trans-curium elements in
molten salts. In addition, the conditioning of nuclear wastes
will be looked at as well as studies on total system design.

A strong project management team will be concerned not
only with the technical issues arising from EUROPART, but
also with information and communication, science and
society, gender issues. Training and education of the young
researchers will also constitute an important part of the
project. In particular, processes for possible industrialisation
of partitioning strategies will be defined.

Potential to greatly shorten duration of
radioactive waste hazard

The management of nuclear waste is a complex but
unavoidable issue. Long-term storage in deep geological
disposal sites is a technically achievable and proven safe
option for secure storage but has yet to gain pan-European
approval from the majority of citizens. Partitioning, in
concert with transmutation technigues, may help to gain
approval by providing a waste material less radioactive that
requires storage for dramatically shorter time periods —
periods that are understandable and give a definable and
relatively close end point.
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Nuclear energy currently provides

about 35% of electrical power in the

RED-IMPACT

EU and it is the most significant source
of CO, — free base-load electricity supply presently
available. As an indigenous and dependable source of
energy, nuclear energy contributes effectively to the
EU’s independence and security of supply. The key
issues in the sustainable development of nuclear
energy are operational reactor safety and manage-
ment of long-lived waste. Both of them are being
addressed through continued work at the technical
level though allied political and societal inputs are
also required. Partitioning, transmutation and condi-
tioning (P&T/C) and other waste reduction technolo-
gies could significantly reduce the burden associated
with radioactive waste management and disposal.
RED-IMPACT will assess the impact that P&T is like-
ly to have on final geological repository requirements

and the sustainability of nuclear energy.

Assessing impact of partitioning
and transmutation

The objectives of RED-IMPACT project are to assess the
effects of P&T on geological disposal and waste management,
assess the economic, environmental and societal costs and
benefits of P&T, and disseminate results of the study to various
stakeholders (scientific, general public and decision-makers)
and get their feedback during the study. The feedback will
be used in iterations of the study and to refine the work to
maximise the impact of this study on the implementation of
the European Community’s waste management policy.

In particular, a set of nuclear fuel cycle models representing
the options proposed in different European countries will be
selected, as well as most of the variations in technological
choices that may affect the possible impact of P&T with a
significant magnitude. For each of these fuel cycles the
details of the component parameters, including reactor and
reprocessing plants, will be defined and the equilibrium fuels
and the incoming and internal mass flows of nuclear
materials will be evaluated.

Impact of Partitioning, Transmutation and
Waste Reduction Technologies on the Final
Nuclear Waste Disposal

Visitors at low- and intermediate-level waste disposal site at EI
Cabril, Spain
(Courtesy: Kungliga Tekniska Hdgskolan)

Reviewing strategies, selecting scenarios

The RED-IMPACT project covers a number of research
aspects. Waste management and transmutation strategies
will be reviewed and several representative scenarios will
be selected for in-depth impact studies. The feasibility of
the industrial deployment of selected scenarios will be
made and their impact on waste management studied.
Assessment of waste streams, waste features, leach
resistance, heat generation, reprocessing capability, etc
will be studied for selected fuel cycles, and assessment
will be made of the benefits and costs of P&T/C in
advanced fuel cycles for waste management and
geological disposal. The economic, environmental and
societal assessment of fuel-cycle strategies will be
performed, and synthesis and dissemination of results of
the above studies will be made for stakeholders.

The consortium in the RED-IMPACT project is unique in
that it has assembled the most relevant actors in this field
and it has a very broad multi-disciplinary scientific and
industrial background of partners, including waste
management agencies and companies, nuclear industries
and utilities, and research institutes and universities from
across Europe. The project will be conducted in three
iterative phases.
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Demonstrating benefits, improving
public perception

Three summarising project reports together with their
dissemination efforts are major milestones at 15, 24 and
36 months and will be produced at the end of each iteration.
The final report will comprise results of the reiteration of the
most important parameters and a sensitivity analysis.

The completion of this project will provide a major advance
in P&T/C research and waste management by producing
the first comprehensive and coherent evaluation of the final
benefits, difficulties and costs of the deployment of these
technologies for nuclear waste management. It will create
common ground to assess future nuclear waste repositories
from the point of view of developing technologies that offer
more diverse ways of treating nuclear waste through
reduction of waste generation, waste conditioning and
partitioning and transmutation. Finally, the results of the
project should help to ease major difficulties in public
perception of the nuclear waste problems and will assess
the potential of developing technologies to reduce the
burden of the back end of the fuel cycle.

Improving safety for waste disposal,
stimulating public dialogue

By creating a sound basis to assess future nuclear waste
repositories from the point of view of developing
technologies offering diverse ways of treating nuclear
waste through reduction, conditioning and finally
partitioning and transmutation, RED-IMPACT will provide
proof of the long-term safety required to establish relevant
standards for disposal and ease public acceptance of
disposal options.

Moreover, the RED-IMPACT project has a clear potential to
rationalise public debates concerning nuclear waste
problems and effectively influence energy policy in EU, in
particular the future of nuclear power. An ambitious
programme for the dissemination of results, and plans to
conduct an intensive dialogue with the general public and
expert community, guarantee a significant contribution to
policy developments.
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Owing to security of supply and cli-

ACTINET-6

mate change issues, nuclear fission is

likely to remain a significant part of
Europe’s portfolio of energy sources for the fore-
seeable future. Although the nuclear industry
employs a mature technology and operates nuclear
plants with a high level of safety and efficiency, a
major issue requiring intensive R&D is to secure a
broadly agreed approach to waste management
and, more generally, the exploration of new con-
cepts for nuclear energy generation that make bet-
ter use of fissile material and generate less waste.
Fundamental actinide sciences play an important
role in this context and are recognised as an essen-
tial basis for further development of this strategic-
ally important sector. Actinide sciences must be
revitalised through Europe-wide networking, coord-
ination and the utilisation of available research
facilities and optimisation of research and training

capacities.

ERA and Actinide science

Through radical changes to the way research infrastructure
and human and other resources are managed and exploited,
the ACTINET network is taking the initial steps needed to bring
about a full and sustainable implementation of the European
Research Area in the domain of physics and chemistry of
actinides. To achieve this, three axes of action are envisaged:
stimulating a global European infrastructure policy; defining
shared and ambitious research programmes taking advantage
of the available infrastructures; and joint efforts for training.

The ACTINET consortium includes 26 institutions from 14
European countries plus European Commission resources
(JRC-ITU), bringing together major experimental facilities,
academic and applied research expertise and capacities,
and training experience.

Multi-site, multi-user resources, research
and training

The network’s first priority objective will be to pool together and
operate, as multi-site and multi-user central resources,

Network for Actinide Sciences

Hot-cell remote handling
(Courtesy: EC-JRC-ITU)

selected components of the existing European infrastructure
for handling and studying radioactive materials by carrying out
joint research projects involving all members of the network.
This requires implementation of improved regulations and
procedures to allow for easy access to and use of the facilities,
including mutual recognition of safety certification between the
various ACTINET institutions; preservation of compatibility
between users, in particular between academic ACTINET
users and industrial partners; provision of accommodation for
visiting research staff at ACTINET user facilities; implementing
or adapting training for ACTINET researchers; exchanging
scientific and engineering expertise to improve experimental
set-ups to meet common ACTINET user requirements;
improving compatibility and convergence of reference
databases, software tools, and data processing methods, to
enable better and easier comparison and interpretation of
experimental results within the network; stimulating the
complementarities of the national tools by designing and
implementing coherent policies for their evolution and future
development; and implementing a viable economic model for
the operation of the multi-site user facility in the long term.

Joint research projects proposed by members of the ACTINET
network will be evaluated by a scientific advisory committee
prior to receiving support. Research projects supported by
ACTINET will address all major fields of basic actinide
sciences including: the chemistry of actinides in solution and
solid phases; the geochemistry of actinides, and the physics
and chemistry of irradiated actinide materials. These
activities aim to improve our understanding of the complex
phenomena that occur in nuclear fuels, in waste processing,
and over the long term in radioactive waste disposed of in
deep geological formations. They contribute to developing
mechanistic and physically based actinide behaviour models
which will provide complementary or alternative approaches
to current techniques, with potentially important impacts on
the techniques and practices used in the industry.
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Cross-cutting research on radioactive waste management

Today, some academic centres retain both a teaching role
and research programmes in actinide sciences, but support
for renewing equipment and increasing staff numbers is
often lacking and sometimes even the existence of courses
in nuclear sciences is under threat. A portion of these
teaching and training activities and associated resources
will be placed under common ownership within the
network. In particular, greater participation in training in
universities is being planned by the national laboratories.
Annual ACTINET summer schools, held alternately in ITU
(Karlsruhe) and in CEA (Marcoule), will focus on specific
fields within the actinide sciences.

Improved access to facilities, enable
ambitious research

In a situation where there is a scarcity of available tools,
establishing a shared European infrastructure policy will
improve access to major actinide research facilities for the
European scientific community. This will optimise the
utilisation of existing experimental facilities and coordinate
the deployment of future facilities at the European level.

The definition of shared ambitious research programmes,
taking advantage of this access to up-to-date experimental
tools, will reduce the fragmentation of the European
community in actinide sciences and strengthen scientific
excellence. Enhanced mobility and infrastructure availability
for joint research programmes will allow the next generation
of actinide scientists and engineers to gain important hands-
on experience in a wide range of experimental techniques
as part of their training. This will be a major benefit to an
integrated European policy.

Safe and effective disposal, new
technologies

Understanding fundamental actinide science is of major
importance in ensuring that the disposal of high-level, long-
lived radioactive waste is achieved as safely and effectively
as possible. Actinide science can lead to the development
of new disposal techniques that benefit health and safety
and further reduce the risks to society. Fundamentally, it
can also help deliver new nuclear fuel cycles that minimise
production of high-level waste and increase the efficiency
of nuclear power plants. No matter what the future is for
nuclear power, current waste stocks and future quantities
arising from a variety of technological and medical activities
will remain a fact of life for future generations; it is important
that society retains the knowledge, expertise and resources
in actinide science to be able to deal with this material safely.
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Following on from the COWAM project

COWAM-2

initiated during the Fifth Framework

Programme, COWAM-2 will carry out
a collective and inclusive dialogue on ways to
improve decision-making processes (DMPs) in
radioactive waste management (RWM) at local
and regional levels. It will take into account the
national, cultural and historical contexts of indi-
vidual European Member States. The unique
characteristic of COWAM is its approach to this
issue — taking note of the viewpoints coming
from both local and regional communities cur-
rently or potentially concerned by RWM. COWAM-
2 will move on from the initial exploratory con-
clusions of the first COWAM project to broadly
based, validated and practical recommendations

for implementation.

Sustainable decisions, involving society

COWAM-2 will identify the actual conditions and
prerequisites based on a more significant and well-
designed involvement of local stakeholders in improving
the governance of radioactive waste management (RWM).
These include better identification and understanding of
societal expectations, needs and concerns as regards
radioactive waste DMPs, in the context of previous and
ongoing successful and unsuccessful experiences.
Increasing societal awareness of and accountability for
RWM at local, national and European levels can create
the right conditions for improved dialogue between the
various stakeholders.

Guidance will be developed (including key non-technical
and technical dimensions) and best practices and
benchmarking on practical and sustainable DMPs
(recognised as fair and equitable by all stakeholders) will
be described. The whole project should enable European
societies to make actual progress in the governance of
RWM, in order to reach practicable, accountable and
sustainable decisions.

Community Waste Management 2:
Improving the Governance of Nuclear Waste
Management and Disposal in Europe

Project partners - a cross-section of experts from many
disciplines © CEPN

Structured dialogue, issue analysis,
new strategies

The COWAM-2 project is split into five complementary
activities. A structured dialogue on enhancing involvement
at a local level will allow stakeholders to examine the issues
they face in building a democratic local process. The
Participatory Technology Assessment methodology will be
tested to see if it can offer a consensual framework and a
platform for deliberative co-decision among scientific and
societal actors at the local level. A participatory stakeholders’
involvement mechanism will be defined to allow local players
to ‘stretch’ those responsible for national decision-making.
This could help provide practical recommendations for the
design and realisation of a ‘robust’ DMP that can be
perceived as sound, fair, equitable and sustainable by the
various stakeholders.

Underlying these process aspects there is a need to
identify, discuss and analyse the institutional, ethical,
economic and legal considerations raised by the existence
of a site for long-term waste storage or geological disposal.
Three interrelated issues will be considered more
specifically: responsibility and ownership; continuity of
local dialogue and monitoring; and compensation and
sustainable development to produce best practice in
DMPs. Relevant outcomes from COWAM-2 will be
integrated in national RWM strategies and a review of the
experience of each participating country described in a
common format. The results will be widely disseminated
within and outside the COWAM network.
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Societal and strategic studies

Wider societal involvement,
mutual learning

A major difficulty in the past resulted from the fact that RWM
was essentially carried out by public authorities and RWM
implementers. Wider societal involvement only happened in
the form of opposition to the proposed options and strategies.
Therefore, a major objective for improving the governance of
RWM is to create the conditions for society to be involved, in
a shared political concern, in the development of sound
national strategies for RWM. COWAM-2 will produce a societal
framework in Europe of aware, accountable and empowered
players and institutions sharing common views on RWM,
beyond (but in dialogue with) the traditional circle of nuclear
actors. By implication, COWAM-2 will enhance mutual
learning between concerned stakeholders, will provide them
with guidance, and disseminate the project’s conclusions to
a wider concerned public.

Consensual decision-making,
waste solutions

The involvement of stakeholders in the core COWAM
activities is essential to the quality, legitimacy and
robustness of their results. Stakeholders will contribute
expertise on the issues they are directly concerned with,
in conjunction with experts from the various fields
concerned with RWM. Stakeholders will take part directly
in all the working groups and explore the practical
implementation of improved modes of governance. In
return, this participation will provide them with
opportunities for capacity building which will have a direct
impact in their RWM-related activities at both local and
national levels.

Stakeholders will participate in the overall project strategy
by setting preliminary success criteria. They will also check
and review the results, validating the outcomes of the
project. This innovative process will ensure that the activities
make progress within the overall COWAM-2 objectives and
that they adequately address stakeholders’ practical and
specific concerns. To summarise, the project should enable
decision-making on RWM — a subject of vital importance
to future energy and environmental policy.
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Some nations in the enlarged European

Union with smaller nuclear power pro-

grammes may not have the resources or
range of expertise to build their own repositories for
long-lived radioactive wastes. For these and other
states, there may also be environmental and econom-
ic advantages in co-operation. The prospect that
countries could work together to explore regional solu-
tions will raise new transnational issues of safety and
governance. These include: nuclear security, safety of
multi-user repositories with diverse waste types,
national and European public acceptability, trans-
boundary waste transport, and national and European
economics and law. SAPIERR brings together inter-
ested Member States and Associated Countries to lay

the foundations for concept development.

Scoping collaborative programmes,
seeking the boundaries

SAPIERR is a pilot initiative to help Europe establish the
boundaries of the issue of potential collaboration between
Member States to build regional high-level, long-lived waste
depositories receiving waste from two or more national waste
disposal programmes. The project will collate and integrate
information in sufficient depth to allow concepts for potential
regional options to be identified and the new RTD needs to
be mapped out. Possible future programme components
and structures will be suggested.

SAPIERR brings together Member States and candidate
countries wishing to explore the feasibility of regional European
solutions to this issue. Specific proposals for individual regional
facilities, including potential sites for construction, are not part
of this initial pilot study. The work is aimed at establishing the
boundary conditions for such collaborations and the
implications for an enlarged European community.

Gathering and analysing data for possible
scenarios

The development of a geological repository is a very long-term
project lasting decades. Given the current rapid geopolitical

Support Action: Pilot Initiative
on European Regional Repositories

Schematic layout of a deep repository
(Courtesy: DECOM Slovakia)

development in Europe, in particular enlargement, the socio-
political reservations concerning multinational repositories that
have been expressed by some countries may not be significant
issues when actual construction is required. Indeed, the
environmental and economic advantages of a type of shared
disposal solution may prevail over perceived political
disadvantages. The prospect that European countries with
small nuclear power programmes could work together to
explore regional solutions for the disposal of long-lived
radioactive wastes is raised in the draft of the European
Commission (EC) Directive for "the management of the spent
nuclear fuel and radioactive waste".

SAPIERR is an initial project, implemented by a small
consortium and involves parties from several interested
countries that is gathering relevant data and analysing it
to produce scenarios and possible concepts for European
multinational storage and disposal of high-level
radioactive waste. It will also identify related RTD needs
to propose mechanisms for developing strategy options
and future EU research programmes. A commitment to
participate in the working group and to supply relevant
national data has already been signalled by organisations
from some EU Member States and candidate countries.
One essential project tool is a working group of 21
organisations from 14 countries interested in the concept
of European regional repositories. The first formal meeting
of the SAPIERR working group was held on 19-20
February 2004 in Slovakia, hosted by DECOM Slovakia,
the project coordinator. ARIUS, the Association for
Regional and International Underground Storage, set up
to promote concepts for international solutions to the
storage and disposal of radioactive waste, was founded
in 2002 in Switzerland and is DECOM Slovakia’s partner
in SAPIERR.
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Societal and strategic studies

Future research needs for concepts
development

The SAPIERR project will not be able to tackle all the open
issues associated with multinational repositories. The
emphasis is on the waste inventory data collection and legal
aspects, together with identification of future RTD needs. The
specific objectives of SAPIERR are to develop a collaboration
framework and an initial database for regional waste
management in Europe, and to identify amounts, types and
timescales for relevant wastes. The team will assess all waste
requiring geological disposal, but the emphasis will be on spent
nuclear fuel and high-level waste. From this data, possible
concepts for European regional storage and disposal will be
identified and the main safety and governance implications
raised by these concepts analysed. From these studies,
priorities for future in-depth studies will be proposed and the
case for new, transnational RTD requirements examined. In
particular, mechanisms will be proposed for developing
strategy options and RTD needs in future EU programmes.

An important overarching objective is to ensure that
considerations of regional repository concepts in the EU
proceed in harmony with national programme strategies.
Itis important that these two strategies are understood as
complementary approaches intended to ensure that safe
and secure geological disposal is ultimately available to
all members of the enlarged Union. The fact that the
working group includes members from all EU Member
States and candidate and Associated Countries with a
direct interest in exploring regional solutions is the
project’s first main achievement. In addition to normal
reporting channels, project findings will be presented to
the European Commission at an international seminar at
the end of the project.

Looking to acceptable solutions

The development of a geological repository is a very long-
term project, requiring expertise and adequate resourcing.
The long-term, safe and secure disposal of currently
stockpiled radioactive waste is a task that every EU Member
State has to tackle in the near future. Although previously
seen as a political problem, the construction of regional
repositories, in which a number of countries share a single
facility, may have economic and environmental benefits and
produce acceptable disposal solutions.

Disposal of radioactive waste is a global issue and regional
repositories are also of interest outside Europe, although
they have yet to be studied in depth. SAPIERR will put
Europe in a leading position to provide advice and, possibly,
services to other parts of the world.
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Using innovative technologies for

the identification of genetic vari-

ables in the processing of radiation
damage and quantitative analysis of the implica-
tions for risk assessment, RISC-RAD gathers
together the full spectrum of European research
in radiobiology from DNA damage to cancer
induced by ionising radiation, and modelling for
the improvement of quantitative risk assessment
of the effects of low and protracted exposure to
radiation.

Understanding low dose effects

Effective radiation protection requires a thorough under-
standing of the effects of low doses of ionising radiation.
Currently, the effects of low doses are extrapolated from our
knowledge of the effects of high doses. In addition, it is
important to appreciate the variation in individual responses
to radiation within the human population due to genetic
factors.

Present estimates of the risks from radiation exposure are
based largely on the ‘average’ individual in an exposed
population. However, clinical observations of adverse
reactions to radiotherapy indicate that large variations exist
in radio-sensitivity. RISC-RAD will improve the quantification
of risks by identifying all the relevant parameters that
determine the differences in response to radiation.
Underlying this study is an essential need to assemble a
detailed knowledge of the mechanisms by which radiation
interacts with cells and genetic material to induce cancer
in humans.

Radio-biological interactions, genetic
variation

RISC-RAD is coordinated by CEA in France and
encompasses a multidisciplinary team from 33
laboratories involved in radiobiology, genetics, molecular
biology, cellular biology, biophysics and oncology, using
an array of innovative and state-of-the-art technology
(genomics, proteomics, advanced fluorescence
microscopy, RNA interference, gene knock-in
technology). Five specific activities will be undertaken.
The defensive response of DNA to damage by radiation

Quantification of Risks Associated
with Low and Protracted Doses
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Elements of the RISC-RAD project
(Courtesy: CEA)

will be investigated including the impact of the major
defence pathways (DNA repair, cell cycle checkpoints,
apoptosis) and radio-sensitivity using in vitro models and
living cells. How genomic instability, including the role of
ageing and other structural effects, is associated with the
development or otherwise of cancer cells will be studied
as will the actual mechanisms of tumourigenesis triggered
by radiation, including the effects of radiation-induced
mutations. Genetic susceptibility to radiogenic tumours
will be researched involving the complexity of common
genetic determinants, how tumours respond and are
suppressed, and the intra-variation in human radiation
response. Finally, the mechanistic understanding of multi-
stage radiation carcinogenesis will be improved using
modelling for improved risk assessment. Quantitative
biophysical models will be developed for crucial steps in
the process, which will result in a more reliable and
accurate quantification of the health effects of radiation
at low doses.

RISC-RAD is designed to be a flexible Integrated Project:
20% of the budget is reserved for external calls for
research (open to organisations not in the project) to
develop topics requiring additional effort, such as
research on chromatin structure, cell signalling, etc. In
addition, further internal calls for research dedicated to
existing RISC-RAD partners will be made as the project
progresses, and could include studies on cancer
development in mouse models, state-of-the-art reviews,
and efforts to improve interdisciplinary collaboration.
Training activities will cover specialised courses open to
both RISC-RAD partners and other third parties, and
funds for short-term mobility for researchers within the
partnership.



RADIATION PROTECTION

Quantification of risks associated with low and protracted exposures

Identification of genetic factors,
mechanisms of tumourigenesis

Quantification of risk at low and protracted doses of
ionising radiation requires the identification of new
parameters taking into account the ‘inter-individual’
differences in radiation responses. The leading research
teams in RISC-RAD will join forces to study ionising
radiation-induced DNA damage response/repair
epigenetic effects and genomic instability,
mechanisms/genetics and modelling of multistage
radiation tumourigenesis. The project will improve
understanding of the various steps involved in the process
of radiation-induced tumourigenesis. It aims to answer a
number of important questions including: Who is at
higher risk? What are the quantifiable risks of low and
protracted doses? What are the mechanisms through
which risk factors act? When and how do factors
modifying risk exert their influence? Is there a link
between individual high dose (short-term) and low dose
(long-term) radio-sensitivity?

The project will stress that the identification of genetic
factors in the processing of radiation-induced DNA
damage is vital for the re-evaluation of current radiation
protection measures and the development of future
standards.

Improved public radiation protection,
new insights on cancer

Nuclear power has an excellent overall health and safety
record in Western Europe. Radiation protection has
always been a significant part of nuclear research and
the understanding derived from these studies underlies
the health and safety standards and exposure limits
established today. However, understanding of the effects
of low and protracted doses of ionising radiation is
considerably less than those caused by high intensity,
short-term exposures.

The RISC-RAD results will improve understanding of the
effects of low and protracted exposure to ionising
radiation and enable improved and more appropriate
standards to be established. This will enhance public
health and safety particularly in populations exposed to
higher-than-average natural or background radiation. The
fundamental research will also improve the general
understanding of the genesis of cancerous cells, especially
the mechanisms involved in the interaction of ionising
particles with cells and genetic material and the
subsequent processes that turn a healthy normal cell into
a cancer tumour.
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The overall aim of the MSCRB is to

maintain and expand expertise and

competence within the European
Union and other European countries in the radio-
biological basis of radiation protection. The
action will support the education and training of
young scientists who plan to undertake cellular
and molecular biology research on the effects of
low and protracted doses of radiation. The pro-
ject will disseminate the latest results of nation-
al and Community research programmes to those
who enter the field, and produce experts with a
sufficient and appropriate breadth of knowledge
in all areas of classical and molecular radiation

biology.

Supporting radiobiology education

The objective of the MSCRB support action is to produce
experts with comprehensive knowledge in all areas of
radiation biology including molecular radiation genetics.
Rules and regulations in radiation protection are based
on radiobiological research. National and international
committees, boards and administrations all have to
interpret the existing rules in the light of progress in
radiobiological research and to adapt them to specific
needs and situations. This task requires scientists who
have a broad understanding of the entire field of radiation
biology.

In order to meet these requirements, the European
Commission encouraged and supported the development by
the project partners of a postgraduate course in radiation
biology with clearly identifiable European dimensions. Since
its inception in 1993, the course has provided a core of almost
80 comprehensively educated radiobiologists who, in future,
will serve their countries and the European Union as scientific
advisors, lecturers on special radiation protection courses, and
as research programme leaders. So high has been the
demand for these graduates in radiation biology that the great
majority of them have found excellent positions in radiation
research or related fields in medicine on completion of the
course. More than 80% have stayed within the general field
of radiation sciences.

European Master of Science Course
in Radiation Biology
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Further integration and encouraging
standards

The Master of Science (MSc) course has been developed
to offer high-quality education and training to a small group
of up to 12 postgraduate students for one year in all areas
of traditional and molecular radiation biology, radiation
epidemiology and radioecology. The course teachers and
facilities include many of the most distinguished radiation
scientists and radiobiological laboratories involved in
formal teaching and practical research training. During the
last few years, an ever-closer integration of the European
Master of Science course into the Framework Programme
of the European Commission’s research in radiation
protection has been achieved and is being further
developed in FP6.

The education and training exercise is spread over five
European countries, encouraging contacts to be made
between students, teachers and laboratories which often
continue later and lead to research co-operation. Maintenance
of teaching standards and teaching expertise in radiation
biology in Europe is encouraged by the senior and expert
scientists who teach and participate in the course.

A new generation of radiobiologists

The future development of radiation protection and radiation
protection research in Europe is facing a major problem of a
pan-European dimension: namely, a lack of comprehensively
trained young radiobiologists who can carry on developing
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radiation protection science through the integration of results
and concepts from classical radiobiological research and
emerging molecular radiation genetics research.

Experience over the past few years has convinced project
participants that this MSc course is capable of meeting the
requirements for the various areas of radiation protection
research and radiation medicine research now and in the
future. Future developments will lead to an ever-greater
integration of the education and training activities provided
by the European Master of Science course into the leading
research programmes in radiation research throughout
Europe. In this way, direct dissemination will be achieved
of the latest results in radiobiological research to relevant
audiences, along with urgently required training of
outstanding young scientists who intend to devote their
scientific ambition to radiation research.

Maintaining safety, feeding research

Citizens in most European Union countries regard radiation
protection as a high priority in environmental conservation
to protect humans from cancer and other genetic diseases.
In addition to being an area of basic and applied research,
radiation biology plays a very important social role since it is
the scientific basis of radiation protection. Existing radiation
protection regulations need to be interpreted and developed
further on the basis of progress in radiobiological research.

A co-operative action by the European Commission and five
universities from Austria, Belgium, Germany, the Netherlands
and United Kingdom has developed a European
postgraduate course with a clearly identifiable European
dimension. No individual institution in any EU Member State
would be in a position to teach a similar course at a
comparable scientific level. One result of such co-operation
is that future experts in the biological basis of radiation
protection are living, working and learning together for a full
year and are taught by the most eminent experts from
different European countries. In addition to providing the
highest possible scientific standards of training, this
integrated teaching also fosters mutual understanding of
various attitudes and approaches to radiation protection
which may derive from different undergraduate training and
different national attitudes. Moreover, it also encourages
future collaboration of students with each other and/or with
the eminent radiation scientists who teach the course. In
addition to joining the most active research groups in radiation
protection research and clinical radiation medicine research
on graduation, the Masters of radiation biology from previous
courses have been very active in teaching on a wide range
of radiation protection courses thus effectively disseminating
the knowledge they gathered during their studies.
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Computed tomography (CT), some-

times called a CAT scan, can provide

highly detailed medical diagnostic
information and can show bone, soft tissue and
blood vessels in the same images. However, it is
associated with a relatively high exposure of
patients to radiation. This project will undertake
research that will produce new guidelines for the
use of CT which will improve radiation safety in

Europe and optimise the use of CT in health care.

Balancing safety, clinical need and cost

CT uses special X-ray equipment to obtain multiple images
of the body from different angles, which are then synthesised
to show cross-sections of body, tissue and organs. However,
the technique is associated with relatively high radiation
exposure for patients, accounting for 30-40% of the
collective dose due to diagnostic radiology in Europe
whilst representing only 3-6% of all X-ray examinations
undertaken. New developments in CT, in particular the
introduction of sub-second multi-slice scanning, have had
a great impact on medical care and radiation protection. CT
now enables large volumes to be scanned and the same
body part to be scanned several times within a much
reduced time span.

The project consortium will perform original research from
which practical guidelines for safety and efficacy of CT
will result. The main focus of the research will be on
improving radiation safety standards in Europe in relation
to the justification and optimisation of use of CT, thereby
contributing also to the cost-effectiveness of health care.
Justification of CT will analyse specific clinical problems,
taking into account the efficacy, (radiation) safety and costs
of CT and alternative methods. The clinical implementation
of CT will be optimised to achieve good diagnostic sensitivity
with an associated radiation exposure to the patient that is
as low as is reasonably achievable. This can be achieved
by optimisation of CT acquisition parameters and automatic
exposure control for certain CT procedures.

Optimising use, minimising dose

The main focus of the research will be on improving radiation
safety standards for a comprehensive range of clinical
applications of CT, including cardiac, interventional and

Tomography (CT): A Broad Perspective

A Computed Tomography (CT) scanner installation
(Courtesy: Leiden University, Medical Centre)

paediatric CT. Existing practices for the clinical indication
of CT use in six participating hospitals will be assessed,
evaluated and identified. The best practices that appropriately
balance benefit and risk will be identified and used to
generate decision algorithms. Diagnostic algorithms will also
be generated and evidence-based decision algorithms
derived for the application of CT. Optimising CT is difficult
due to the large number of control and patient parameters
encountered. The project will attempt to relieve of the burden
of selecting technical scan parameters using the concept
of an automatic exposure control (AEC) for CT involving
relevant CT manufacturers. There is also a need to optimise
use of CT in paediatric medicine, where opportunities for
such have not yet been fully studied.

Dosimetry is an essential element in the management of
patient dose from CT, and modelling has an important role
here. New computational tools will be further developed
to provide a validated dosimetry system that accurately
models the exposure conditions used. This tool will be
combined with results from other parts of the project to
assess effective doses for the diagnostic algorithms and
optimised techniques developed. The software will also
be used to provide estimates of foetal doses from CT
examinations on pregnant patients.

Guidelines for best practice

The project aims to provide professional groups with essential
information on the justification and optimisation of computed
tomography in a broad context. The general public will be
informed, e.g. through the project website (see below).

The consortium will establish national and international
standards in the field of dosimetry and decision-making. The
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research on optimisation is expected to lead to standards
and recommendations regarding tube current modulation
of modern CT scanners, automatic exposure control, choice
of X-ray spectra and optimised protocols for paediatric CT
that are derived from pan-European research but will have
an international impact. Innovative research will be provided
by the consortium which includes researchers in radiology,
medical physics and radiation protection who are
regarded as scientific key players, not only in Europe, but
also worldwide. Enhanced safety and efficacy of computed
tomography contributes not only to the quality of medical
practice but also to cost-effectiveness in medicine.
Radiologists and other medical doctors will benefit from a
clear and thorough justification for specific applications of
computed tomography that will enhance their decision-
making.

Reducing public exposure, maximising
healthcare benefits

Radiological imaging in general, and CT in particular, play
an increasingly important role in medical diagnosis,
treatment and follow-up of patients. Several healthy
populations participate in programmes for X-ray screening
of diseases. Each year, European citizens will be involved,
either directly or indirectly, in radiological imaging. The
benefit of enhancing the safety and efficacy of radiology in
general, and of CT in particular, for those who are directly
involved, either as patients or as participants in a screening
programme, lies in achieving excellent medical care at the
highest standards in radiation protection. Unborn children
and parents may get involved in radiological imaging
indirectly, e.g. when the mother of an unborn child is
examined or when young children require an examination
using X-rays. On some occasions, unjustified anxiety about
the radiation exposure of (unborn) children by parents,
general practitioners and radiologists makes mothers and
children concerned about the radiation risks of X-ray
imaging. This may affect the effectiveness of their diagnosis
and treatment and may have considerable societal impact.
Enhancing the safety and efficacy of CT and providing
proper information about patient dose and radiation risk are
effective measures for reducing unjust anxiety about
medical exposure to X-rays.
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In recent years, a large number of
activities have been undertaken to
include effects of ionising radiation
on animals, plants and ecosystems in the system of
radiological protection. The European Commission
supported two projects within the Fifth Euratom
Framework Programme: one on the development of
a general framework for environmental impact
assessments for European ecosystems (FASSET);
and a framework for Arctic ecosystems (EPIC). The
ERICA project — Environmental Risk from lonising
Contaminants — Assessment and Management —
builds on these two experiences and goes beyond
their remit to involve active participation of stake-
holders. The accumulated expertise will be applied
in a number of case studies and includes risk and

management elements.

Assessing and managing environmental
impact of radiation

ERICA will provide an integrated approach that will
demonstrate the pathway from exposure to radioactive
substances, to possible effects (assessment) on animals,
plants and ecosystems, to measuring and estimating risk
(risk characterisation), and finally to deciding what to do
(management). The project will build on the achievements
of the FASSET project which provided a framework for the
assessment of the environmental impact of radionuclides.
The objective of ERICA is to provide an integrated
approach to scientific, managerial and societal issues
concerned with the environmental effects of contaminants
emitting ionising radiation, with emphasis on biota and
ecosystems.

The project consortium comprises 15 partners which can
be grouped in a number of categories: national regulators,
industry, research institutes, and universities. The wide
range of partners, bringing together the experience of over
50 scientists, provides the necessary strength and expertise
to achieve the project goals. In addition, ERICA involves the
participation of a wide range of organisations in an ‘end-
users group - EUG’ that represents different interests and
stakeholders’ views.
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The five project work packages (WPs) to construct the ERICA
integrated approach
(Courtesy: Swedish Radiation Protection Authority)

Risk characterisation, case studies,
science-based management tools

The project is divided into five activities. A range of user-
friendly assessment tools will be used to estimate exposure
of animals, plants and ecosystems to radionuclides in a
wide variety of situations, and to identify possible effects.
The level of risk will be measured and estimated from the
effects described by the assessment tools. The risk-
characterisation work will be supported by some
experiments and by consideration of extrapolation issues —
for example, how to describe the risk to a whole population
of animals once you have estimated the risk to a single
animal. The methodologies developed under FASSET and
ERICA will be applied to five case studies, the results of
which will be used to provide feedback on data gaps and
other problems requiring consideration.

From the information derived from risk assessment and
characterisation and the experiences obtained in the case
studies, a communication strategy will be formulated
aimed at decision-makers. This will include a
communications exercise with stakeholders from outside
the ERICA consortium. From this interaction, practical
guidance will be provided for decision-makers. The
development of science-based managerial guidance,
including methodologies for stakeholder involvement in
assessments, will be based on a number of meetings with
end-users representing a range of different interests, who
have agreed to participate in ERICA. The meetings will be
concerned with different scientific and managerial aspects
of assessments, including the development of
methodologies to derive standards. The overarching
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management task for the project is to help formulate the
ERICA integrated approach, based on the work produced
from the various individual tasks. The project will
conclude with a workshop where training in the use of
the ERICA integrated approach will be carried out for
stakeholders and end-users. The event will be open to
all stakeholders. It is hoped that people will then be able
to train other users in their own countries.

Exposure tools and guidelines,
integrated approach

Following the generic framework for assessing environmental
impacts, developed under FASSET, ERICA will expand into
risk characterisation and decision-making. The ERICA
integrated approach will consist of a set of tools and
guidelines, involving software to calculate exposure of
selected target organisms to radionuclides released into the
environment; software and databases to assist the
assessment of biological effects in those target organisms;
and guidelines as to the wider interpretation of implications
of such effects — both from an ecosystem perspective and
from a societal perspective — supported by guidelines for risk
characterisation, decision-making and methodologies for
stakeholder consultations. The final outcome of the project
will be the ERICA integrated approach to assessment and
management of environmental risks from ionising radiation,
using and providing practical user-friendly tools.

The ERICA integrated approach will be refined through its
testing in a number of realistic situations, and will also
involve testing of the assessment framework delivered by
FASSET. The result will be a state-of-the-art approach that
deals with both ecological and societal aspects of
environmental radiation, supported by practical tools and
guidelines. The progress of the project can be followed
through an e-newsletter. The resulting documentation will
also be published on the ERICA website.

Assist policy-making, support
environmental standards

The ERICA project will provide the scientific reasoning as well
as the broad societal views, which can direct policy-making
at the European Union level. The end-users group will aim to
reflect the views of the wider European and global community.
ERICA may act as a way to guide future European Directives,
which may require the implementation of standards to protect
the environment from the impact of ionising contaminants.
The ERICA integrated approach will be tested at a number of
sites and in a wide range of environments receiving radioactive
substances from man-made or natural sources.
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Despite the considerable resources

devoted to improving the manage-

ment of the consequences of nuclear
emergencies and the rehabilitation of contamin-
ated territories, the general situation in Europe is
still characterised by national solutions in terms of
both technical and administrative/political areas.
The EURANOS project, integrating 17 national
emergency management organisations with 33 re-
search institutes, brings together best practice in
Europe with the knowledge and technology to
enhance the ability of Europe to respond to any

nuclear or radiological emergency.

Pan-European preparation for major
emergencies

European countries have varying levels of preparedness to
respond to radiation emergencies. Such emergencies may
occur within a country or outside it; as a result of an accident
or of a deliberate terrorist attack; at a site for which
emergency plans already exist; or at an unexpected location.
Whatever the cause, an emergency in one country in Europe
will affect all the others to some extent. By sharing expertise,
data and technology between Member States, Europe is
placing itself in a position to respond appropriately and
effectively to any radiation emergency.

The scope of the project encompasses collating information
on the effectiveness of a wide range of countermeasures,
and providing guidance for an appropriate response
strategy; further enhancement of advanced decision support
systems (RODOS) coupled with exchange of information
based on state-of-the-art information technologies; and the
development of guidance for sustainable rehabilitation of the
living conditions in contaminated areas. A key element of
the project concerns the demonstrations activities, whereby
newly developed tools, methods and approaches are tested
in the actual operational environment, thus providing direct
and immediate feedback on the quality and appropriateness
of R&D activities. The project encompasses a variety of
supporting activities, including emergency exercises,
training and education, that foster best practice in
emergency response.

European Approach to Nuclear and
Radiological Emergency Management
and Rehabilitation strategies

@ RTD Institutes

National Emergency
Management
Centres

European coverage of the EURANOS project’
(Courtesy: IKET)

Research gaps, testing tools
and procedures

The activities of the EURANQOS project are grouped into two
thematic areas: R&D 'categories' and a set of 'demonstration’
activities. The R&D categories include emergency actions
and countermeasures, enhancement of decision-support
systems for operational application, and rehabilitation
strategies and guidance. Each of these R&D categories
addresses specific issues of interest identified by the users
or by previous research in the area. Each category contains
several topical R&D projects. Within the demonstration area,
21 individual activities are planned and structured to test tools
and methods as they are ‘released’ by the R&D categories.

The project is subdivided into a first and a second phase
lasting two and three years, respectively. At the end of
phase 1, a strategic review will be undertaken to respond
to the needs and reflect the experience of the operational
emergency management community. This will allow to
refocus the project activities for the remaining three years
as required.

Enhancing cross-border emergency
management
The overall goal of the project is the enhancement of the

technical, methodological and strategic approaches for
national and cross-border emergency management and
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rehabilitation in Europe. This could progressively lead to the
establishment of a European policy for emergency
management and rehabilitation strategies. The anticipated
results from all the R&D and demonstration activities are
directly supportive of this goal.

Compendia of countermeasures containing the data,
information and guidance for all feasible options will be
developed for both, food production systems in agricultural
and semi-natural areas, and inhabited and industrial
environments. The compendia will be applicable during all
phases of, not only a nuclear, but also a radiological
accident (e.g. terrorist attack). A generic handbook for use
in Europe will be developed to support the decision-makers
in their choice of options.

Computerised decision-support systems with integrated
data collection/exchange features are the key element of
successful decision-making under severe circumstances.
Within the EURANOS project, the RODOS (Real-time On-
line DecisiOn Support) system, developed through co-
operative European Framework Programme mechanisms
over the last decade, will be streamlined to allow for a
broader utilisation, and further enhanced to encompass
new features, like hydrological models, or to respond to new
threats, such as radiological terrorism (‘dirty bomb’).

Generic support and guidance will be prepared which could
be used by decision-makers in all aspects of rehabilitation
of areas affected by radiological events. This will
encompass the technical aspects, but will focus more on
the societal impact, which was often neglected.

The demonstration activities are expected to corroborate
both the usability and usefulness of specific methods and
tools developed within the project in an actual operational
environment. Coordinated demonstrations are to be
undertaken by up to 17 emergency management centres
from EU countries.

Better, more uniform protection for all
citizens

The collaborative process involving 50 organisations will lead
to increasing coherence on emergency preparedness and
rehabilitation strategies. This, in turn, will allow for a closer co-
operation among the entities with responsibility for emergency
management (and their supports) to lead the establishment
of the basis for a European core policy for emergency
management and rehabilitation strategies. In that way, the
project addresses a major societal need assuring both, a better
protection of the public in the case of a radiological emergency,
and a more uniform protection for all citizens in Europe.
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The NEPTUNO project

together all aspects of European

brings

education and training in nuclear
engineering, nuclear safety and other nuclear dis-
ciplines. Its main objectives are to ensure that
the courses in nuclear education offered by
European universities are high quality and com-
patible with the Bologna declaration and to har-
monise professional training and accreditation

schemes in the sector.

Integrated university courses,
more students, greater mobility

During the fifth European Framework Programme the
European Nuclear Education Network — the ENEN
Association was established to deliver quality certification
for education and training in nuclear disciplines. The
NEPTUNO project will further the integration and
qualification of university courses in nuclear disciplines at
European universities and enhance the harmonisation of
professional accreditation criteria and associated training
programmes across the European Union.

In addition the NEPTUNO project will provide an analysis
of current education and training resources. Working with
the European research mobility programmes, such as Marie
Curie Fellowships, this will allow European academic
institutions to preserve their nuclear expertise, counter the
decline in student numbers, and provide an increasing
number of postgraduate students trained in nuclear science
and engineering. A key element of this approach is the
development of the European Master Science’s degree in
Nuclear Engineering and the optimisation of postgraduate
training schemes including active exchange of students.

Education and Training in Enlarged
Europe, e-learning, ERASMUS

NEPTUNO is coordinated by the French National Institute for
Nuclear Sciences and Technology. The project consortium
consists of 35 partners, including 25 universities, and ten
research institutes or private companies from 19 countries.
Twenty-six of the partners are also members of ENEN. The
project will produce a state of the art report on education and
training in the enlarged European Union that will feed into the
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NEPTUNO databases on European Nuclear Know-How.
Technology developed by the Sustainable and Innovative
Nuclear Technology Evolution — R&D Network (SINTER) in a
previous Concerted Action will allow access to the database
via the internet and a variety of communication systems will
integrate e-learning with conventional teaching methods and
education and training efforts from other European research
projects.

A European Master of Science in Nuclear Engineering
curriculum will be developed using information evaluated
from qualified courses offered by ENEN Members and
NEPTUNO Partners. The admission criteria for exchange of
students under the EC ERASMUS scheme to encourage
transnational co-operation and funding resources offered to
universities, students, the nuclear industry and research
centres will be evaluated and other advanced courses and
continued professional training programmes in nuclear
studies promoted. The qualifications and training required
for key professional functions in the nuclear industry,
regulatory bodies and in other relevant nuclear professions
will be assessed. Past and current training programmes, in
particular training courses on nuclear safety, will be studied
to design a new programme on “Improved Professional
Performance for Subcontractors”.

European MSc, competence
and expertise preserved
The project will deliver an operational network of institutions

for academic education in nuclear studies at the master,
doctoral and post-doctoral level that is complemented with



research organisations, regulatory bodies and industrial
partners supporting research and development, bench-
training and continuing professional learning schemes.

End Users of the NEPTUNO project will benefit from
preservation of competence and expertise for the
continued and safe use of nuclear energy and other
applications of radioactive materials in industry and
medicine. It will provide a harmonized approach to safety
issues and best practice, at operational and regulatory
levels across all European Member States; and a
harmonized approach for education and training in
nuclear studies. This will secure the sustainability of
Europe’s excellence in nuclear technology and create a
European Nuclear Knowledge Management Strategy.

Public safety, security of supply

Nuclear power plants supply 30% of electricity consumed
in the EU and will continue to operate for a many decades
together with their associated fuel reprocessing plants.
Whatever the future profile of nuclear power these existing
plants will require decommissioning and management of
their waste until at least the end of this century. To ensure
public safety and continuity of power supply requires
competently trained nuclear scientists, engineers and
radiation protection specialists.

Uncertainty about the future of nuclear power has led to
fewer students studying nuclear subjects and a shortage
of new professionals. However, new investments in existing
plants to ensure compliance with modern safety and
operational requirements continues and the next generation
nuclear power systems is being designed as a response to
the challenges of global warming. The ENEN Association
developed a structured response to this problem and a
roadmap for the way ahead. The NEPTUNO project also
anticipates the requirement for nuclear scientists and
engineers when a decision to reactivate the nuclear
programmes is taken.
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The main focus of the CETRAD pro-
ject is education and training for the

management of geological disposal
for high-level and long-lived radioactive wastes and
spent fuel in geological formations, and on radi-
ation protection. In particular, CETRAD will survey
both current and anticipated education and train-
ing requirements and provision. The main out-
comes of the project will be proposals for future
education and training provision in this area to pre-
serve capability and expertise in Europe.

Education and training, radiation
protection and waste disposal

The objective of the project is to develop proposals for
structuring and delivering both education and training in the
management of the geological disposal of high-level and
long-lived radioactive wastes and spent fuel in geological
formations, and radiation protection. Within Europe there is
extensive experience in the principles and practise of
radiation protection and radioactive waste management.
However, there is growing concern that skills and expertise
are not being passed on to the sufficient level of younger
experts who will be required to manage nuclear facilities and
waste. This expertise ‘gap’ poses a potential risk to society
as there will be a need to manage such nuclear issues for
the foreseeable future. This project is seen as the forerunner
of a more comprehensive pan-European network in this
area, which is planned to emerge from this work.

The consortium consists of 20 partners who act as national
correspondents for 17 countries, namely UK, Switzerland,
Finland, Belgium, Czech Republic, Slovak Republic,
Slovenia, the Netherlands, Sweden, Bulgaria, Portugal,
Romania, Hungary, Germany, Italy, Spain and France. The
majority of the consortium partners are national authorities
responsible for the management of nuclear waste while two
partners have with expertise in the provision and
development of education and training.

Harmonisation and integration

Many organisations in Europe represent the state-of-the-art in
nuclear waste management. However, there is a clear and
continuous need for the provision of education and training in
this area. The numerous education and training programmes

around Europe are at different stages of development and need
to be harmonised. This would in particular enable countries
at early stages of development in their education and training
schemes to greatly benefit from the experience of more
developed organisations.

The project will be carried out in two phases. In phase 1,
national evaluations of both the needs for education and
training and the existing infrastructure and resources in the
field of radioactive waste management and radiation
protection will be undertaken. Then in phase 2, specific
proposals will be developed following analysis of the needs
identified.

Four specific tasks will be performed. Initially, real
education and training needs will be identified and current
resources within the area of radiation protection and
geological disposal within Europe will be assessed. This
assessment will cover both network members and other
bodies within a larger target group. From the needs
identified in the first two objectives, a number of
appropriate options capable of fulfilling such requirements
will be developed and evaluated. The project will also look
at integrating education and training activities across all
sectors in this area.

Proposals, skills gap, share knowledge

The final output of this work will be a comprehensive series
of proposal recommendations for projects to address all of
the educational and training needs in Europe in the field of
radioactive waste management and radiation protection.
These proposals will be produced in the final month of this
15-month project.

The coordination action will offer a way of filling gaps in current
skill deficits, which may prove to be of general benefit in other
sectors. It will also provide a means of bringing up to speed
the education and training resources in new Member States
and offer research scientists in other areas an opportunity to
access a variety of education and training infrastructures. The
action should increase demand for such education resources
in Europe and reduce costs by sharing knowledge. The action
will assist the export of relevant nuclear and associated
technology to other nations whose policies and technology is
less developed. The methods and resources developed in
CETRAD will be useful to other industries as the result of the
overlapping of ideas and concepts and to its integrated
European approach.

Skilled resource, improved public safety

The major social objectives achieved through the
implementation of the proposed CETRAD networking



include the setting up of a highly skilled workforce leading
to well-paid employment in the nuclear and associated
industries and the provision of manpower in this area for
professional development. The project will establish high-
quality and fully accredited qualifications with pan-
European recognition. This will assist in the licensing of
the essential main nuclear waste repositories, enabling
potentially hazardous radioactive waste to be disposed of
safely. Finally, by achieving all the above-mentioned
outcomes, the project will help in developing the European
knowledge-based economy in this area.

The social objectives achieved through implementation of
CETRAD are related to quality of life, health and safety,
improved employment and preservation/enhancement of
the environment. For example, this training allows key
personnel to implement state-of-the-art knowledge in the
specific areas of nuclear waste disposal in which they are
involved. This then ensures consistent and safe design and
working methods in nuclear waste disposal management.
The dissemination of knowledge consequently leads to
safety for European citizens and protection of the
environment. Furthermore, integrating international
policies that best fit each nation’s need would give optimal
solutions to specific problems facing the nuclear waste
disposal industry.
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OECD/Nuclear

Agency report ‘Nuclear Education

A recent Energy

and Training: Cause for Concern?’
showed that many nations were probably training
too few scientists to meet the needs of their cur-
rent and future nuclear industries. In Europe, of
particular concern are special skill-base deficits
within nuclear radiological protection, radioecol-
ogy and radiochemistry at Masters and doctorate
levels. EURAC will strengthen the scientific aca-
demic competence and analytical skills within
these areas to secure the future recruitment of
appropriately skilled postgraduates to meet the

needs of European stakeholders.

Ensuring human resources for radio
protection

The OECD/Nuclear Energy Agency's report ‘Nuclear
Education and Training: Cause for Concern?’, published
in 2000, showed that many nations were training too few
scientists to meet the needs of their current and future
nuclear industries. Additional studies undertaken by some
European governments to determine the health of their
national nuclear education programmes confirmed the
OECD/NEA findings; less student interest, lower course
numbers, ageing faculty members, and facilities requiring
renewal. Consequently, the European educational skill-
base has become fragmented to a point where universities
in most countries lack sufficient staff and equipment to
provide education in all but a few nuclear sectors.

Of particular concern — to the European Commission,
authorities, industry and professional, university-based
scientists — are the special skill-base deficits within
nuclear radiological protection, radioecology and
radiochemistry at Masters and doctorate levels. It is
contended that skills in these areas are of strategic, as
well as immediate, importance for the maintenance of
nuclear operations and options within the evolving EU
economy. They are also important for meeting the
challenges presented by unpredicted nuclear events such
as the Windscale fire, the Chernobyl accident, as well as
terrorist and sabotage activities.

Strengthening academic competence,
infrastructure and mobility

The objectives of EURAC are to strengthen the scientific
academic competence and analytical skills within
radiological protection, radioecology and radiochemistry,
and to secure the future recruitment of appropriately skilled
postgraduates to meet the needs of European stakeholders.
EURAC will assess the current and potential levels of
postgraduate university provision in these disciplines within
the EU and acceding nations — paying particular attention
to scientific and administrative issues, infrastructural
requirements, constraints and issues of human mobility.

Based on consultations with stakeholders, EURAC will focus
on innovative solutions and best coordinated practice within
the current provision base. The project will assess current
and potential levels of postgraduate university provision in
selected, linked disciplines within European higher
education institutions. Education specialists with strong
industry links with responsibility for the development of
postgraduate programmes and the supervision of research
students will undertake the study. The EURAC team will pay
particular attention to scientific and administrative issues,
infrastructural requirements, constraints and issues of
human mobility, and will take into account the Bologna Joint
Declaration on the development of coordinated postgraduate
education programmes within the EU.

Postgraduate syllabuses, ensuring
student recruitment

EURAC will propose actions to secure the future of nuclear
(as opposed to medical) radiological protection,
radiochemistry and radioecology postgraduate education in
the enlarged EU. The feasibility of a variety of possible
provision models to deliver agreed postgraduate syllabuses
will be examined, and the project will coordinate its activities
with those of other EU FP6-funded projects (NEPTUNO and
CETRAD) which are developing innovative solutions to
similar issues within other nuclear science disciplines.

EURAC will strengthen the scientific academic competence
and analytical skills within radiological protection,
radiochemistry and radioecology in Europe and secure the
future recruitment of appropriately skilled postgraduates to
meet the needs of European stakeholders. It will
recommend actions that could be taken within the EU to
help meet the postgraduate education needs it identifies.
By determining existing competence and infrastructures,
EURAC will estimate future scientific needs at Master and
PhD degree level and the requirements for underpinning



research facilities, equipment and technology. The
solutions developed for educational provision may include
enhanced national (with a European dimension), regional
and European coordinated education programmes that
could be developed to meet the needs of stakeholders.

Improved public safety, harmonising
expertise

The safety of the public, during any major nuclear incident
and in everyday situations that expose the population to
ionising radiation, is critically dependent on the skills of
experts in nuclear radiological protection, radioecology
and radiochemistry. Events such as Chernobyl have shown
that major incidents, even well outside its borders, can
impact across the EU and that the response to them
involves all Member States. By ensuring that the correct
quantity and quality of experts trained to Masters and
doctorate levels will continue to be available in all Member
States, EURAC will maintain the level of protection for
citizens.

Establishing harmonised levels of quality for equivalent
qualifications and creating opportunities for the
exchange of students between countries is also valuable
as regards enhancing public safety. A uniform level of
quality of expertise can be established in all Member States
and an early basis for long-term international collaborations
created that will benefit future transnational working.
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In most European countries nuclear
power is a reliable and significant

source of energy. This industrial cap-
acity has been supported by research infrastructures
established over some 40 years of operational nuclear
power plants. However, these infrastructures now need
renewal — in particular, there is a requirement to de-
velop a new Materials Test Reactor (MTR) in Europe.
The JHR-CA project will define innovative experimen-
tal devices that will be implemented in this new MTR.

Defining a new European materials test reactor

The Jules Horowitz Reactor Project (JHR) aims to define,
develop and construct a new material testing reactor in Europe,
operated as an international user-facility, for studying material
and fuel behaviour under irradiation. The JHR project is leaded
by CEA and the reactor will be established in Cadarache
(France). Start of operation for the JHR is expected in 2014.

Renewing the irradiation capability is an important and
structuring stake for the fission research in Europe in order to
continue safe and optimised operations of existing reactors,
to support Generation IV R&D and to keep alive competences.

The first step of this shared implementation was performed in
the FP5 within a thematic network FEUNMARR (Future
European Union Needs in MAterial Research Reactors, Nov.
2001 — Oct 2002) that allowed to elaborate a joint conclusion:

“There is clearly a need as long as nuclear power provides
a significant part of the mix of energy production sources”
“Given the age of current MTRs, there is a strategic need
to renew MTRs in Europe; At least one new MTR shall be
in operation in about a decade from now”.

Starting from this shared statement, the second step is provided
by the present JHR-CA. Because the period 2003-2005
corresponds to the definition phase of the JHR project, the two-
year JHR-CA (2004-2005) will involve European research
institutes, utilities and vendors in the specification of the JHR
facility through the experimental devices definition. For this
purpose, the JHR-CA has a balanced structure with i) the
Experts-Group to define state-of-the-art experimental devices
and ii) the Users-Group to issue end-user’s requirements and
assessing their consistency towards the JHR definition.

The third step will be the joint development of selected
experimental devices (2006-2010). This devices development
phase will require the networking of the irradiation community
ina tight organisation between involved research institutes and

Jules Horowitz reactor (Courtesy: CEA)

the JHR integration team. Testing and qualification of JHR
innovative components or processes will be performed on
existing MTRs.

These three steps will produced jointly developed
experimental devices and associated processes. Because
the irradiation activity governs a large part of the fission R&D
activity, this will impact on future Euratom programmes.

Applications, recommendations and requirements
The JHR-CA is organised in to three sets of work packages.

The first set of work-packages is dedicated to irradiation
applications stakes:

High temperature materials experiment. The in-core device
will have to accommodate high neutronic flux and
temperatures such as 1000°C. This device will be used to
develop new materials such as ceramics that will be used
for very high temperature reactors or for fusion applications.
In core material irradiation, with on-line controlled stress and
precise measurements. Taking into account significant
progresses in modelling and numerical simulation, these
high-quality experiments are necessary to support the
prediction capability. Corrosion under irradiation experiment.
Intricate couplings between corrosion, stress and irradiation
require matching the power reactor environment conditions.
This is a key topic to optimise reactor operation and the
reactor time life. Fuel thermal-mechanical behaviour and
fission gas release studies. This in-reflector device will
address a wide range of LWR fuel experiments. As an
important capability, the connexion with the fission product
laboratory allows the on-line monitoring of fuel behaviour.
These separate effects experiments give the best status of
the fuel under irradiation.

Fuel for gas cooled very high temperature reactor. This in-
reflector experiment will have to accommodate temperature
higher than 1000°C, to load a large number of samples for
statistic assessment and to be connected to the fission gas
laboratory which allow the early detection of particles failure
and activity release quantification.



Radioisotope production for medical application. The
prospect of a renewed European capability, with the JHR
and the “Medical valley” in the Netherlands, offers the
opportunity to build up a European strategy in this important
public health field. The overall process from the irradiation
to the sample delivery will be optimised in order to minimise
the production lead-time.

A second set of tasks is:

e toissue (2004) the “integration requirements files” defining
the general conditions for implementing a device in the JHR,

e to assess (2005) the integration of some experimental
devices proposed in previous work-packages.

The third set of work-packages is dedicated to the MTRs
Users community. The JHR-CA consolidates the European
MTRs Users community in order to issue a
Recommendations and Requirements Report. Starting from
the existing MTRs experience, the JHR-CA Users-Group will
worked out a set a recommendations that will be discussed
with other European utilities and vendors for building a
CONSeNsus.

Networked and novel experiments

The JHR-CA definition process will lead to the joint
development of experimental devices that will be proposed
to the last FP6 call. This development activity will require
increased networking between the research institutes and
the use of existing materials testing reactors to test and
qualify innovative experimental devices.

The JHR-CA project provides the framework to promote the
establishment of a new MTR in Europe and support state-
of-the-art designs for experimental devices and related
programs. Doing so, JHR-CA will improve integration of
national programmes and initiatives by gathering European
expertise and human skills, and by pushing a progressive
coherent European policy in the field of material and fuel
under irradiation studies.

Key results are technological breakthroughs in JHR
experimental devices that could be implemented (in totality
or partly) in existing European MTRs. Best pratices definition
for JHR operation and building of a cooperative strategy
between existing MTRs are also valuable outcomes.

Extending skills for safety and competitiveness

The development of JHR and its experimental devices will
make a significant impact on fission R&D activities and future
EURATOM programmes. The facility with its experimental
programs will preserve cutting-edge expertise in Europe and
provide the long-term capability not just to support the
continuing safe operation and competitiveness of the nuclear
power plants in Europe, but to provide a necessary resource
for the development of advanced future reactor designs.
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The HOTLAB coordination action is to

set up a European network of ‘hot la-

boratories’ (facilities with the expert-
ise and equipment to handle and analyse radioactive
materials) in support of nuclear energy safety opti-

misation and the long-term management of

radioactive waste. HOTLAB will work to maintain
nuclear expertise and secure an adequate nuclear-
related research infrastructure in Europe by, where
necessary, combining the best available compe-

tencies at the highest quality.

Preserving ‘hot’ expertise and facilities

The majority of European ‘hot’ laboratories were established
in the 1960s as nuclear power was widely introduced as a
significant energy source. The facilities in these laboratories,
such as remotely operated tools, have been continuously
developed since and have successfully supported the safe
operation of nuclear power plants in European utility
companies.

This coordination action will look at the current resources
and capabilities of national hot laboratories with the aim of
integrating their facilities. The aim will be, where possible,
to preserve expertise and employment and establish a
mutually accessible set of complimentary facilities for the
long term. An assessment of present and future needs will
be undertaken and the harmonisation and standardisation
of research methodologies capabilities addressed.

Assessing current inventory, future
need and transport issues

During the last decade, a variety of pressures, including
the maturity of many nuclear power plants and the negative
public perception of nuclear research, have resulted in an
appreciable downsizing of some national hot laboratories.
At the same time, these laboratories are faced with higher
demands regarding advanced research tools in response
to the more fundamental research needed to feed the
modern in-depth modelling, as opposed to the more
engineering-directed research of the past. Furthermore,
the aged basic infrastructure has to be refurbished in order
to comply with the more stringent requirements of the
regulatory authorities. Simultaneously, a new generation

Remote handling system in a hot laboratory
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of scientists are replacing the pioneers of the science —
but in fewer numbers. As a result, the hot laboratories are
facing a more complex workload in a more stringent
environment (i.e. more costly research assignments), with
reduced funding and a smaller and relatively less
experienced workforce.

The European national hot laboratories have traditionally
operated as individual, independent research
establishments without a common forward strategy and
no collective policies. The HOTLAB co-ordination action
represents a first approach to establishing such a
common response to the research needs of the nuclear
field. Hot laboratories are facing higher demands on their
research, including development of advanced tools for
continuing safety related R&D for the current operation
of nuclear reactors, including the safe resolution of the
nuclear waste issue. In addition, further demands will
arise from future advanced reactor designs for both
fourth-generation fission reactors and future fusion
reactors.

HOTLAB has three components:

Initially, a comprehensive inventory of the present hot
laboratory installations will be made. This register will include
all individual capabilities, such as number and type of hot
cells, the technical characteristics of the installation, its
capacity for handling and storing radioactive materials, etc.,
and will act as the basis for an analysis of synergies between
the various facilities.

In parallel, the present and future research needs of the
European nuclear industry and other stakeholders will be



assessed to ensure that the appropriate experimental
techniques will be operational in hot laboratories to support
the work.

In addition, a task group will be established on the transport
of nuclear samples. The optimisation of safe and secure
inter-laboratory transport is an essential prerequisite to
enable the integration of the individual hot laboratories
capabilities. The objective is to make available an up-to-
date European transport cask inventory to the nuclear
community and to harmonise transport procedures.

A solid basis for the future

The project will deliver an inventory of current research
capabilities in the form of an internet-based, dynamic
database. The database will also include the facilities for
inter-laboratory transport of samples.

The assessment of present and future needs for nuclear
research in terms of infrastructure facilities will form a solid
basis to build a common strategy for sustainable integration
in the longer term.

Ensuring support for public health and
security of energy supply

Within Europe, a substantial part of our energy supply will
still rely on conventional nuclear reactors for many
decades to come. The continued safe and economic
exploitation of the existing conventional reactors, including
a safe, secure and publicly acceptable resolution of the
waste issue, requires appropriate hot laboratory
capabilities for R&D in Europe for the long term. It is
generally recognised that research on waste management
technologies must be actively pursued and that the
European Union must hold its leading position in the field
of civil nuclear technology in order to retain the necessary
expertise, to develop more efficient fission reactors, and
enable fusion to become a reality.

HOTLAB sets the basis for continuing and enhancing the
vital work of hot laboratories supporting public health and
safety and promoting security of energy supply on a
common pan-European basis.
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Tremendous progress has been made

in research on severe accident man-

agement for the nuclear industry.
Now, 49 organisations are joining together in the
SARNET Network of Excellence to pool their
research capacities to resolve the most important
outstanding uncertainties and safety issues with
regard to reactors severe accidents (SA). This will
improve the safety of both existing and future
nuclear power plants (NPPs). The project has been
defined to optimise the use of available resources
and to establish research groups that will be sus-

tainable in the long term.

Developing common tools and comple-
mentary programmes

The establishment of SARNET will tackle the fragmentation
that exists between the various national R&D programmes,
particularly by defining common research programmes and
developing common computer tools and methodologies for
safety assessment. SARNET includes most of the main
actors involved in severe accident research in Europe today.
A small number of these organisations are able to cover a
wide range of competences in this research area —although
none of them possess a complete portfolio of activities. The
majority of organisations specialise in very specific areas,
which allows for the development of complementary
activities. In this way, the critical mass of competence for
performing the experiments needed in the SA field,
analysing them, developing models and integrating them
into ASTEC (the integral computer code developed in
previous Euratom Framework Programmes and used to
predict the behaviour of nuclear power plants during a
hypothetical severe accident) can be achieved for most
types of nuclear power plant operating in Europe.

Joint activities, information and person-
nel exchange

To reach these objectives, all the organisations within SARNET
contribute to a joint programme of activities (JPA) that has
several programme elements including implementing an
advanced communication tool for facilitating exchange of

Schematic view of ASTEC integral code
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information; harmonising and reorienting national research
programmes, and defining new ones; and jointly analysing
the experimental results to reach a common understanding
of relevant phenomena. The JPA will also contribute to the
development of the ASTEC code, by integrating models
describing the new knowledge produced within SARNET;
develop the scientific databases in which all the results of all
the research programmes are stored; develop a common
methodology for probabilistic safety assessment (PSA) for
NNPs; and develop educational courses and relevant
textbooks. The network will also promote exchange of
research personnel between the various European
organisations.

To ensure the continued interest of the different
organisations and to protect intellectual property rights, a
clear policy in terms of knowledge management, in
particular regarding access rights, has been defined.
Reports on ‘protected’ data will only be distributed to
members who, through the activity they offer, significantly
increase the value of the data (by production of analyses,
model development and assessment). In any case, the
outcome of these programmes will be models implemented
in ASTEC and safety assessment methodologies, which will
be available for all SARNET members and other European
organisations that would like to use them for safety
assessment or development of improved NPP designs.

Sustainable integration of research,
harmonised approach
SARNET provides an appropriate framework to achieve the

sustainable integration of European research capacities on
severe accident phenomena within a few years. By



concentrating all the acquired knowledge in ASTEC and
in scientific databases, SARNET will produce the correct
conditions for preserving the current ‘state-of-the-art’
knowledge produced by thousands of men-years of effort,
and will ensure it is available to a large number of end-
users. By fostering collaborative work on developing and
validating ASTEC, SARNET will establish this code as the
European reference for any kind of water-cooled NPP
existing in Europe. In addition, by fostering collaborative
work on code development and PSA, SARNET will create
the right environment for harmonising the approach to this
subject and will establish Europe as a leader in SA
computer code and risk assessment methodology.
Through a periodic review of priorities and co-
programming of work amongst organisations, SARNET will
enable the efficient use of available resources. To address
long-term resource issues, an education and training
programme directed at young scientists is being
developed with the aim of consolidating European
excellence in this field in the long term.

Improved safety, scientific leadership

As the end products developed by SARNET (ASTEC, PSA
guides, scientific databases) can be used for both R&D
activities and industrial applications, the majority of the
European nuclear industry and relevant national safety
authorities (or their technical support organisations) are
contributing to the network. This, in turn, means that the
network’s end products which consolidate the vast amount
of knowledge acquired in this area will contribute directly
to the better prevention and mitigation of severe accidents
in European nuclear power plants, including those of
Russian design in the Newly Associated States, and
therefore to the improvement of safety of all existing and
future European NPPs.

European end-users are currently using integral computer
codes and PSA methodologies developed in the United
States, which infers a strong dependence on the US
technology. By fostering collaborative work in these areas,
SARNET is creating the necessary conditions for Europe to
become a world leader in the relevant research fields.

SARNET will become a central reference, in terms of research
priorities in the field of SA, making impacts on national
programmes and fund allocations. Over time, all the research
activities in this field will become strongly coordinated by the
network to ensure optimal use of European resources.

Through education and training programmes, SARNET will
develop synergies with educational institutions and thus
help to keep this area of research vibrant and of interest to
students and young researchers. This will help to enhance
and preserve a sustainable route for European scientific
leadership in this area.
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In nuclear power reactors, materials

may undergo degradation due to

severe irradiation conditions that

limit their operation life. Continuous progress in
the physical understanding of the phenomena
involved and in computer sciences has made pos-
sible the development of multi-scale numerical
tools able to simulate the effects of irradiation on
mechanical and corrosion properties of materials.
PERFECT aims at developing such predictive tools

for reactor pressure vessels and internal structures.

“Virtual Reactors” to simulate irradiated
material behaviours

The main objective of PERFECT is to build two ‘Virtual
Reactors’ simulating the effect of irradiation respectively
on reactor pressure vessels and on internal structures.
Specific modules - dealing with mechanical and
corrosion phenomena induced by irradiation — will
complement each of these Virtual Reactors. The resulting
four numerical tools will be integrated in a Software
Integration Platform under Quality Assurance. The
extended nuclear community (nuclear organisations,
manufacturers, utilities, regulators, universities,...... ) will
benefit. The need for experimental data will be reduced
being complemented by numericals.

The consortium comprises 12 organisations involved in
nuclear R & D: one manufacturer, one electric utility and
eight nuclear research centres operating hot cell facilities
(incl. three operating test reactors). The cutting-edge skills
required by the project in physics, irradiation effects,
numerical simulation and advanced techniques of material
characterization are brought by 16 universities and research
centres.

Developing numerical tools on a software
integration platform for the nuclear stakeholders

The RTD activities required to build the four simulation tools
—and integrate them in the platform —are structured in four
Sub-Projects: (i) Integration Platform, (ii) Physics Modelling,
(iii) Mechanics Modelling for pressure vessels nd (iv)
Mechanics and Corrosion Modelling for internal structures.
A fifth subproject aims at establishing a User Group where

Macro

Multi-scale modelling: from individual atoms to the component
behaviour
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representatives of future users (manufacturers, utilities,
regulators, research organisations...) receive the information
and training required to get their own appraisal on limits and
potentialities of the developed tools.

Together with this User Group, the consortium will perform
the following tasks on education, knowledge sharing and
exploitation of the findings:

e ensure the diffusion of the numerical tools among the
European nuclear industry;

¢ use them to perform a first European collective exercise
of component analysis in which material behaviour
assessment will be done by numerical simulation;

e apply the proposed simulation tools to complement
previous or current international projects;

e educate young researchers on the mechanisms of
degradation of materials.

Assuring predictive capability
The main project’s deliverables will be:

e the two Virtual Reactors and their additional modules - all
integrated in the Software Integration Platform — with a
detailed analysis of their potentialities, limits and
uncertainties. Description and results of the experimental
validation programs will be also available;

e documents gathering the knowledge required to use and
improve the tools developed in the project, as well as
the demonstration of the consistency of their validity
domain;

e the results of the component analysis exercise aimed at
reducing uncertainties and identifying margins. These
results will outline the operational capability of the

proposed tools.



European leadership in multi-scale modelling
boosted

Perfect is the largest co-ordinated effort ever funded on
multi-scale simulation. It is a unique occasion for the
European Nuclear Industry to keep and extend its global
advance and leadership in multi-scale modelling of
irradiation effects. The tools developed in the project can
help this industry to face its competitors on the global
market of new reactors, services and maintenance
operations.

Nuclear competitiveness and safety: In a timely and cost-
effective way, the simulation tools developed in PERFECT
will reduce the need for dedicated irradiation campaigns
and address most of the irradiated material-related issues:
(i) help design experimental programs; (ii) explore
conditions outside existing experimental databases; (iii)
evaluate the individual or combined influence of material
and service conditions that may exceed the capacity of any
experimental program; (iv) help the understanding of the
phenomena leading to degradations; (v) optimise the design
and interpretation of irradiation surveillance programs;
verify the consistency of existing databases; (vi) predict
long-term projections for Nuclear Power Plant life
management.

It is foreseen that these benefits could extend, in time, from
fission reactors to fusion reactors.

Training: learning about irradiation damage requires a
strong involvement of students. Indeed, it is almost
impossible for them to carry out experiments aimed at
assessing systematically the cross-influence of parameters.
The simulation tools developed in PERFECT will allow
students to perform virtual irradiations and analyse the
resulting evolution of mechanical properties and
microstructure.

Spin-offs in the European Industry: Outside the nuclear
industry, the results will have spin-offs in all fields where
simulation of materials is required (definition of new
materials, optimisation of operating conditions...).
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Safety in the nuclear industry is para-

mount at all stages during operational

activities and continuing through to
decommissioning. There are currently over 400
nuclear power plants operating around the world,
all of which will require decommissioning in a safe
and efficient manner. The primary aim of the EUN-
DETRAF (ll) project is to pool knowledge and
expertise in the field of nuclear decommissioning
from acknowledged European experts and then dis-
seminate it to the wider nuclear industry to improve

safety standards and European competitiveness.

Consolidating decommissioning
experience

The EUNDETRAF Il project is a follow-up to the initial
EUNDETRAF project organised under FP5. Its primary
objective is to bring together the vast existing skill base in
Europe on decommissioning nuclear facilities and to
consolidate this experience for easy assimilation and transfer
to future generations who will need to use it. To maintain
high safety standards and protect public health, a sufficient
number of qualified and skilled people will be required
continuously by industries, regulators and agencies
working in the nuclear sector.

An additional objective of the project is the dissemination
of existing theoretical and practical know-how to personnel
from third countries. A further aim is to bring together the
principal decommissioning organisations in Europe to
exchange information and experiences for mutual benefit,
as well as to enhance the skill base and strengthen European
competitivity in the world. The EUNDETRAF courses will
target personnel who are involved in, or likely to be involved
in, future decommissioning activities as project managers,
project engineers, health physicists, technical consultants
and other roles including administrators, regulators and
anyone who would like to know more about
decommissioning activities and associated processes.

EUNDETRAF represents a consortium of the 11 main
European organisations representing educational
establishments, nuclear industry operators, R&D
organisations and regulatory bodies.

Participants at the first course
(Courtesy: SCK-CEN)

Creating training courses, transferring
know-how

The whole project is split into a number of different aspects
to ensure maximum value in the final training courses. A
promotional leaflet is one of the main means of promoting
the courses and describes course content, gives contacts
for further information, and includes a registration form.
Attendees at the course receive a professionally produced
textbook —this and other course material needs to be written
and produced within the project. Two courses are envisaged
and the content will be reviewed between them to ensure
that they reflect new developments and best practice as they
happen. The content will also be adapted following peer
review, including feedback from attendees. To improve its
quality, the course will undergo a peer review by experts from
CEA/INSTN, a department of the CEA which has a lot of
experience in organising courses.

Each training course will comprise a one-week theoretical
and one-week practical component. The theoretical part is
aimed at a broader audience with a maximum number of
participants limited to around 50. It will consist primarily of
classroom presentations by recognised experts covering all
aspects of decommissioning. In addition, there will be group
discussions and participation in desktop exercises on
decommissioning problems. Each participant will receive a
textbook covering all the lecture materials as well as
handouts of power point presentations at the beginning of
the course. The practical component will include visits to
decommissioning sites and inspection of decommissioning
activities. This part of the course will be available to a smaller



number of participants, probably a maximum of eight, and
places will be allocated on "first come, first served" basis.
The first course was organised by the French partner at the
end of 2004 at Saclay near Paris. The second course will
be organised by the Italian partner SOGIN in May 2006.
Further courses, using the content developed under
EUNDETRAF, may be organised in other European
countries as self-supporting events to further disseminate
the existing knowledge.

Best practice shared, new generation
trained

The main result will be the successful organisation of two
two-week training courses where up to +/- 60 delegates
from across Europe and beyond will receive the best
possible education on decommissioning theory and/or
practise.

Increased health and safety,
employment opportunities

EUNDETRAF 1l will contribute to improvement in
employment opportunities in two ways. It will retrain
people from nuclear (and conventional) power plants
which have ceased operation into new specialisations
required for decommissioning operations. In addition, the
EUNDETRAF programme can train or at least give
exposure to new entrants in the nuclear industry in the
latest decommissioning techniques and procedures so
that they can be employed in the decommissioning
industry.

By training the participants in the methods of using the
latest techniques and practices of decommissioning within
the accepted framework of the ALARA (As Low As
Reasonably Achievable) principle, the EUNDETRAF I
participants become aware and knowledgeable in the
implementation of decommissioning projects in a safe and
environmentally clean way. This will have a positive impact
on the health of both the decommissioning workforce
themselves and also on the public. This will also ensure a
minimal impact of decommissioning activities on the
environment.
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The texts in this glossary are reproduced with the
courtesy of the International Atomic Energy
Agency (IAEA - http://www.iaea.org/index.html)

1 Ageing

General process in which characteristics of a
structure, system or component gradually change
with time or use.

Although the term ageing is defined in a neutral
sense —the changes involved in ageing may have
no effect on protection or safety, or could even
have a beneficial effect — it is most commonly
used with a connotation of changes that are (or
could be) detrimental to protection or safety, i.e.
as a synonym of ageing degradation.

Non-physical ageing

The process of becoming out-of-date (i.e.
obsolete) owing to the evolution of knowledge and
technology and the associated changes in codes
and standards.

e Fxamples of non-physical ageing include un-
availability of qualified spare parts for old
equipment, incompatibility between old and
new equipment, and outdated procedures or
documentation (e.g. which do not comply
with current regulations).

e Strictly, this is not always ageing as defined
above, because it is sometimes not due to
changes in the structure, system or component
itself. Nevertheless, the effects on protection
and safety, and the solutions that need to be
adopted, are often very similar to those for
physical ageing; the management of non-
physical ageing is therefore often addressed
within the same programme as that for the
management of physical ageing.

e The term technological obsolescence is also
used.

Physical ageing
Ageing of structures, systems and components due
to physical, chemical and/ or biological processes.

e Examples of physical ageing include wear,
heat or radiation damage, and corrosion.

e The term material ageing is also used.

Iosary e

Accident management

The taking of a set of actions during the evolution
of a beyond design basis accident

e to prevent the escalation of the event into a
severe accident;

e to mitigate the consequences of a severe
accident; and

¢ t0 achieve a long term safe stable state.

Decommissioning

1. Administrative and technical actions taken to
allow the removal of some or all of the regulatory
controls from a facility (except for a repository
which is closed and not decommissioned).

¢ The use of the term decommissioning implies
that no further use of the facility (or part thereof)
for its existing purpose is foreseen.

e The actions will need to be such as to ensure
the long term protection of the public and the
environment, and typically include reducing
the levels of residual radionuclides in the
materials and the site of the facility so that the
materials can be safely recycled, reused or
disposed of as exempt waste or as radioactive
waste, and the site can be released for
unrestricted use or otherwise reused. Decom-
missioning typically includes dismantling
the facility (or part thereof), but in the
Agency’s usage this need not be the case.
It could, for example, be decommissioned
without dismantling and the existing
structures subsequently put to another use
(after decontamination).

e For a repository, the corresponding term is
closure.

2. All steps leading to the release of a nuclear

facility, other than a disposal facility, from regu-
latory control. These steps include the processes
of decontamination and dismantling.




Disposal

1. Emplacement of waste in an appropriate
facility without the intention of retrieval.

e Some countries use the term disposal to include
discharges of effluents to the environment. ! In
many cases, the only element of this definition
that is important is the distinction between
disposal (with no intent to retrieve) and storage
(with intent to retrieve). In such cases, a
definition is not necessary; the distinction can
be made in the form of a footnote at the first
use of the term disposal or storage (e.g. “The
use of the term disposal indicates that there
is no intention to retrieve the waste. If retrieval
of the waste at any time in the future is
intended, the term storage is used.”).

In some States, the term disposal is used
administratively in such a way as to include,
for example, incineration of waste or the
transfer of waste between operators. In
Agency publications, disposal should only be
used in accordance with the more restrictive
definition given above. ! The term disposal
implies that retrieval is not intended; it does
not mean that retrieval is not possible.

e Contrasted with storage.
Direct disposal: Disposal of spent fuel as waste.

Geological disposal: Disposal in a geological
repository.

Near surface disposal: Disposal, with or without
engineered barriers, in a near surface
repository.

Sub-seabed disposal: Disposal in a geological
repository in the rock underlying the ocean
floor.

. The emplacement of spent fuel or radioactive
waste in an appropriate facility without the
intention of retrieval.

. The act or process of getting rid of waste,
without the intention of retrieval.

The terms deep sea disposal and seabed
disposal do not strictly satisfy definition (1) or
(2), but are consistent with the everyday
meaning of disposal and are used as such.

Deep sea disposal: Disposal of waste packaged
in containers on the deep ocean floor.

Dose

1. Ameasure of the energy deposited by radiation
in a target.

For definitions of the most important such
measures, see dose quantities and dose
concepts.

2. Absorbed dose, committed equivalent dose,
committed effective dose, effective dose,
equivalent dose or organ dose, as indicated by
the context.

Committed dose

Committed equivalent dose or committed
effective dose.

Engineered barrier system

The designed, or engineered, components of a
repository, including waste packages and other
engineered barriers.

Exposure

1. The act or condition of being subject to
irradiation.

External exposure: Exposure due to a source
outside the body.

Contrasted with internal exposure.

Internal exposure: Exposure due to a source
within the body.

Contrasted with external exposure.

Natural exposure: Exposure due to natural
sources.

Natural exposure is often excluded exposure,
but in some cases may be occupational
exposure or public exposure.

2. The sum of the electrical charges of all of the ions
of one sign produced in air by X rays or gamma
radiation when all electrons liberated by photons
in a suitably small element of volume of air are
completely stopped in air, divided by the mass
of the air in the volume element.

Unit: C/kg (in the past, the roentgen (R) was
used).



Fission product

A radionuclide produced by nuclear fission.

Used in contexts where the radiation emitted by
the radionuclide is the potential hazard.

Geological repository

A facility for disposal of radioactive waste located
underground (usually several hundred metres or
more below the surface) in a geological formation
to provide long term isolation of radionuclides
from the biosphere.

High-level waste (HLW)

The radioactive liquid containing most of the
fission products and actinides present in spent
fuel — which forms the residue from the first
solvent extraction cycle in reprocessing — and
some of the associated waste streams; this
material following solidification; spent fuel (if it is
declared a waste); or any other waste with similar
radiological characteristics.

Typical characteristics of high level waste are
thermal power above about 2 kW/m3 and long
lived radionuclide concentrations exceeding
limitations for short lived waste.

lonising radiation — including,

-, , A, etc.
For the purposes of radiation protection,

radiation capable of producing ion pairs in bio-
logical material(s).

lonising radiation can be divided into low LET
radiation and high LET radiation (as a guide to its
relative biological effectiveness), or into strongly
penetrating radiation and weakly penetrating
radiation (as an indication of its ability to penetrate
shielding or the human body).

Minimisation, waste

The process of reducing the amount and activity
of radioactive waste to a level as low as
reasonably achievable, at all stages from the
design of a facility or activity to decommis-
sioning, by reducing waste generation and by
means such as recycling and reuse, and
treatment, with due consideration for secondary
as well as primary waste.

Nuclear fuel cycle

All operations associated with the production of
nuclear energy, including:

e mining and milling, processing and enrich-
ment of uranium or thorium;
e manufacture of nuclear fuel;

e operation of nuclear reactors (including re-
search reactors);

e eprocessing of nuclear fuel;

e any related
activities;

e all related waste management activities
(including decommissioning).

research and development

Nuclear safety

The achievement of proper operating conditions,
prevention of accidents or mitigation of accident
consequences, resulting in protection of workers,
the public and the environment from undue ra-
diation hazards.

Partitioning

Separation, usually by chemical methods, of
minor actinides from the reprocessing stream, for
the purpose of appropriate further processing,
storage and/or disposal.

Performance assessment

An assessment of the performance of a system
or subsystem and its implications for protection
and safety at a planned or an authorized facility.
This differs from safety assessment in that it can
be applied to parts of a facility, and does not
necessarily require assessment of radiological
impacts.




Radiation protection

The protection of people from the effects of
' exposure to ionising radiation, and the means for

1 achieving this. ICRP and others use the term ra-

diological protection, which is synonymous.

The accepted understanding of the term radiation
protection is restricted to protection of humans.
Suggestions to extend the definition to include the
protection of non-human species or the environ-
ment are controversial.

Radioactivity

The phenomenon whereby atoms undergo spon-
taneous random disintegration, usually accom-
panied by the emission of radiation.

A nucleus (of an atom) that possesses properties
of spontaneous disintegration (radioactivity).
Nuclei are distinguished by their mass and atomic
number.

Repository

A nuclear facility where waste is emplaced for
disposal.

e geological repository: A facility for radioactive
waste disposal located underground (usually
several hundred metres or more below the
surface) in a stable geological formation to
provide long term isolation of radionuclides
from the biosphere.

e near surface repository: A facility for
radioactive waste disposal located at or within
a few tens of metres of the Earth’s surface.

Reprocessing

A process or operation, the purpose of which is
to extract radioactive isotopes from spent fuel for
further use.

Severe accident

Accident conditions more severe than a design
basis accident and involving significant core
degradation.

Spent nuclear fuel

1. Nuclear fuel removed from a reactor following
irradiation, which is no longer usable in its
present form because of depletion of fissile
material, buildup of poison or radiation damage.

2. Nuclear fuel that has been irradiated in and
permanently removed from a reactor core.

The adjective ‘spent’ suggests that spent fuel
cannot be used as fuel in its present form (as, for
example, in spent source). In practice, however (as
in (2) above), spent fuel is commonly used to refer
to fuel which has been used as fuel but will no
longer be used, whether or not it could be (which
might more accurately be termed ‘disused fuel’).

Storage

The holding of spent fuel or of radioactive waste
in a facility that provides for its containment, with
the intention of retrieval.

Transmutation

The conversion of one element into another.
Transmutation is under study as a means of
converting longer lived radionuclides into shorter
lived or stable radionuclides. The term actinide
burning is used in some countries.

Underground Research Laboratory

Tests conducted within a geological environment
that is essentially equivalent to the environment of
a potential repository. A special underground labo-
ratory, called an underground research laboratory
(URL), may be built for in situ testing or tests may
be carried out in an actual repository excavation.
Only in such a facility can the full range of repository
environment properties and waste repository
system interactions be measured.

Vitrified waste

The vitreous product that results from
incorporating waste into a glass matrix.

Waste, radioactive

For legal and regulatory purposes, waste that
contains or is contaminated with, radionuclides at
concentrations or activities greater than clearance
levels as established by the regulatory body.
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