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ABSTRACT

The research activities in the field of Nuclear Fission Safety sponsored by the European
Commission (EC) are carried out through multiannual Euratom Framework Programmes
(FP). The reactor safety research of the 1994-1998 Framework Programmes (FP-4) was
structured around a limited number of significant projects grouped into “clusters”. Although
the Reactor Safety related activities of FP-4 basically continued the research on severe
accident phenomenology of FP-3 (1990-1994), two new areas of work were introduced, one
on “exploring innovative approaches for conceptual Reactor Safety Features” and another on
“Accident Management Measurements”. The common objective of both of them was
cssentially to develop safety systems and measures to respond to the challenge of beyond
design-basis events, which could render practicaily unnecessary extensive evacuation
precautions. Most of these projects are already completed and their results have contributed to
demonstrate the feasibility of a number of passive safety features and to identify future R&D
needs. They have also provided a very valuable and strategic feedback to establish priorities
and define areas of work for Euratom FP-5 (1998-2002), in particular for those related to
“operational safety of existing installations” and “safety and efficiency of future Systems”

1. INTRODUCTION

Nowadays, in many countries of the European Union (EU), the ultimate goal of nuclear
reactor safety is to render “practically” unnecessary extensive evacuation precautions for
populations in the site vicinity, This means essentially developing safety systems and
measures to respond to the challenge of hypothetical severe accidents. This requirement
might become applicable to both the existing and the next generation of commercial reactors.

During the last ten years the main actors of the nuclear fission energy sector, namely the
research organisations, the vendors, the regulatory authorities and the electrical utilities have
devoted considerable resources to this objective. The new safety concepts studied span the
technological range from “evolutionary” through more radical, “innovative” approaches, and
are a natural outcome of the Research and Development (R&D) activities of some of the EU
next generation reactors {e.g. EPR, SWR-1000). As far as safety measures is concerned,
current research focuses on issues related to accident management such as: methods and tools
for dealing with uncertainties regarding phenomena, possible adverse effects of operator
actions, improved instrument survival and reduced error, equipment performance and
minimisation of human error under stress.

These aspects have been considered in the current EURATOM R&D Framework
Programme 1994-1998 on Nuclear Fission Safety and will be given even a higher profile in
the next Programme (1998-2002).
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2. THE 1994-1998 EURATOM R&D PROGRAMME ON NUCLEAR FISSION
SAFETY

The European Union (EU), via a Council Decision of April 26th 1994, adopted the
EURATOM Programme for Community activities in the field of Nuclear Fission Safety
(NFS) for the period 1994 to 1998. This programme consists of five main activity areas :
Area A. Exploring Innovative Approaches

Area B. Reactor Safety (essentially severe accident analysis})

Area C. Radioactive Waste Management, Disposal and Decommissioning

Area D, Radiological Impact on Man and the Environment

Area E. Mastering Events of the Past.

This Programme is being implemented either via “direct actions” executed by the Joint
Research Centre (JRC) of the European Commission (EC), or via “indirect actions” co-
ordinated by Directorate General XII of the EC. The latter are structured around a limited
number of significant projects which are essentially carried out through "shared cost"
actions, for which the EC contribution is up to 50% of the total project costs. A small part of
the programme, though, is carried out through "concerted actions whose objectives are the
exchange of information on some critical R&D issues, or the development of a consensus on
specific problems of comimon interest.

The research activities of Areas A.l (“Exploring Innovative Approaches / Conceptual
Reactor Safety Features™ and B ("Reactor Safety") of this programme are structured into 7
clustets, each containing several multipariner projects as shown in Table 1:

TABLE 1
NFS Area | Closter Ficld of Research Number of
Acronym Projects
Al INNO Exploring Innovative Approaches/Conceptual 11
Reactor Safety Features
B.1 INV In-vessel core degradation and coolability 9
B.2 EXV Ex-vessel Corium behaviour and coolability 5
B3 ST Source Term 12
B4 CONT Containment Performance and Energetic 10
Containment Threats
B.5.1 AMM Accident Management Measures 9
BS5.2 AGE Ageing of structures 11
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3. RESEARCH ON PASSIVE SAFETY SYSTEMS FOR ADVANCED REACTORS

The “INNO™ cluster [1] is composed of eleven projects (7 “shared-cost” and 4 “coneerted”
actions) in which 25 different organisations from 7 EU member states and Switzerland are
involved. At present, all the “shared-cost” projects have already been completed and the
results are available. These projects include both experimental and analytical activities
directed mainly to study the phenomena associated with the use of passive systems for decay
heat removal (both from the core region and the containment building) and for safety
measures (e.g. depressurisation, injection), as well as to demonstrate their feasibility for
different types of advanced Light Water Reactor (LWR) designs. Table 2 gives some
informations (e.g., acronym, co-ordinator, pariners involved, facilities, codes) about the
“INNO?” cluster shared-cost actions.

TABLE 2
“INNO” CLUSTER PROJECTS: SUMMARY INFORMATION
Acronym Co-ordinator Partners Facilities Numerical Codes
SYNTHESIS | ENEL SIEMENS, CISE CISE(IT), SIET |RELAP5
(Milan, IT) ITy
APSI VTT-Energy AEA Tech,, PACTEL (FI} CATHARE,
{Espoo, FI) Univ. Pisa, APROS, RELAPS
Univ. Lappeenranta
IPSS FZJ NRG, GRS, NUCON, NOKO (DE), AFROS, ATHLET,
(Jiitich, DE) SIET, PSI, VTT PANDA (CH), [MELCOR, TRAC,
Dodewaard PHOENICS,
Reactor (NL) RELAPS5, RALOC
TEPSS NRG NUCON, CIEMAT, PSI, [PANDA (CH) GOTHIC,
(Petten, NL) Univ. Valencia and LINX (CH} MELCOCR,
Univ. Catalonya AIDA (CH) RELAPS, TRAC,
INCON ENEL ANSALDG, CIRTEN, CISE (iT), GOTHIC, LEGO,
(Milan, IT) Empresarios Agrupados, |LINX (CH) RELAPS
EdF
CONGA SIEMENS ENEL, CIEMAT, CISE (IT) SPARC,
(Offenbach, DEY [JRC-Ispra, PSI DRAGON (CHY [CONTAIN
STORM (CH)
PECA( ES)
POOLTHY |CEA-DRN FZK, University EPICE (FR) CATHARE, CFX
(Grenoble, FR}  [Manchester, SUCOT (DE)
University “La Sapienza” |NUCON (UK),
QUSCOCS (IT)

The experiments have been performed in some of the most important European thermal-
hydraulics facilities in Europe covering: (i) large-scale integral (e.g. PANDA, PACTEL), (i)
large-scale separate-effect (e.g. NOKO) and (iii) small-scale separate-effect (e.g. LINX,
EPICE, SUCOT, MUCON, STORM, AIDA, PECA, etc.) tests, The use of different
neutronics and thermal-hydraulic computer codes {ATHLET, CATHARE, TRAC, RELAPS,
etc.) for pre and post-test calculations has been an important part of the work programmes, as
it has enabled to define better the test configuration and parameter range extensions and to
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extrapolate the results of the small scale experiments towards full scale reactor applications.
In particular, the following aspects have been thoroughly assessed:

efficiency of pool immersed heat exchangers operating at low pressure (projects IPSS,
POOLTHY and TEPSS)
efficiency of condensers with various geometrical tube arranpements for different
steam/gas mixtures (projects IPSS, INCON, CONGA, and POOLTHY)
petformance of gravity driven safety injection systems (APSI and TEPSS projects)
performance of single-stage steam injector systems (projects SYNHESIS and IPSS)
deposit of acrosols on the inside and outside surfaces of heat exchanger tubes (projects
TEPSS and CONGA).

The results of these projects have contributed to demonstrate the feasibility of the passive

safety features investigated and to remove uncertainties related to the phenomena typical of
these kind of features. In most of these projects, the results have provided an independent
experimental database (i.e. from those belonging to the reactor vendors) which can be used to
validate thermal-hydraulics computer codes. Following is a summary of the “shared-cost”
actions performed in the frame of the “INNQ” cluster:

1.

The SYNTHESIS project has demonstrated at a sufficiently large scale that a completely
automatic injection system, based on a passive device (i.e. the High Performance Steam
Injector, HPSI) is feasible. The use of HPSI for non-nuclear industrial applications was
well known, but in this project it was demonstrated that it could also be applied to
existing and advanced LWRs. In particular, the results indicate that it could be used in a
primary make-up system for the SWR1000 concept and as an auxiliary feedwater system
of Steam Generators of existing PWRs.

The APSI project has provided new and independent experimental data about the
performance of a gravity-driven Passive Safety Injection System, like the one used for
instance in the APG00 reactor during LOCA aceidents. The experiments have thoroughly
assessed the effects of different factors and have resulted into practical recommendations
to improve the design of the main component of this system (i.e. a core make-up tank).
Three computer codes (RELAPS5, CATHARE, APROS) have been benchmarked against
the test data, showing that certain phenomena are not well modelled (e.g. thermal
stratification and condensation in the core make-up tank).

The experimental programme of the IPSS project has shown that different passive safety
systems for advanced BWRs have responded as expected under the varied range of
conditions simulated. The most important passive decay heat removal systems (from
both the core region and the containment) of two advanced reactors (i.e. SWR-1000 and
ESBWR) have been thoroughly tested and investigated: Isolation Condensers (IC),
Emergency Condensers (EC), Building Condenser (BC), Passive Containment Cooler
(PCC) and Containment Plate condenser (CPC). The experimentai results have helped to
understand the influence of specific parameters (e.g. pool water levels, non-condensable
gases, condenser geometry, conductivity of condenser materials, etc) on the heat transfer
process. The supporting analytical activities have allowed to identify the deficiencies of
some of the lumped parameter and 3D/CFD codes used. The Work Programme of this
project was complemented by the analytical activities performed under the BWRCA
Concerted Action.

The research of the TEPSS project focused mainly on the investigation of the
performance of the Passive Containment Cooling system (PCCS) of the ESBWR
(European version of GE’s simplified BWR). The tests have provided data about the
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PCCS start-up, the long term PCCS and containment performance, and the interaction of
the different systems under design basis accident scenarios. The results have shown the
robust PCCS behaviour and the wide margin in the PCCS heat removal capacity.

5. The results of the INCON project have confirmed the technical feasibility of the design
of the Passive Containment Cooling System (PCCS) of a double containment type (to be
used for instance in the EPP concept). The experimental data collected have been used to
validate and/or to improve a number of thermal-hydraulic correlations used to model the
behaviour of finned-tube heat exchangers in different mixtures of steam and non-
condensable gases (in particular condensation in the outer surface of the tubes). Limited
experimental results are nowadays available on this type of heat exchangers.

6. The main objective of the CONGA project was to investigate the effect of large
hydrogen concentrations and aerosol deposition on heat-exchange surfaces in the
containment atmosphere. This was investigated at the DRAGON and STORM facilities
using two different test mock-ups for both BWRs and PWRs. Most of the tests have been
performed using insoluble solid SnQ, particles to simulate acrosols; however some tests
have also been performed with a mixture of soluble and insoluble aerosols (i.e.
CsOH/Sn0,) in order to reproduce prototypical accident scenario conditions. The
experimental results have been used to define a theoretical correlation for a single tube,
which accounts for the aerosols deposition.

7. The main objective of the POOLTHY project was to provide a bank of experimental
data about difterent phenomena related to the removal of decay heat by means of passive
systems. In fact, the project consisted in different separate effect tests to be performed at
four independent experimental facilities: EPICE, MUCON, QUSCOCS and SUCOT.

There are also three Concerted Actions in the INNO cluster (i.e. SINTER, MICA,
INNOHTR) whose resuits will be of strategic importance for the identification of the R&D
needs and priorities of the 5" Euratom Frame Work Programme, particularly those devoted to
the “Safety and efficiency of future systems”.

A mid-term review of these projects was conducted during the EC symposium “FISA-
977 held in Luxembourg on 17-19 November 1997 [2]. The final results of all these projects
will be presented during the FISA-99 symposium to be held in Luxembourg on 29-30
November and 1 December 1999. The final reports of all the INNO cluster will be grouped
and published as a single EUR document during the first quarier of year 2000.

4. RESEARCH ON ACCIDENT MANAGEMENT MEASURES

The AMM cluster (Area B.5.1 of the 1994-1998 Nuclear Fission Safety Programme) was
supposed to be a “supporting™ group of projects of the other NFS clusters. As originally
defined, the scope of the research activities foreseen in this cluster was the improvement of
diagnostic means with respect to severe accidents, and the assessment and use of accident
proved information technology. These are key activities necessary for the development and
implementation of Severe Accident Management (SAM) related measures for both existing
and future NPPs.

The “AMM? cluster is composed of nine projects in which 43 different organisations from
12 EU member states and Switzerland are involved. The projects of this cluster are being
carried out mainly through “concerted” actions (6 out of 9). Most of the Concerted Actions of
this cluster have as an objective to exchange information and to build up a consensus on
specific issues and problems among all the participant organisations. Although modest in
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nature, the feedback of some of these Concerted Actions has been (and will be) particularly
valuable to establish the R&D priorities of the future Key Action of the Euratom Programme
on “nuclear fission”, particularly those devoted to the “operational safety of existing
installations™.

Probably, the most important “shared-cost™ action of the “AMM?” cluster was the “ASIA”
project [3]. Two important aspects of Severe Accident Management have been addressed in
this project. The first aspect concerns the development of simple algorithms (based on
engineering principles rather than on sophisticated theoretical models) for the purpose of
signal validation and accident identification. The second concerns the development of a
methodology to systematically assess the survival potential, under accident conditions, of
instruments required for the monitoring of critical safety functions {CSFs).

For the development of computational aids for decision making based on physical
models, two specific applications were addressed: (i) validation of measurements for CSF
evaluation and (if) understanding the accident progression. For the first application, the work
was partly based on an extension of the concept developed by Framatome in project N°8
(called “AMS”, Accident Management Support) of the earlier EC Framework Programme
(i.e., “Reinforced Concerted Action on Reactor Safety” 1990-1994) [4]. For the second
application, the work has provided the framework to allow an appreciation and a
demonstration of the different available diagnostic and prognostic tools developed for
accident management. A procedure was established to systematically identify the key
parameters for CSF monitoring and to develop algorithms for selected parameters. This
procedure was applied to three phases of a severe accident: (1) initial core uncovery until fuel
melting, (2) fuel melting until failure of Reactor Pressure Vessel (RPV) lower head, and (3)
RPV lower head failure to severe containment challenge. The initial [ist of scenarios proposed
for the selection of the reference scenario contained accident families of Steam Generator
Tube Ruptures (SGTR), Interfacing System LOCAs, Small Break LOCAs (SBLOCA), Mid-
Loop Operation and Station Black-Out, After studying this list it was decided to eliminate all
scenarios that either were too much plant dependent (e.g. Station Black-Out), or are known
difficult to simulate (e.g. Mid-Loop situations), or were not interesting for the containment
safety function (e.g. SGTR causes containment by-pass), or took too much time before core
uncovery (e.g. ISLOCA). Finally the SBLOCA of 25cm’® in the cold leg of the loop with
postulated containment failure by venting at high pressure of 4.8 bar was selected as the
reference accident sequence.

The second objective of this project was to develop a methodology in order to establish
more accurately the conditions during severe accidents, particularly the change in
environment with time, in order to confirm the parameters and hence the types of
measurement required and to consolidate the existing judgements on instrument survival.
Experimental work was undertaken on the effect of neutronic sensor degradation due to
changing environmental conditions on the delivered signal. The research was based on boron
ion chambers, using Schneider sensor CPNB20, which differs only in diameter from those,
used on power reactors. Fifteen used sensors of various ages and conditions (normal,
degraded, defective) were used. As a result of this investigation, potential ways of improving
instrument survivability and to more accurately determine the instrument status have been
proposed.
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5. FUTURE ACTIVITIES: THE 5" EURATOM FRAMEWORK PROGRAMME,

Research of the 5% Euratom Framework Programme (1998-2002) will focus on issues that
currently hinder the fuller exploitation of nuclear energy (e.g., cost, safety, waste disposal,
public attitudes) and aim to develop practical solutions to the outstanding scientific and
technical problems and public concerns. One of its essential objectives will be to address the
“Operational safety of existing installations”. In particular, Severe Accident Management will
be given a higher profile than in the previous Framework Programme. The objective will be
to develop a common understanding of severe accident phenomena in order to optimise
practical measures for accident management and to guide the design of future reactors.

The progress in numerical techniques as well as the availability of powerful and cost-
effective information technology systems has made of the area of Accident Management
Measures a promising R&D field for the future. The methods and tools investigated up to
now have shown that due to the availability of powerful information processing systems,
advanced methods and systems are feasible for research activities related to signal validation,
process and system state assessment, man-machine interface optimisation, operator advising
and assisting systems for diagnosis, execution of accident management procedures, and
safety-function or situation-related decision-making. However, the peneral opinion is that
considerable progress in the different tasks can still be achieved.

For that reason, one of the main priorities will be to undertake research on “Severe
Accident Management Measures”. This will mainly consist of: (i) development of improved
methods and tools for severe accident management and operator training that make use of
modern information and control systems and can handle uncertainties associated with man-
machine interfaces in a structured way; and (ii) development of safety systems for present and
future reactors which extend the period during a severe accident when no active intervention
is needed.

6. CONCLUSIONS

On-going activities in many countries are directed to further improvement of nuclear safety
by developing safety systems and measures for accident prevention and for mitigation of the
consequences of hypothetical beyond design basis events. The research performed in the EC-
sponsored projects of the INNO cluster of the Euratom 1994-1998 Nuclear Fission Safety
(NF5) Programme has shown the feasibility of a number of new safety concepts, particularly
passive features typical of the next-generation reactors. It has also provided a very valuable
feedback to identify R&D priorities and needs of the 5" Euratom Framework Programme
particularly for the “Safety and efficiency of Future Systems”. Although modest in nature, the
feedback of some of the projects of the “AMM?” cluster of the NF3S Programme has been
particularly interesting to define the R&D priorities of the 5" Euratom Programme (1998-
2002} related to the “Operational safety of existing installations”, and in particular to Severe
Accident Management Measures. The enforced involvement of partners from different EU
member states in these projects has also proved to be very positive to stimulate co-operation
among public and private research organisations, to avoid duplication of efforts and to use the
available resources in the most efficient way.
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