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1 Network summary

In spite of the accomplishments reached in severe accident research, a limited number of specific
items remain where research activities are still necessary to reduce further uncertainties that are
considered of importance for nuclear reactor safety and to consolidate severe accident management
plans.

Facing and anticipating budget reductions, 49 European R&D organizations, including technical
supports of safety authorities, industry, utilities and universities, have decided to join their efforts in
SARNET in a durable way to resolve outstanding severe accident safety issues for enhancing the
safety of existing and future Nuclear Power Plants (NPPs). SARNET will:

- Tackle the fragmentation existing in defining/carrying out research programmes;
- Harmonize and improve Level 2 Probabilistic Safety Analysis (PSA) methodologies;
- Diffuse the knowledge to Associated Candidate Countries more efficiently;

- Bring together top scientists in severe accident research so as to be a world leader in
advanced computer tools for severe accident risk assessment.

The integral severe accident analysis code ASTEC will provide the backbone of the integration.
Actions are proposed to integrate in ASTEC the current knowledge and all the future knowledge
generated within SARNET. In addition, the code will be adapted so as to be used for any water-cooled
reactor applications in Europe. IRSN and GRS will do their best to provide the necessary capacity for
maintenance, training and developments.

The Network management will coordinate the knowledge generation through joint projects of research
activities, monitor its integration in ASTEC, make sure that access rights are correctly implemented,
disseminate appropriate information using electronic communication links, preserve the knowledge in
scientific databases, and identify the missing knowledge. These actions will be decided and controlled
by a Governing Board assisted by appropriate advisory capacities.

Most organisations involved will contribute to the diffusion of the knowledge by contributing to the
education and training programme or by welcoming foreign researchers in their research laboratories.
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2  Objectives of SARNET

The current NPPs existing in Europe are designed with the principles of defence in depth. In
particular, they incorporate a strong containment and engineering systems to protect the public against
radioactivity release for a series of postulated accidents. In some low probability circumstances, some
severe accident sequences may result in core melting and plant damage leading to dispersal of
radioactive material into the environment and thus constituting a health hazard to the public well
beyond the borders of the State where the damaged plant is located.

It is therefore crucial that the best state of knowledge on severe accident phenomenology, qualified
computer tools and appropriate methodology should be used uniformly throughout Europe, in order to
evaluate the corresponding risks and update former evaluations, taking into account notably the
inevitable evolutions in reactor operations (e.g. new type of fuel, higher burn-up, extension of plant
life). Additional appropriate engineering devices and/or accident management measures may have
then to be developed and implemented in order to reduce the risks to an acceptably low level.

Therefore, a number of European R&D organizations, including technical supports of safety
authorities, industry, utilities and universities, have decided to seize the opportunity offered by the
European Commission in the 6" Framework Programme (FWP) to network in SARNET (Severe
Accident Research and management NETwork) their capacities of research in the severe accident area
in a durable way (see MOU appended), in order to resolve outstanding severe accident safety issues
for enhancing the safety of existing and future NPPs. The general objectives of SARNET are to:

- Tackle the fragmentation that exists between the different R&D organizations, notably in
defining research programmes and developing/qualifying computer tools;

- Harmonize the methodologies applied for assessing risk and improve Level 2 PSA tools;

- Diffuse the knowledge to Associated Candidate Countries more efficiently and associate
them to the definition and the conduct of our research programmes more closely;

- Bring together top scientists in severe accident to be a world leader in advanced computer
tools for severe accident risk assessment.

2.1. Needs

Remarkable achievements have been obtained in the field of Water Reactor Severe accident research,
thanks in particular to the numerous European actions undertaken within the 4™ and 5" Framework
Programmes. In spite of the accomplishments reached, a limited number of specific issues remain
where research activities are still necessary in order to reduce further uncertainties that are considered
of importance and to consolidate severe accident management plans: core quenching, iodine
chemistry, ex-vessel melt coolability, timing of base-mat failure are examples of remaining issues
underlined by the Phenomena Identification and Ranking Table (PIRT) action conducted within the
EURSAFE thematic network of the 5™ Framework Programme (contract FIKS CT 2001-20147).

Up to now, research programmes in Severe Accident are usually decided first at national levels,
though co-operation agreements are then often concluded around these national programmes, but on a
case by case basis. Facing the inevitable reduction of the national budgets in this field, it is now
necessary to coordinate better the national efforts to optimise the use of the available expertise and
experimental facilities in order to resolve the remaining issues. This coordination will take benefits of,
and strengthen, the existing complementarities between the different laboratories throughout Europe
(corium/fission product chemistry experts, small scale/large scale testing, simulants/actual materials,
experimenters/model developers/code developers).

Presently, different integral computer tools are used by the industry and the technical support
organizations of the regulators. A large effort is spent in benchmarking each of these codes against
experimental results and amongst themselves. Furthermore, integrating new knowledge requires
multiple development and qualification actions, sometimes depending on non-European teams.
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Focusing all our effort towards a single advanced fully integrated numerical tool that can be widely
used in Europe for assessing accident sequences in any NPPs, but also for preparing and analysing the
experiments designed and performed to improve the level of understanding, would contribute to
optimise the resources and provide an efficient platform for preserving and diffusing the accumulated
knowledge.

Level 2 PSA is a powerful tool to assess the plant vulnerability and the risk of radioactive material
release into the environment resulting from a severe accident. As for integral codes, each organization
is developing its own tool and methodology, in most cases on the basis of existing US technologies.
There is clearly a need to harmonize the methodology and to develop advanced Level 2 PSA tools,
using modern technologies like dynamic event trees, in order to increase the reliability of these studies
and assess related uncertainties.

To be sure that the research conducted on severe accident is efficient and well focused, the PIRT
exercise will have to be regularly updated, evaluating the most recent experimental results and taking
into account the remaining safety issues, as those highlighted by Level 2 PSA studies as being of high
priority for reducing uncertainties. These evaluation activities will be conducted in close relation with
the work performed in existing international organizations, as the OCDE/CSNI and the IAEA.

In addition, in order to diffuse the knowledge in the severe accident area, in particular to the
Associated Candidate Countries, and to preserve the competence for the future, actions have also to be
taken to train researchers and develop a new generation of experts in this field.

2.2. Objectives of SARNET

To satisty these needs, it is proposed to network most of the European organizations around a joint
programme of research activities on severe accident phenomena and management. The ultimate
objective is to form a virtual laboratory based on national resources, know-how and expertise, and
having a strong coordinating structure. This laboratory will have the mission to carry out the
commonly agreed research programmes in an optimised way in order to resolve remaining safety
issues and produce highly validated and qualified tools for Level 2 PSA studies for any kind of NPP in
Europe. It will also receive the mission of contributing to diffuse the knowledge in this field, in
particular to the Associated Candidate Countries, and to train new generations of researchers.

SARNET will be constituted by most of the research capacities and expertise in severe accident from
49 organizations, coming from 11 Member States (Austria, Belgium, Finland, France, Germany,
Greece, Italy, the Netherlands, Spain, Sweden, United Kingdom), from 6 Associated Candidate
Countries (Bulgaria, Czech Republic, Hungary, Romania, Slovakia, Slovenia), from Lithuania and
Switzerland, plus the Joint Research Centre of the European Community.

The backbone of the integration will be provided by the integral computer code ASTEC developed
jointly by IRSN (France) and GRS (Germany), and proposed to the Network by these organisations in
the continuity of the EVITA action of the 5" FWP (FIKS-CT-1999-00010). IRSN and GRS commit,
within their capabilities and financial availabilities, to make their best efforts to provide the necessary
maintenance and developments for satisfying the Network users. In particular, actions will be taken to
integrate in ASTEC the current knowledge and all the future knowledge generated by the research
activities performed within SARNET. Most of the ongoing research activities will have the ultimate
objective to provide ASTEC with appropriate physical modelling. In addition, the tool will be adapted,
through mostly co-operative actions, so as to be used for any reactor applications in Europe.

Furthermore, ASTEC will be a powerful vector to diffuse knowledge, in particular to the Associated

Candidate Countries. E-learning and training sessions will be organized to support broad diffusion of
the code.
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Integration of the experimental research capacities will be necessarily more progressive. The main
obstacle to integration is here the need to raise funding at national and extra-national levels in order to
support the cost of the experimental programmes, notably in case of large ones. Nevertheless, most of
the ongoing national experimental research programmes have been proposed in SARNET in view of
providing the critical mass of competence needed to resolve the remaining issues identified so far by
the ongoing PIRT activities conducted in the EURSAFE action. A clear policy in terms of access
rights to experimental data produced within the network is proposed to preserve the interests of the
different organizations. Progress reports on restricted experimental programmes will be widely
disseminated in the frame of SARNET in order to promote extension of existing collaborations within
other members of the Network.

This will be one the major objectives of the Network to re-orientate progressively the existing national
programmes and contribute to launch new ones in a more coordinated way and in accordance with the
research priorities identified by the Network, eliminating duplications and developing
complementarities.

In parallel, actions will be taken for training students and researchers in experimental techniques, in
risk evaluation and in code development, and for facilitating their mobility into the corresponding
teams.

Advanced communication links and user-friendly databases will be developed to facilitate the
capitalization and the diffusion of knowledge, and the joint execution of the programme of research
activities together with reducing rapidly the number of meetings and amount of travel: e-learning, on-
line assistance to code users, access to experimental databases and thermodynamic databases, work
flow between co-developers, co-development and management of technical documentation, multi-site
videoconference, etc... Actions will be taken to normalize and secure the scientific and technical
information produced by the Network.
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CcO 1 Institut de Radioprotection | IRSN France Month 1 | Month 48
et de Sareté Nucléaire

CR 2 AEA Technology AEAT United Month 1 | Month 48

Kingdom

CR 3 KFKI  Atomic  Energy | AEKI Hungary Month 1 | Month 48
Research Institute

CR 4 ARC Seibersdorf research | ARCS Austria Month I | Month 48
GmbH

CR 5 Association Vincotte | AVN Belgium Month I | Month 48
Nucleaire

CR 6 Budapest  University of | BUTE Hungary Month I | Month 48
Technology and Economics
Institute of Nuclear
Techniques

CR 7 Commissariat a 1'Energie | CEA France Month 1 | Month 48
Atomique

CR 8 Centro Elettrotecnico | CESI Italy Month I | Month 48
Sperimentale Italanio
Giacinto Motta SpA

CR 9 Chalmers tekniska hogskola | CHALMERS Sweden Month I | Month 48

CR 10 Centro de Investigaciones | CIEMAT Spain Month 1 | Month 48
Energeticas Medio
Ambientales y Tecnologicas

CR 11 The Consejo de Seguridad | CSN Spain Month I | Month 48
Nuclear

CR 12 National Centre for | DEMOKRITOS Greece Month 1 | Month 48
Scientific Research
"DEMOKRITOS"

CR 13 Universita' di Pisa UPI Italy Month 1 | Month 48

CR 14 Empresarios Agrupados | EA Spain Month 1 | Month 48
International, S.A.

CR 15 Electricité de France EDF France Month 1 | Month 48

CR 16 Ente per le Nuove | ENEA Italy Month 1 | Month 48
Tecnologie, 1'Energia e
I'Ambiente

CR 17 Fortum Nuclear Services | FORTUM Finland Month 1 | Month 48

Ltd.
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Particip. | Particip. | Participant name Participant short | Country Date Date exit
Role Number name enter project®*
project**

CR 18 Framatome ANP SAS FRA ANP SAS France Month I | Month 48

CR 19 Framatome ANP-Gmbh FRA ANP-Gmbh | Germany Month 1 | Month 48

CR 20 Forschungszentrum Juelich | FZJ Germany Month I | Month 48
GmbH

CR 21 Forschungszentrum FZK Germany Month I | Month 48
Karlsruhe GmbH

CR 22 Forschungszentrum FZR Germany Month I | Month 48
Rossendorf e.V.

CR 23 Gesellschaft fiir Anlagen- | GRS Germany Month I | Month 48
und Reaktorsicherheit mbH

CR 24 University of Stuttgart IUSTT-IKE Germany Month I | Month 48

CR 25 National Autonomous | INR Romania Month 1 | Month 48
Company  for  Nuclear
Activities Nuclear Research
Subsidiary Pitesti

CR 26 Institute for Nuclear | INRNE Bulgaria Month 1 | Month 48
Research  and  Nuclear
Energy

CR 27 Inzinierska Vypoctova | IVS Slovakia Month 1 | Month 48
Spolocnost Trnava Ltd

CR 28 EURATOM JRC ISPRA EEC Month 1 | Month 48
Joint Research Center of
ISPRA

CR 29 EURATOM JRCITU EEC Month 1 | Month 48
Joint Research Center
Trans Uranian Institute

CR 30 EURATOM JRC PETTEN EEC Month 1 | Month 48
Joint Research Center of
Petten

CR 31 Josef Stephan Institute JSI Slovenia Month 1 | Month 48

CR 32 Kungl Tekniska Hogskolan | KTH Sweden Month I | Month 48

CR 33 Lithuanian Energy Institute | LEI Lithuania Month I | Month 48

CR 34 National Nuclear | NNC United Month I | Month 48
Corporation Ltd Kingdom

CR 35 Nuclear Research & | NRG The Month I | Month 48
Consultancy Group v.o.f. Netherlands

CR 36 Paul Scherrer Institut PSI Switzerland | Month 1 | Month 48

CR 37 Ruhr-Universitidt Bochum RUB Germany Month 1 | Month 48

38
CR 39 Swedpower AB SWP Sweden Month 1 | Month 48
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Particip. | Particip. | Participant name Participant short | Country Date Date exit
Role Number name enter project®*
project**

CR 40 Technicatome TA France Month I | Month 48

CR 41 Thermodata THERMODATA | France Month 1 | Month 48

CR 42 Suez-Tractebel SA TE Belgium Month I | Month 48

CR 43 Technical ~ University of | TUS Bulgaria Month I | Month 48
Sofia

CR 44 Université Libre de | ULB Belgium Month I | Month 48
Bruxelles

CR 45 Université  Catholique de | UCL Belgium Month I | Month 48
Louvain

CR 46 Urad Jadroveho Dozoru SR | UJD Slovakia Month 1 | Month 48

CR 47 Ustav Jaderneho Vyzkumu | UJV Czech Month 1 | Month 48
Rez a.s. Republic

CR 48 Universidad Politecnica de | UPM Spain Month I | Month 48
Madrid

CR 49 VEIKI Institute for Electric | VEIKI Hungary Month I | Month 48
Power Research Co.

CR 50 VTT Technical Research | VIT Finland Month 1 | Month 48
Centre of Finland

CR 51 VUJE Trnava, as. - | VUIE Slovakia Month 1 Month 48
Inzinierska, Projektova a
Vyskumna Organizacia

CR 52 Becker Technologies GmbH | BTech Germany Month 1 | Month 48

*CO = Coordinator
CR = Contractor

** Normally insert “month 1 (start of project)” and “month n (end of project)”
These columns are needed for possible later contract revisions caused by joining/leaving participants

WARNING:

- Participants 28, 29 and 30 are a unique contractor legal entity: EEC-JRC
- There is no contractor N°38.
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4 Relevance to the objective of the Euratom Programme

By networking most of the European research organisations around a joint programme of research
activities, SARNET will provide an appropriate frame for achieving within a couple of years a
sustainable integration of the European research capacities on severe accident. Nuclei of co-operations
already exist around some national research programmes. It is one of the missions of SARNET to
promote and extend progressively the co-operations to other members of SARNET, by disseminating
useful information on these programmes to potentially future partners, because they may be mutual
interest for the Network and these partners.

Most of the research activities of the Network will be focused on developing and validating the
existing French-German code ASTEC, so as to make it the European reference for any safety studies.
This integral computer code is already able to calculate most of the full sequences of a LWR severe
accident, taking into account engineered safety systems, such as spray and passive autocatalytic
hydrogen recombiners, and accident management measures. ASTEC will be adapted, so as it can be
used for any kind of water-cooled NPP existing in Europe (PWRs, BWRs, VVERs, CANDU and
RBMK). It is already used extensively in France to perform Level 2 PSAs on PWRs.

Another integration activity of SARNET will consist in harmonizing Level 2 PSA methodology, in
identifying the most important sources of uncertainty and developing advanced numerical tools to
combine deterministic approach (ASTEC calculations) and probabilistic approach (Dynamic Event
Tree). Such advanced techniques are already considered in other sectors of industry, as the aerospace
industry. This activity will provide a forum for exchanging information between experts on the
different approaches used in Europe to assess plant vulnerability, and to identify the most important
remaining sources of uncertainty. The ultimate goal will be to provide a reference methodology for
Level 2 PSAs in Europe.

On the basis of the comparisons between the results of the Level 2 PSAs performed in the different
member organisations and also of the outcomes of the ongoing research activities, the EURSAFE
action will be continued through the SARNET structures. Research priorities will be set-up, which will
indicate the strategic orientations of the research to be performed.

The SARNET research activities will be targeted in order to resolve the most important remaining
uncertainties and safety issues. The programmes will be defined bearing in mind the necessity to
optimise the resources and the use of the available means and to constitute sustainable research
groups. The programmes proposed by the different organisations, in response to the needs identified
first by EURSAFE and then by the Network, will be defined in concert with the experts in the field.
They will then be assessed by high-level scientific experts and proposed to the SARNET Governing
Board (see § 6) for approval. The experimental results of these programmes will be analysed with the
systematic objective of developing physical models to be integrated in ASTEC (with the only
exception of the steam explosion domain) and providing an extended database for validating the
computer codes.

As the main obstacle to integration of most of the experimental programmes is the need to raise
funding at national and extra-national levels, a clear policy in terms of knowledge management,
notably regarding access rights to experimental data produced within the network, is proposed to
preserve the interests of the different organizations. For instance, data reports on “protected”
experimental programmes will only be distributed to members whose are already partners as co-
founders, or to members who, through the activity they offer valorise significantly the data (production
of analyses, model development and assessment). In addition, it is planned to issue progress reports on
these “protected” programmes, so as to provide any member with the opportunity to negotiate with the
owners of these programmes the access to the data and then to participate to the research activities
around them. In any case, the outcome of these programmes will be models to be implemented in
ASTEC or in qualified databases thereby contributing to diffuse the knowledge to the members.
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Knowledge management will be a key activity of the Management Team (see §8). It will have the
mission to:

- Coordinate the knowledge generation through the Joint Programme of Activities (see § 6),
- Monitor the knowledge integration in ASTEC,

- Make sure that the access rights and use rights as stipulated in the Consortium agreement are
correctly implemented,

- Disseminate appropriate information on the knowledge by using electronic communication links
and by organizing conferences/workshops,

- Preserve the knowledge in scientific databases with long-term maintenance capacities,
- Identify the missing knowledge (continuation of EURSAFE action).

Furthermore, at the strategic level, generated knowledge and proposed actions to acquire missing
knowledge will be assessed by high level scientific experts, whereas the Governing Board will decide
with the advice of end-user representatives upon the orientations to be taken regarding missing
knowledge.

All the actors in the nuclear community are participating actively to SARNET. As the end-products
developed by the Network (ASTEC, Level 2 PSA guides and advanced tool, scientific databases) may
be used not only for R&D activities but also for industrial purposes, under conditions that will be
defined in the Consortium agreement, most of the European Industry (EDF, TRACTEBEL,
FRAMATOME ANP, SWEDPOWER, EA, FORTUM, TECHNICATOME) is contributing to
SARNET. In return, the end-products of the Network that will capitalize the large amount of
knowledge acquired in this area, will contribute to the improvement of safety of existing and future
NPPs. In addition, most if not all Technical Support Organisations to the Regulatory Authorities are
also actively participating in SARNET. An Advisory Committee, comprising managers of end-user
organisations, including Vendors, Utilities and Regulatory Bodies from Western and Central Europe,
will provide the Governing Board with advices on strategic orientations of the research activities of
SARNET, with the ultimate goal of a better prevention and mitigation of severe accidents in European
NPPs.

Most the organisations involved will contribute to diffuse the excellence by contributing to the
education and training programme on severe accident or by welcoming foreign researchers in their
research laboratories. The training programme devoted to ASTEC will be reinforced, providing
notably capacities to train by using Web technology. Conferences will be regularly organized (every
18 months for instance), for presenting the progress in knowledge made by SARNET and the future
plans.

Advanced communication tools will be developed and implemented to make easier any collaborative

work within a large number of laboratories and save travel costs. The system will be used to make
easier the access to scientific databases and foster information dissemination.

Page 12/12



Description of work EC-SARNET/FI60-CT-2004-509065

5 Potential Impact

A very large amount of knowledge has already been obtained in the field of Water Reactor Severe
accident research, in particular within the 4" and 5" Framework Programmes (corium behaviour, melt
coolability, hydrogen risks, source term). However, if no action is taken, this knowledge may be used
only partly and furthermore only by a few teams. It may very well disappear if not preserved
appropriately for the next generation. The proposed long term SARNET activity of permanently
capitalizing knowledge in the integral computer tool ASTEC as well as in scientific databases, will
provide the necessary conditions for preserving this knowledge and diffusing it to a large number of
current and future end-users throughout Europe. To achieve successfully this objective, it is necessary
to gather in a federative structure and in a durable way, the available technical and scientific
excellence in severe accident phenomena and management in Europe and have them sharing and
working on the same computer tool.

In addition, so far, European end-users are mostly using integral computer codes developed in the
United States. This results in a strong dependence on the US in code maintenance and development.
Furthermore, Level 2 PSAs are based on US technology, which has been adapted differently from an
organization to the other. SARNET, by fostering collaborative work in these two areas of excellence
within a large number of European organizations, will create the necessary conditions for harmonizing
the approaches and for Europe to become a world leader in severe accident computer code and risk
assessment methodology.

A limited number of specific issues remain where research activities are still necessary in order to
reduce further uncertainties that are considered of importance and to consolidate severe accident
management plans: core quenching, iodine chemistry, ex-vessel melt coolability, timing of base-mat
failure are examples of remaining issues underlined by EURSAFE. Whereas up to now, research
programmes in Severe Accident were usually decided at national levels, it is now necessary to better
coordinate the national efforts to optimise the use of the available expertise and experimental facilities
in view of the reductions in the national budgets in this field.

By providing an appropriate forum of exchange of technical and scientific information between
experts in various fields and by its strong coordination structure involving high management level
representatives, SARNET will contribute to prioritise the research needed, to favour co-programming
amongst organizations, optimise the use of the available research capacities and promote the co-
operation between the different members. This will be done by taking benefits of and strengthening
the existing complementarities between the different laboratories: experimental activities using
simulant materials vs. actual materials; experts in corium behaviour vs. containment behaviour and
fission product chemistry; physical model developers vs. code developers.

Thus, it can be expected that SARNET will modify the landscape of research on severe accident in
Europe in a durable way, even after the end of the Contract with the Commission, as agreed upon by
the organisation representatives (see Memorandum Of Understanding which has been appended to the
proposal sent in April 2003). Indeed, SARNET will become a reference in terms of research priorities
in the field of severe accident having impact on national programmes and fund allocations.
Progressively all the research activities in this field will become strongly coordinated by the Network
and ASTEC will progressively become a federative tool thereby contributing to integrate, preserve and
diffuse knowledge.

In addition to ASTEC, the SARNET research activities will contribute efficiently to keeping
competence and expertise in the area of severe accident management for current European water
reactors, including those of Russian design, and also for future nuclear reactor designs. To reach this
objective SARNET will develop partnerships with ISTC programmes, VVER research programmes
and advanced reactor research programmes related to severe accidents.
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An education and training programme is set up to diffuse the excellence and knowledge in the severe
accident area. It is intended to be an in-depth treatment so that the researchers will be able to a)
understand (b) develop the methodology in the topics further and (c) use analysis tools (e.g. ASTEC)
more effectively. A mobility programme under which students and researchers will be able to go into
different laboratories of SARNET for training will complete this. In addition, a large conference will
be organised every 18 months on the progress made in SARNET. The audience should be international
and of the same level as the large conferences organised by the USNRC in this domain (CSARP,
MCAP). A Web site will advertise the work performed in SARNET and the knowledge acquired,
giving access to information open to the public. This communication plan will have to be approved by
the Governing Board.

SARNET may also develop partnerships with other Networks of Excellence, as NEPTUNO (Integral
Project on Education and Training in Nuclear Science). In the case of NEPTUNO, SARNET will
contribute to some of its activities by providing lectures and support material, and provide some
internships for students.
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6 The SARNET activities

The SARNET activities will consist of:
- the R&D activities carried out by SARNET members in the frame of national or international
programmes, contributing to the resolution of remaining issues identified in the EURSAFE project
(or in its updates);
- and of a complementary programme jointly carried out, called Joint Programme of Activities
(JPA) and aiming at:
o progressively integrating the above national/international research programmes,
o initiating and launching new programmes jointly carried out by sustainable research
groups,
o capitalizing the acquired knowledge in the integral code ASTEC and in data bases,
o diffusing knowledge.

The JPA will constitute the kernel of SARNET. Such activities will give the orientations to be
followed, in terms of research and work distribution between SARNET members. They will build the
necessary links between national programmes, facilitate the necessary transfers of information (inside
and outside the network), and organize the work partition in order to make the most of available
competences and means.

The JPA can be broken down in 4 main activities (see table NoE list of Activities, §9.2):
- Integrating Activities (IA) to strengthen links between organisations;

- Joint Research Activities (JRA) to pilot the research activities addressing remaining
outstanding issues, to elaborate synthesis, and programme proposals;

- Spreading Excellence Activities (SEA);
- Management Activities (MA).

The ASTEC code will be the main integrating component and will be one of the gathering places of
the knowledge. It will contribute to the diffusion of this knowledge efficiently. Activities linked to
ASTEC will thus appear as “Integrating Activities”, whereas some of them contribute also to the range
of “Spreading Excellence Activities”. Concerning “Joint Research Activities”, most of them will have
links with ASTEC, as it is one of their ultimate goals to provide physical models to be integrated in
ASTEC. Furthermore, the exchange of information on the detailed models developed by the various
experts through interpretation of experiments will lead at medium and long term to generic common
models used in the different detailed codes (example of ICARE/CATHARE and ATHLET-CD).
Besides, adequate models will be derived from these detailed models and will be included in the
common reference ASTEC code.

The R&D needs will be periodically updated and the objectives of future experiments will be defined
taking into account the outcome of the collaborative work on risk studies. A consensus could be
reached on closure of some issues and would allow redistributing competence and manpower on open
ones in concert with other international projects (e.g. ISTCs, OECD projects...).

Most of the JPA elements are interlinked: for instance, experimental database activity and ASTEC
physical assessment; or model recommendation formulated in the JRA and model implementation in
ASTEC. This will contribute to tighten the links between the different participants to these activities
(horizontal integration).

The R&D activities surrounding the JPA and connected to it are mainly:

- the GRS-IRSN programme aiming at developing the integral code ASTEC and making it open and
available for all SARNET partners,

- the diverse national research activities (experimental programmes, related interpretation and
modelling activities) that aim at resolving open issues identified as important and of common
interest in EURSAFE conclusions (and their updating),
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- the development of Level 2 PSA methodologies, the results of which will provide inputs for the
definition of research priorities elaborated by SARNET partners.

These key programmes will be called associated programmes in the rest of the document.

The JPA will clearly constitute the active link connecting all these associated programmes and
making, in a sustainable way, the whole system more and more efficient.

Beyond programmes carried out by SARNET contractors, some external programmes will be taken
into account:

- ISTC,
- OECD projects,

- and more generally, programmes of interest carried out by non-SARNET members or non-
European organizations (i.e. specific VVER joint research programmes, ...).

It will be a priority task of the Consortium to define the way to associate or integrate these
programmes and the involved teams, when there are in a position to complement in a sustainable way
the competence and expertise of SARNET in domains of importance.

6.1. Associated programmes

As said previously, the main elements of these associated programmes are:
- ASTEC development by GRS and IRSN,

- Research programmes carried out in organizations which are members of the network,
(experimentation, interpretation and modelling),

- Current Level 2 PSA methodology developments.

They are described below in order to give the boundary conditions of the JPA, main component of the
present contract.

6.1.1 ASTEC

This code, which is jointly developed by IRSN and GRS, describes the complete behaviour of a NPP
under severe accident conditions. It is extensively used by IRSN for Level 2 PSA regarding 900 MWe
Pressurized Reactors. It will behave as the main integrator of knowledge in SARNET and contribute to
diffuse it to all members.

For the first 18 first months of SARNET (April 2004 to September 2005), two ASTEC V1 releases are
foreseen:

- 2004: Release of ASTEC V1.1 to SARNET partners, this version will be characterized by:
o anew MCCI module called MEDICIS,
o several improvements in fission product modules (release, transport, containment).
One year of preliminary assessment and testing is foreseen to consolidate this version and lead
to the version V1.2.

- 2005: Release of ASTEC V1.2, consolidated version, for which a large and detailed
campaign of assessment is to be organized.

Then, the future version V2 will be developed, taking into account inputs provided by different tasks
and Work-Packages of the JPA. The other main characteristics of the V2 version will be:

e The merging of ASTEC with ICARE (IRSN) for core degradation and with other specialized
codes. This merging should allow to make more efficient and less time-consuming the
development and the maintenance of the different computer tools;

e The capability to adequately treat other reactors than PWR (VVER in a first priority).
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6.1.2 Research programmes

Such activities concern experimental programmes, interpretation work and/or modelling activities.
EURSAFE highlighted some remaining important safety issues, which can be broken down into:

- corium issues

- containment issues

- source term issues.
Current and future activities to be carried out by partners with the objective to solve the above-
mentioned issues have been selected for SARNET. More precisely, they consist of:

- performing new experimental work (separate-effect or integral tests) and
preparing/interpreting it with models or codes;

- interpreting already performed experiments with models or codes;

- performing scenario sensitivity studies in reactor conditions with models or codes in order
to target actual conditions in the experiments or to investigate the influence of various
models or model options;

- modelling activities.

Resolution of Corium issues

In vessel phenomena

The issues identified in 5™ FWP EURSAFE project concerning in-vessel phenomena are:
- Water injection (hydrogen generation, core coolability, ex-vessel corium coolability);

- Late-phase in-vessel degradation and loss of Reactor Pressure Vessel (RPV) integrity (molten
pool/debris behaviour in the lower plenum);

- Lower head failure and corium release to cavity;

- Specific remaining issues on early-phase degradation (including B,C effects from control
rods),

- Reactor Cooling System (RCS) integrity including risk of induced breaks in steam generators.
For each one, experimental and interpretation activities have been initiated in the frame of national
programmes. These programmes may be classified into five topics:

- T1: Hydrogen generation during core reflooding;
- T2: Core and debris coolability during reflooding, including ex-vessel debris bed coolability;

- T3: Late phase core degradation and corium behaviour in lower head, including in-vessel melt
retention strategies;

- T4: Vessel failure and release into cavity;
- T5: Early phase degradation and boron carbide effects.

The concerned experimental programmes underway (or planned) by the SARNET organisations and to
be considered as associated to the network are given in the table below:

NAME Topic Leading organisation

COLIMA T3 CEA

DEBRIS T2 IUSTT-IKE

FOREVER T4 KTH

LIVE T3 FZK

MADRAGUE T1, T5 IRSN

PHEBUS FP T3, T5 IRSN

QUENCH T1, T5 FZK

STYX T2 VTT
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The interpretation of experiments is carried out with different models or codes ICARE/CATHARE,
SCDAP/RELAPS, SCDAPSIM, ATHLET-CD, KESS, MELCOR, ASTEC).

Among all needs of R&D identified in EURSAFE, only two in-vessel phenomena are not currently
covered by experimental proposals: “Effect of Lower-head penetrations in case of external cooling”
(very dependent on NPP design) and “Steam generator plenum and tube failure”. They refer to thermal
hydraulics studies and will be examined later on. A proposal to tackle these problems shall be
elaborated in the frame of the JPA.

Ex-vessel phenomena

Likewise, the issues identified in the 5™ FWP EURSAFE and EUROCORE projects concerning ex-
vessel phenomena are:

- T6: MCCI: molten pool configuration and concrete ablation;

- T7: Ex-vessel corium coolability, top flooding;

- T8: Ex-vessel corium catcher: corium ceramics interaction and properties;
- T9: Ex-vessel corium catcher: coolability and water bottom injection.

These items have been selected with the following rationales:

- Improve predictability of axial versus radial ablation up to late phase MCCI to determine
basemat failure time and loss of containment integrity;

- Increase the knowledge of cooling mechanisms by top flooding the corium pool to
demonstrate termination of accident progression and keeping containment integrity;

- Demonstrate the efficiency of specific corium catcher designs by improving the
predictability of the corium interaction with corium catcher materials;

- Demonstrate the efficiency of water bottom injection to cool corium pool and its impact on
containment pressurisation.

They are addressed in the following experimental programmes to be considered as associated to the
network:

NAME Topic Leading organisation
ARTEMIS T6-T8 CEA
COLIMA T6-T8 CEA
COMECO, POMECO T7-T9 KTH
COMET T9 FZK
DECOBI T9 KTH
VULCANO T6-T8 CEA

The interpretation of experiments is carried out with different models or codes (WEX, WECHSL,
MEDICIS, TOLBIAC, TOLBIAC-ICB, MC3D, CROCO-2D, MELCOR, KESS, MEWA).

Thermodynamic and material property research

The objective is to develop reference thermodynamic and thermo-physical property databases for a
consistent analysis of severe accidents.

In the case of thermodynamic properties, a database exists (NUCLEA), which is already used in
computer codes and for severe accident analysis in general. The work in SARNET will mainly be a
continuation of the effort of the ENTHALPY project (5" FWP) to complement and improve this
database.

In the case of thermo-physical properties, no such a database exists at European level for severe
accident analysis. Existing databases cover essentially properties under normal conditions. Works
have been already identified with the scope of filling this gap.
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The work consists in analytical and experimental activities as follows:
- Thermodynamic properties database NUCLEA (continuation and extension of work performed
in ENTHALPY)
e Assessment, validation, merging, editing and maintenance
e Develop approaches for coupling the data base with SA codes (ASTEC)
e Identify the experimental needs for completing the data base

e Select the most appropriate capability(ies) of the Network to provide the missing data.

- Thermo-physical properties database preparatory work

e (ollect information on systems used by partners in order to find the best solution to
normalise corium thermo-physical properties used for severe accident analysis
(continuation and extension of work performed in 5" FWP ECOSTAR project)

e Make syntheses from existing experimental data

e Select the most appropriate capability(ies) of the Network to measure properties of first
importance still lacking data

e Develop a reference database.

- Experimental work
e  Measurement of density of liquid Zr, Fe, U
e Phase diagram of U-O-Zr-Fe systems.

Resolution of containment issues

The issues identified in 5" FWP EURSAFE project concerning containment phenomena are:
- Hydrogen combustion/detonation and containment atmosphere mixing;
- Fuel-coolant interaction;

- Direct containment heating.

The knowledge about the formation of combustible gas mixtures in containments, local gas
composition and potential combustion modes is the basis for hydrogen risk assessment and the
development of mitigation strategies for real plants. The experimental and theoretical ongoing
research concentrates on the reduction of still existing uncertainties, especially concerning:

- Local multidimensional effects of combustion;
- Reaction kinetics inside catalytic recombiners (PAR);

- Hydrogen distribution in the different parts of the containment with the risk of high local
concentrations, taking account of containment geometry (multi-compartment), mass and
energy exchanges coming from phenomena as wall condensation, spray and sump evaporation.

During the first 18" months of SARNET, a significant increase of knowledge in the last domain will
be obtained, taking account of results of the associated experimental programmes TOSQAN (IRSN),
MISTRA (CEA) and ThAI (BTech) experiments. The interpretation of experiments will mainly be
carried out with ASTEC and COCOSYS codes and with CFD codes (TONUS...).

For the estimation of potential consequences in real plants due to fuel-coolant interactions, a deep
understanding and an increased knowledge is required about specific processes like premixing, melt
fragmentation, particle heat transfer mode for code modelling and code validation. The underway
main experimental programmes are: TREPAM (CEA), MICRONIS (CEA), ECO (FZK), DROPS
(FZK), MISTEE (FZK) and KROTOS (CEA). The interpretation of experimental programmes will be
carried out with the codes MC3D, MATTINA, IKEJET/IKEMIX, IDEMO-2D and FRADEMO.

Regarding direct containment heating, experiments performed with different materials (metal and

oxide mixtures) are of importance for real plant applications. The dispersion of melt in the cavity, the
reactor compartments and the containment in a scaled geometry of German and French reactors will
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be undertaken to determine the pressure increase by Direct Containment Heating. The underway main
associated experimental programme is DISCO (FZK). The interpretation of this experimental
programme will be carried out with the codes AFDM, MC3D and ASTEC.

Resolution of source term issues

The issues identified in 5™ FWP EURSAFE project concerning source term are:
- Effect of air ingress;

- Iodine volatility in the Primary Circuit;

- Containment by-pass in case of Steam Generator Tube rupture;

- Iodine behaviour in containment.

In addition, the evolution of current NPP operations, as the evolution of fuel management towards
higher burn-up and the use of MOX fuel, make necessary to assess the possible consequences on
severe accidents. Source term is also an important issue for future NPPs, as most European Safety
authorities require that severe accidents be considered in the design of future power plants.

In the SARNET frame, the following research activities associated with these issues will be carried
out.

Several effects of air ingress will be addressed. The impact of oxidising environment on the fuel and
on fission products release will be studied through different experimental works, consisting in
separate-effect experiments to examine the behaviour of fuel rods and especially the release of
Ruthenium (Ru) species under various oxidizing atmospheres (MADRAGUE, VERCORS, RUSET,
VERDON). On the theoretical side, reactor scenario studies are planned for the definition of test
conditions, separate-effect experiments; interpretation of experimental programmes will be also
conducted. The main objective of this research work is a better evaluation of the consequences on air
ingress on the reactor source term, in particular source term associated with Ru under oxidising
conditions and for various kinds of fuel.

The impact of high temperature behaviour of fission products, especially the iodine one, in the Reactor
Coolant System, will be also investigated in the network. The objective of the work is to improve the
predictability of iodine species exiting the RCS to provide the best estimate of the source into the
containment. It is well known that such behaviour is difficult to predict due to the importance of non-
equilibrium chemistry. Associated Programmes Activities include experimental and theoretical works:
separate-effect experiments to examine the species formed in the gas phase above the core in the RCS
(VERCORS, CHIP), analysis of fission products and aerosols transport and speciation in the integral
test Phébus FPT2, analysis of control rod material release and modelling proposals for ASTEC code.

Aerosol behaviour in the reactor has been also identified as an important unsolved issue. The main
objective, as recommended by the EURSAFE experts, is to quantify the source term and especially in
the case of steam generator tube ruptures which leads to a reactor containment building by-pass. As
for other issues, activities will consist of experimental (ARTIST, PSAEro, HORIZON, RADSOL...)
and theoretical work. Experimental work will consist in separate-effect tests on aerosol trapping on the
steam generator secondary side and in tests on fission product reaction with the substrate and
revaporization with simulants and/or samples from integral experiments. Corresponding interpretation
work, as well as modelling proposals for ASTEC code, will be performed.

Containment chemistry impact on the source term is still an unclosed issue. The main objective of
associated activities carried out in SARNET frame is to improve the predictability of the various
chemical and physical processes which control the iodine behaviour both in the gas phase and water
phase inside the containment. Various phenomena affecting the iodine chemistry in these phases
(adsorption/RI formation/radiolytic destruction/ effect of steam condensation/effects of paints) will be
experimentally investigated in separate-effect tests (EPICUR, SISYPHE...). Related interpretation
will be carried out, as well as interpretation of the Iodine behaviour in the containment of Phébus
FPT2. An lodine Data Manual that will provide recommendations for experiments and for iodine
codes in the context of their use for reactor safety estimates will be prepared. All this work will lead to
modelling proposals for ASTEC code.
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6.1.3 Level 2 PSA

Several methodologies are under parallel development in organisations needing such a tool for safety
analyse. It will be one of the objectives of the JPA to provide a comparison of these different
approaches.

6.2. Joint Programme of Activities (JPA)

Joint Programme Activities can be broken down in 4 series:

e Integrating Activities consisting in:

- the development of “physical” links between contractors in order to make easier and more fluid
the exchange of information,

- the development of common tools or methodology to enhance the capacity of contractors to
enhance their capability to harmonize their research activities (ASTEC, Level 2 PSA);

- the monitoring of end-users need and the joint elaboration of research priorities;

- the monitoring of the integration and the elaboration of proposal to integrate further the
activities carried out in the frame of SARNET.

¢ Joint Research Activities consisting in:

- the elaboration of synthesis, based on the results of the different associated programmes; these
synthesis shall lead to scientific consensus on proposal of models to be implemented in
ASTEC;

- the coordination of R&D tasks carried out in the frame of SARNET, with the objective to make
the best of available competences and means;

- the proposal of revision or initiation of programme with the objective to tackle the important
pending issues.

Spreading Excellence Activities mainly consisting of education and training, and mobility.

e Management Activities mainly consisting of the administrative tasks.

Integrating activities (JPA/IA)

The Integrating Activities comprise:

- Implementation of an Advanced Communication Tool for fostering exchange of
information;

- Delivery of ASTEC code and support to code users, adaptation of ASTEC to users
needs and qualification;

- Harmonization of Level 2 PSA methodology and development of advanced tools;
- Implementation of scientific databases;

- Research priority assessment;

- Monitoring of integration criteria.

Advanced communication Tool

Description

Advanced Communication Tool (ACT) is a key concept to achieve SARNET goals. Indeed, ACT is
the unified support for efficient communication between SARNET partners (at least 28 of them, those
who are involved in ASTEC and other collaborative work; more later on) to achieve the following
needs:

- Access, search, publish documents and access codes (concept of knowledge repository),
- Contact and communicate with partners (interactive and collaborative services),
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- Joint co-ordination of actions and programmes (co-operative management of the
network),

- List links to satellites community projects (R&D projects, related sites).

Re-use or integration of existing similar experiences within community partners should be studied to
design the target tool. Of interest will be available team and project collaboration systems, some of
which have been deployed in the 4™ and 5™ FWP projects (SINTER, MICANET, HTR-TN, JSRI).

Since members are working in a heterogeneous environment, the easiest way to provide a rational, up-
to-date and simple means of communication is a web-centred solution.

Web portals are designed to provide a central access point to all relevant information of a particular
domain and collaboration platform, including:

- A framework for documents (all common document types),
- Cooperative solutions (forums, subscriptions, ...),
- Links to community sites (organisation, projects, ...).

The web portal should also provide access to existing documentation and code that members are
willing to share. This implies that the structure should provide the means to describe data (notion of
metadata) in order to ensure the long-term archiving and the homogeneity of the documents served on
the portal.

A potential solution for the ACT consists of the following modules fulfilling requirements (non
exhaustive nor compulsory list):

- Web portal framework,

- Product Data Management solution to provide knowledge repository for documents
produced in SARNET context,

- Easy access to scientific,

- Links to community’s tools (portals and databases).
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The Web portal framework is the backbone of the community; it provides an integration framework
for services, document repository and SARNET codes (mainly ASTEC). This model is in charge of
authentication and first discrimination for user access.

The Product Lifecycle Management (PLM) solution consists in a strategic business approach that
applies a consistent set of business solutions in support to the collaborative creation, management,
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dissemination, and use of product definition information across the extended organisation from
concept to end of life, integrating people, processes, and information.

It provides the following functionalities:
- Document management;
- Support tools for collaboration;
- Support for system administration;
- Code management and versioning support.

The scientific code integration module consists in providing for SARNET partners a simple and easy
access to ASTEC code. It first implies for code users access to the reference versions (and tools for
delivery and installation), as well as communication between users and the maintenance team (user
requests, maintenance answers...). Training support (user's guide, samples...) will be also available to
ASTEC code neophytes. For partners involved in code development, it will give access to the software
management tool.

SARNET Advanced Communication Tool is providing a welcoming access point linked to the
existing and future partners portals as well as technical databases. Each partner could ask for
integration of links pointing to its own systems and information services whether he considers that it is
useful to the community.

Only a small number of partners will be involved in the development/maintenance of this tool;
nevertheless most of the SARNET partners will be involved in providing feedback and suggestions for
improvement.

Appropriation of the Advanced Communication Tool by the users is a must. Even if tools were well
designed and powerful, needless to say that they would fail in their mission if they do not fit to user's
habits. This implies the implication of the partners since the very beginning of the project.

The methodology will follow the principle of first establishing the fundamental functionality enabling
partners to quickly deploy the web portal, and to continue development of desirable features,
depending on the priority given by the partners. The methodology process features:

- Functional and GUI prototype to support user requirements collection,

- User help,

- News to partners all along the project advancement (website and news-letter),
- Satisfaction enquiry at the end of the project.

Powerfulness but also easy use and economy will be the key objectives of this project. Existing
technologies will be considered and analysed with respect to these objectives.

The development strategy will be based on 3 phases (see below). Nevertheless, the functional needs
will be progressively addressed. The urgent ones (to be developed within the first months of
SARNET) will be the development of a WEB portal giving access to:

- general information on SARNET;

- a data-base for SARNET documents (with access rights control);
- the SARNET experimental data base;

- the ASTEC code repository.

General principle of the ACT development:

Phase 1 : Analysis

Functional Analysis
e Analyse the system requirement
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e Define the functional needs
Technical Analysis
® Check for possible environment constraints
Analysis of existing tools
e Analyse the existing solutions
Definition of the solution
e Define how the existing tools meet user requirements and can be integrated in the solution
e Presentation of the recommended solution to the SARNET community (key concepts,
architecture, features) for decision.

Phase 2 : Development

Prototype development
e Prototype presentations to collect feedback
e Ergonomics
e Lessons learned
Portal module development
e Development of the web portal
e  Unit tests
PLM module development
e Development of the document-oriented part of the system
e  Unit tests
Integration of links
e Links lists

Phase 3 : Deployment
Deployment on a validation platform

e Installation

e Feedback of partners and technical managers platform
Deployment

e Installation of the ACT on the operational platform

e Satisfaction enquiry enable members to give feedback on ACT

Integral Code ASTEC

28 organizations have expressed their willingness to collaborate on the adaptation and qualification of
the Integral Code ASTEC. This code, which is developed by IRSN and GRS, describes the behaviour
of a whole NPP under severe accident conditions. It is extensively used by IRSN for Level 2 PSAs
regarding 900 MWe Pressurized Reactors. It will serve as the main integrator of knowledge in
SARNET and contribute to diffuse it to all members. It is important to note that it will be used in 6
Associated Candidate Countries. The ASTEC project is divided into 3 sub-projects, namely:

- Users support/training, model integration and code adaptation,
- Physical model assessment,
- Reactor application and benchmarking.
IRSN and GRS will endeavour, in the limit of their financial capabilities, to offer the support to the

users that such a large diffusion will imply.

Sub-project 1: Users Support and Training, Integration and Adaptation (USTIA)

The objective of these activities is:

- To distribute the code versions, their updates and their documentation to code users, provide a
support and training for code users and organize information exchange between code
developers and users (Users club).
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- To integrate knowledge issued from SARNET into the code, adapt ASTEC to all types of
water-cooled NPPs operated in Europe.

An IRSN-GRS team will:

- Analyse the requests of ASTEC users and will propose solutions: code adaptation or users
recommendations,

- Make the code updates available for SARNET partners,
- Deliver code versions and documentation.

An ASTEC Web site will be developed and maintained to make easier the exchange of information
and documents between the maintenance team and the SARNET users. It will make use of the ACT
described previously.

All the organizations participating to the ASTEC JPA will participate to the ASTEC users clubs. Users
club meetings will be organized periodically (at least once a year) in order to:

- Exchange information on the code use,

- Examine the code status regarding its development and assessment,
- Examine users requests and discuss their priority,

- Prepare recommendations to be addressed to the Governing Board.

Training sessions will be periodically organized, and an e-learning site (part of ASTEC Web site) will
be opened and maintained. All the organizations involved in the ASTEC JPA may participate to this
activity (host, teach or learn). For the first training session, IRSN and GRS will provide the teachers.
For the next sessions, skilled ASTEC users from other organizations will be encouraged to participate
to the teaching activity.

In parallel, specifications of developments requested by ASTEC users on one hand to model the
different systems for SAM and on the other hand to model other NPP types than PWRs will be
prepared. For the latter, the involved partners (outside of IRSN and GRS) will be:

- For BWR: KTH,
- For VVER: INRNE, TUS, UJV, UJD, ARCS,

- For CANDU INR and for RBMK LEI (in these cases, the specifications of ASTEC extension
will only be initiated, their finalization is foreseen in 2006).

The corresponding developments will be carried out, combined with the integration of model
proposals elaborated in the frame of Joint Research Activities.

Sub-project 2: ASTEC physical model assessment (PHYMA )

This activity will consist of comparisons between ASTEC and experimental data. In a