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Abstract

The Commission of the European communities (CEC) is performing fast
reactor activities in two areas: (1) co-ordination and harmonisation and (2)
research. Co-ordination and harmonisation activities are essentially carried
out in the frame of the Fast Reactor Co-ordinating Committee (FRCC). At
present CEC is examining possible support schemes wnich include a contribution
to R-D and/or a to EFR design effort. In line with the current CEC R-D
activities a possible research support would be in the field of safety.

Round robins on the determination of residual stress in cold worked
materials and on the stress relaxation properties of austenitic stainless
steels were accomplished, studies were performed on high cycle fatigue of
austenitic stainless and on stress rupture properties of 9-12 Cr steels. The
work performed at the Ispra establishment is related to LMFBR safety, while
the activities carried out at Karlsruhe concern essentially fast breeder
fuels. Safety research at Ispra comprises essentially the investigation and
analysis of severe accident phenomena under three main projects: FARO/ EAC and
PAHR in-pile.

The short-term nitride irradiation experiments NILOC 1 and 2 were
analysed in detail and compared with the previous short-term carbide
irradiations CARLO and CARRO which had been performed under partly identical
conditions as NILOC 2. In the context of an industrial project to transmute
long-lived actinides in nuclear waste into short-lived fission products in a
dedicated fast reactor, a study was launched to determine the thermodynamics
and the metallurgical characteristics of alloys of uranium-plutonium-zirconiura
with various amounts of the minor actinides neptunium, americiim, and curium.
First experimental data on the specific heat of refractory metals and UO2 at
and above their melting temperatures were obtained with newly developed
equipment using laser pulse heating and ultra fast multi-wavelength
pyrometry. The results thus obtained will be input data for accident analyses.

1. Introduction

The Commission of the European Communities (CEC) i s performing
fast reactor ac t iv i t i e s in two areas: (1) coordination and
harmonisation and (2) research.

2. Coordination and Harmonisation Activities

These act iv i t ies are essential ly carried out in the frame of the
Fast Reactor Coordinating Committee (FRCC).

Following the lines of i t s mandate which goes back to a Council
decision in 1970 the FRCC continued the exchange of information
on fast reactor programmes and the discussion of specific fast
breeder problems. Safety issues and the elaboration of codes and
standards were treated in special subgroups, i . e . the Safety
Working Group (SWG) and the Working Group on Codes and Standards
(WGCS).

A main point of the FRCC's discussions during the las t year was
the development of the European Fast Reactor (EFR). The strong
determination of a l l partners involved to bring th is project to
success has stimulated the FRCC in November las t year to submit
a resolution to the CEC asking to support the EFR development.

At present CEC is examining possible support schemes which
include a contribution to R+D and/or a to EFR design effort . In
line with the current CEC R+D ac t iv i t ies a possible research
support would be in the field of safety. The fast breeder
ac t iv i t ies performed at the CEC Joint Research Centre could be
more directly oriented at the EFR needs, and also a contribution
to research performed in national research centres on a cost
shared basis could be envisaged. The discussions on this matter
are s t i l l at a very early stage and no prevision can be made
about their outcome.

The FRCC also considered fast breeder programmes being carried
out outside the EC, such as the American IFR programme. I t was
concluded that IFR has interest ing features which, however, have
not necessarily the same relevance for European conditions.

In early 1988 the safety c r i t e r i a and guidelines prepared by the
SWG were presented to the FRCC. I t was agreed that in a f i r s t
step they should be distributed to the organisations involved
in EFR development asking for comments. In the meantime comments
were received that are being discussed by the SWG. They will be
taken into account in a revised version of c r i t e r i a and
guidelines.



During the last year the SWG devoted considerable effort to the
preparation of a document on the LMFBR safety case which is based
on the current European fast breeder technology and experience.
The Commission had sponsored this work through a study contract
with the intention to prepare a document in which a rather
complex topic, such as LMFBR safety, is described understandably
to non-technical readers.

Amongst specific topics that were treated by the SWG the
radiological source term and the probabilistic safety assessment
(PSA) can be mentioned. In the source term area studies were
undertaken to assess accident sequences having the potential of
a radioactivity release and to review the approaches made in
source term evaluation. Further, the source term issues for LWR
and FBR were compared to identify points of common interest. The
SWG is at present evaluating the results from these studies with
a view to possible actions.

In the field of PSA the SWG has considered a number of specific
problems such as the treatment of common mode failures and the
reliability assessment of specific components. The SWG will
continue these discussions with the objective to contribute to
the harmonisation of PSA methods.

2.2.1 Manufacturing Standards and In-Service Inspection

The comparison of national standards was pursued, in particular
on the training and certification of NDT controllers. A reference
report on basic comparisons is presently updated.

Work on a computerised data processing system started at the end
of 1988. Under a current study the feasibility of such a system
is investigated. It is planned to perform a demonstration exer-
cise next year.

An extension of previous work on flaw acceptance criteria was
achieved. In this exercise, NDE standards are compared from the
point of view of flaw acceptance criteria by using concepts of
elastic-plastic fracture mechanics.

Several studies concerned various aspects of in-service
inspection. The effects of sodium on ultrasonic inspection of
components is being studied. A round robin exercise with
different techniques to inspect austenitic stainless steel
specimens with artificial defects in the weld was continued.

2.1.1 Whole Core Accident Codes (WAC)

The results of another benchmark calculation with different codes
from the EC member states and the USA for a hypothetical LOF
accident in an irradiated LMFBR core were published recently.

The WAC group continued discussions on the modelling of specific
accident phenomena and had a regular exchange of information on
current code developments in the member states and at the JRC-
Ispra.

More recently the group submitted to the SWG a proposal for
future work which besides specific topics of accident modelling
foresees another comparative exercise for a more realistic case.

The topics proposed were derived from the results of a study on
the analytical tools available within the EC for the assessment
of the residual risk from severe accidents. The future programme
covering about 2-3 years includes amongst other the discussion
of phenomena related to subassembly accidents and of core
disintegration at decay heat removal level.

2.2 Codes and Standards

These activities concern three areas : manufacturing standards
169 and in-service, inspection, structural mechanics, and materials.

2.2.2 Structural Mechanics

Two studies concerning the applicability of boundary element
methods (BEM) to LMFBR problems were concluded : one gives an
university's point of view, the other the industry's point of
view. The conclusions from these studies are that although the
BEM offers interesting possibilities, for example in linear
elastic fracture mechanics, the designer has no other choice than
the use of finite element codes, for solving the non-linear
structural problems of real components.

A study on the application of the leak-before-break concept in
France was achieved. An atlas on limit analysis and design of
plate and shell structures was issued in draft form. These
results could be of interest also in other areas than LMFBR
design.

Benchmark calculations were pursued in two areas : non-linear
structural analysis and materials modelling. The first concerned
an axisymmetric plate geometry with stress concentration and
cyclic loading involving interactions of creep and plasticity.
The materials modelling benchmark exercise regarded very
difficult situations of rotating stresses. A general conclusion
which can be drawn at this stage is that, although ehe simple
material models which are mostly used behave poorly in such
situations, the errors filter out in structural problems of a
certain geometrical complexity approaching that of real
structures. In a third benchmark calculation the random
vibration approach in the seismic analysis of LMFBR structures



170 was applied and compared with time history and response spectrum
techniques. Preliminary conclusions show that the random
vibration approach is a reliable alternative method of analysis,
recommended in particular for preliminary design owing to its
computational advantage over the full time history analyses.

2.2.3 Materials

Round robins on the determination of residual stress in cold
worked material and on the stress relaxation properties of
austenitic stainless steels were accomplished. Studies were
performed on high cycle fatigue of austenitic stainless and on
stress rupture properties of 9-12 Cr steels.

Work is in progress in several other areas of material problems,
e.g. low-cycle fatigue of austenitic welds, fracture toughness
measurement of low toughness material (round robin), creep crack
growth behaviour of AISI 316 steel.

3.Research performed at the Joint Research Centre (JRC)

The work performed at the Ispra establishment is related to LMFBR
safety, while the activities carried out at Karlsruhe concern
essentially fast breeder fuels.

Safety research at Ispra comprises essentially the investigation
and analysis of severe accident phenomena under three main
projects: FARO, EAC and PAHR in-pile.

3.1.1 FARO

FARO is a large multi-purpose test facility for the investigation
of phenomena involving large quantities of molten UO2 (up to 100
kg). Four test series are foreseen: studies on molten fuel pools
(in the FARO oven itself), fuel impact on structures (BLOKKER I
test section), fuel freezing in channels and on structures
(BLOKKER II test section) and fuel jet stability and
fragmentation (TERMOS test section).

BLOKKER I tests were successfully concluded. As none or only very
limited attack of the structures (steel plates) was observed in
experiments with plates at different inclinations to the
impinging fuel jet, recently one of the experiments was repeated.

The result was the same : no ablation of the steel plate, but
formation of a fuel crust at an early stage of the experiment.

BLOKKER II experiments are under preparation. At present various
pretests are carried out to check the instrumentation. The first
experiment will be performed shortly.

A first TERMOS experiment was performed in which about 100 kg of
UO2 were injected in a sodium pool. For the first time fuel
coolant interaction phenomena were produced with such large
quantities of molten UO2.

The UO2 melt was released from the FARO furnace into the TERMOS
test section containing 130 kg of liquid sodium. Three major
pressure excursions occurred within 4.5 s after the first UO2-
Na contact, leading to pressurisations of the gas blanket to 0.5,
0.8 and 0.7 MPa, consecutively. Pressure and temperature records
suggest rapid sodium vapour production by the fragmentation of
only part of the UO2.

In support of the FARO experiments a series of analytical
activities were carried out.

The computer code SMURF developed by JRC-Ispra for the simulation
of the FARO furnace heat-up process, including the UO2 melt and
superheat, has been further validated. Comparison between
predicted and measured UO2 melt quantities was found
satisfactory.

In order to analyse the optimal nozzle shape of the FARO release
tube, assuring good jet stability, several calculations have been
performed with the CEA computer code BUCOGEL.

A series of parametric calculations for IKWwater mixtures have
been performed using the 2D computer code SEURBNUK. Main purpose
of these calculations was the verification of the FARO
containment structural integrity which in all the cases was found
to be assured.

3.1.2 EAC

In 1988 the development of the European Accident Code - version
2 (EAC-2) was continued with the objective to make EAC-2 an
advanced tool for the analysis of the initiation phase of low-
probability whole-core accidents in LMFBRs.

The models which have been fully integrated into the EAC-2
informatics structure are the fuel pin performance code
TRANSURANUS, the sciium hydraulics and boiling model CFEM and the
new molten fuel in-pin motion model CAMDYN.

The i:. <si-.pment of the Material Dynamics (MDYN) model was
cont • w. M'.:YN describes the fuel motion in the coolant
channel- llowing fuel pin failure. New developments have been
made in tuj fuel flow regime treatment. Now, also a transition
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fuel flow regime between the bubbly and the annular flow can be
treated. This transition flow regime is modelled as a dense
droplet flow. A more general new feature is the flow regime
selection in MDYN. The flow regime selection criteria are taken
from flow regime maps recommended for molten fuel flow. A
further important addition is the inclusion of a momentum
equation for a third fluid which represents mainly solid or par-
tially molten fuel chunks. Coupling of MDYN to EAC-2 is
underway.

The development and benchmarking of the 3-D, static diffusion and
transport code HEXNOD, has been completed. Results have shown
that the code is more than an order of magnitude faster running
than conventional transport codes. HEXNOD is presently coupled
with the quasistatic space-time kinetics code CASSANDRE.

3.1.3 PAHR In-Pile

The PAHR in-pile programme is aimed to investigate the heat
transfer mechanisms in core debris beds which may have formed on
retention structures in the reactor vessel after a core
disruptive accident. The final goal is to model the thermal
behaviour of these beds and to quantify the downward heat flux
through core retention structures in order to verify their
integrity.

Tests with UO2 or mixed UCh-stainless steel particle beds,
embedded in sodium, are performed in-pile to simulate the decay
heat of a real debris bed. Top and bottom cooling of the test
beds are provided in order to simulate the reactor conditions.

The PAHR in-pile programme has been initially conceived to
investigate mainly the phenomena of material relocation at high
temperature, in particular gravitational effects on molten steel
migration which could create an asymmetry in the bed thermal
properties and change the axial heat flux repartition.

Out-of-pile tests conducted at the JRC-Ispra, up to 2500°C under
axial thermal gradients, and in-pile tests performed at SANDIA
have shown that the processes of material relocation in the dry
part of a bed is governed by the thermal gradients. Since the
thermal gradients are symmetrical to the adiabatic plane of the
bed, the axial heat flux repartition within a bed is not influen-
ced by these phenomena.

On the other hand important bed disruption occurred in one SANDIA
experiment during a power ramp, causing a restructuring of the
upper part of the bed, which improved the heat transfer
capability to the upper side of the bed. Under reactor conditions
a core debris disruption can be postulated during the heat-up
phase of the debris bed, just after its formation, due to the
high pressure created by the sudden vapour production in the
hottest zone of the bed. In the first European in-pile

experiment conducted in the BR-2 reactor at CEM/SCK Mol, a steep
power ramp has been applied to investigate thia phenomenon. The
expected bed disturbance occurred and caused an increase of the
upward heat flux by a factor of 1.7.

On the basis of these results and due to the potential of this
phenomenon to cause significant reduction of the thermal load on
the retention structures, the test matrix for the remaining three
in-pile tests has been modified. In two testa with UO2 and UOz
plus stainless steel respectively steep rampr; are foreseen to
investigate the potential of bed disturbance.

In the last test a mixed UO2 -SS particle bed is brought up to
the melting temperature of the UO2 to investigate a possible
molten fuel-sodium interaction as another cause of bed
disruption.

A further important objective of the PAHR in-pile programme is
the validation of the code PAHR-2D developed by JRC-Ispra, which
describes the heat transfer phenomena in a packed bed up to
sodium dry-out. The code could not be applied to the first
experiment, carried out at Mol, due to a not uniform package of
the particle bed.

During 1988 a series of laboratory tests at JRC-Ispra were
carried out to define and characterise a particle filling
procedure which ensures a good uniformity of the particle size
distribution in the bed. These tests have caused a one year
delay for the execution of the second in-pile test.

3.1.4 Cost Shared Activities

Contribution to SCARABEE and MOL 7C In-pile Experiments

The JRC participated financially in four tests of the SCARABEE
programme (Be +3, BF 2, Be +3 bis, PI-A) and in two tests of the
Mol 7C programme (Mol 7C/6 and Mol 7C/7).

The general objective of the SCARABEE programme is to investigate
the basic phenomena occurring during a subassombly accident and
to provide experimental data for model development and
verification, while the main objective of the Mol 7C programme
is to demonstrate that a local cooling disturbance, caused by a
partial blockage in a subassembly, will not propagate beyond the
incident subassembly.

The JRC technical contributions consisted in a participation to
the different working groups aimed to conceive and design the
irradiation devices, to define the experimental test procedure
and to perform pre-test and post-test analysis.
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3.2.1 Nitride Fuel Development

The short-term nitride irradiation experiments NILOC 1 and 2 were
analysed in detail and compared with the previous short-term
carbide irradiations CARLO and CARRO which had been performed
under partly identical conditions as NILOC 2.

While the mechanisms of the initial in-pile restructuring are the
same in both fuels, the restructuring rate is about by a factor
ten higher in carbides than in nitrides and, depending on the
fabrication porosity and on the stability of the as-fabricated
structure, carbides and nitrides may show very different
characteristic in-pile restructuring in the same temperature
range at BOL (beginning of life).

In the case of nitride fuels, details of the fabrication
procedures (conventional preparation of the green pellets and
direct pressing) have been correlated with the densification
kinetics during sintering and with the in-pile stability of the
sintered pellets. This information can be used to produce porous
nitride pellets which remain stable at the high fuel temperatures
encountered in He-bonded fuel pins at BOL.

3.2.2 Minor Actinide Alloy Development

In the context of an industrial project to transmute long-lived
actinides in nuclear waste into short-lived fission products in
a dedicated fast reactor, a study was launched to determine the
thermodynamics and the metallurgical characteristics of alloys
of uranium-plutonium-zirconium with various amounts of the minor
actinides neptunium, americium, and curium.

3.2.3 Fuel Pin Performance Code TRANSURANUS

The fast breeder reactor version of the fuel pin performance code
TRANSURANUS, developed at Karlsruhe, was revised and the models
for densification, pore formation, pore migration, and closure
of the central void were tested. The latest version was included
in the European Accident Code - EAC (s. Chapter 3.1.2).

4. Conclusions

The activities of the Commission, in support of the cooperation
in the Community on fast reactors, are esaentially related to
safety R+D and to aspects aiming at the development of a common
technology - like the activities in the field of norms and
standards for fast reactors.

The Commission is very much appreciating the progress made in the
development of a European Fast Reactor (EFR) . An increase of the
current CEC efforts in support of EFR, although desirable,
depends on the willingness of all member states to invest more
in a long term energy source, such as it is offered by fast
reactors.

3.3.3 High-Temperature Properties of Oxide Fuels

First experimental data on the specific heat of refractory metals
and UO2 at and above their melting temperatures were obtained
with newly developed equipment using laser pulse heating and
ultra fast multi-wavelength pyrometry. The results thus obtained
will be input data for accident analyses.


