
and the secondary system. The present concept is to exchange exhausted cold
traps against new ones and to store them as waste.

For cost and environmental reasons (tritium) the regeneration of the secondary
cold traps seems attractive.

Work on effective and reliable regeneration and safe handling of dangerous
substances (e.g. tritium) is being performed. A small loop with a mock-up cold
trap is under construction. There the H-/(T?) extraction (removal by gas
bubbling through the sodium, oxidation to water and retention of the water)
will be investigated.

10.9 Secondary Fuel Handling (FSA)

Validation of passive cooling systems for fuel subassemblies in the handling
facilities and validation of transport/storage canister design is needed.

The work on the transport/storage canister concept had to be interrupted due
to the withdrawal of the Belgian partners. The work on FSA cleaning procedures
is going on. In the OMEGA/ILAR test facility an electrically heated SA (~ 10
kW) could be cleaned by humid gas and rinsing with water without problems.
Also FSA transfer in gas is studied in the LEDA (CEA) test facility.
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Abstract

In the field of fast reactors the Commission of the European
Communities (CEC) is conducting coordination and harmonization activities
at the Brussels headquarters and performing research in its Joint Research
Center. The Fast Reactor Coordinating Committee (FECC) is performing
coordination and harmonization activities taking account of the
collaboration agreements within the European Fast Seactor (EFR) context.
Since the EFE collaboration does not involve all Member States of the
European Community the FRCC should establish a link between the EFR
countries and other countries. The FRCC discussed R&D activities suitable
for a concerted action in a community frame. The Committee also discussed
actinide transmutation aspects in LMFBRs. The discussions were based on
the results of a study sponsored by the CEC to assess the characteristics
of a large core (3600 MWth) with variable actinide content (3-15X). The
FRCC received regularly reports on results from current R&D programmes,
especially from those related to EFR.

/. Introduction

In the field of fast reactors the Commission of the European Communities (CEC) is
conducting coordination and harmonisation activities at the Brussels headquarters and
performing research in its Joint Research Center.

2. Coordination and Harmonisation Activities
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The Fast Reactor Coordinating Committee (FRCC) which was set up in 1971 by the
Council of Ministers to assist the CEC in performing coordination and harmonisation
activities discussed its future role, taking account of the collaboration agreements within
the European Fast Reactor (EFR) context. It was concluded that the Committee has still
an important role to play and that it should continue its work on the lines followed sofar.
Since the EFR collaboration does not involve all member states of the European
Community the FRCC should in particular establish a link between tne EFR countries
and other countries which although not being associated with EFR may have an interest
in fast reactors, at least in the longer term. Further, the FRCC's wider membership - it
comprises besides representatives from research organisations, industry and utilities, also
representatives from ministries and licensing authorities - makes the Committee an ideal



108 forum for discussions of a wider spectrum of LMFBR problems, especially those not
related to a specific project. The FRCC's subgroups on safety (SWG) and codes and
standards (WGCS) will have to contribute in the respective areas.

The FRCC discussed R+D activities suitable for a concerted action in a Community
frame. Sofar problems related to the secondary containment were identified, e.g. the
further development of the CONTAIN-LMR code. The SWG was asked to discuss the
matter further.

The Committee also discussed actinide transmutation aspects in LMFBRs. The
discussions were based on the results of a study sponsored by the CEC to assess the
characteristics of a large core (3600 MWth) with variaule actinide content (3-15%). Main
results were increase of the void coefficient and the reduction of the Doppler constant
which seem to impose a limit to the minor actinide concentration of 5-8%. On the other
hand the reduction of the reactivity change during burnup becomes smaller, a fact which
reduces the shutdown requirements of the absorber, and the deformation of the axial
power distribution decreases.

The FRCC received regularly reports on results from current R+D programmes,
especially from those related to EFR.

2.1. Safety
The Safety Working Group (SWG) pursued its discussions of specific LMFBR safety
issues, of results from R+D programmes and of safety relevant events in operating fast
reactors. With a view to follow the development of alternate fast breeder concepts the
group discussed the results from a comparative study of the safety behaviour of a large
(1300 MWe) metal and oxide fuel core which had been performed jointly by the EFR
R+D organisations and Argonne National Laboratory (ANL). The group also discussed
the NRC's Draft Preapplication Safety Evaluation Report for the PRISM reactor.

Following a request from IAEA the SWG made comments on the "Description of Safety
Related Terms" issued by a IAEA Technical Committee.

2.1.1. Whole Core Accident Codes
The WAC group is performing another benchmark exercise for selected CABRI
experiments, mainly to evaluate new modelling approaches. The group restated its
readiness to associate Non-Community countries to the comparative calculations.

Regularly reports were given on code developments performed in national laboratories
and at the CEC's Joint Research Center.

Specific modelling aspects were discussed, e.g. freezing phenomena. CEC sponsored a
study to model the interfacial resistance between the melt and structures. This latter
effect seems to have a predominant influence on freezing at high cooling rates.

In the frame of another study contract a new bubble expansion model is being developed
and will be coupled with a fluid dynamics code (SEURBNUK) to assess the
consequences of a core disruptive accident.

Discussions on the treatment of the early transition phase were continued. The possibility
to apply primary excursion codes to the early transition phase as well as the switching
from these codes to transition phase codes like SIMMER were identified as possible
topics. A programme of work on transition phase problems will be established in close
contact with the EFR R+D organisations.

2.2. Codes and Standards
The Working Group Codes and Standards (WGCS) and its three subgroups continued
work in the fields of manufacturing and in-service inspection, structural mechanics, and
materials. These activities are coordinated with the EFR organisations.

2.2.7. Manufacturing and In-service Inspection
Several comparison studies of national standards were concluded and will be published.
These comparisons led also to proposals for harmonisation. A methodology for
comparing the flaw acceptance criteria of NDT inspection standards by using fracture
mechanics had been developed in a previous series of studies. In an extensive application
study it was shown that fracture mechanics can indeed be used as an instrument to make
a critical comparison of NDT standards for harmonisation purposes.

2.2.2. Structural Mechanics
Problems of creep and creep/fatigue evaluation and ratchetting were a large part of the
studies in the area of structural mechanics. The full range of approaches from code rules
and simplified methods to full inelastic analysis has been considered. One of the basic
ingredients, constitutive modelling, was treated in a benchmark exercise. Several studies
will be published. Two of these are :

- a study on residual stresses in welds of FBR components
- a benchmark exercise on the random vibration approach in seismic analysis which

showed that this approach is an interesting alternative to time history and response
spectrum techniques.

2.2.3. Materials
Materials testing specifications used in the EC member states were compared and
recommendations for their harmonisation were made. Most studies concerned the
collection and evaluation of material data in order to agree on values to be used in
design codes. Two extensive studies were concluded and will be published :

- a literature survey on the behaviour of short fatigue cracks in austenitic stainless steels
- low cycle fatigue of austenitic welds.
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3. Research performed at the Joint Research Centre (JRC)

Safety research is performed at the Ispra Establishment while research on fuels is carried
out at the Institute for Transuranium Element (ITU) at Karlsruhe.

3.7. Safety

3.1.1. FARO
FARO is an experimental facility where a number of phenomena related to severe
accidents can be investigated using real reactor materials. The main feature is the
possibility of melting quantities of 100-150 kg of UO2. The melt can then be released into
various test sections to study :

- fuel jet impingement on structures (BLOKKER I tests);
- fuel freezing and plugging in channels (BLOKKER II tests);
- coolant jet penetration, fragmentation and in general fuel-coolant interaction problems

(TERMOS tests).

The experimental programme was firstly devoted to the studies of LMFBR severe
accident problems. Since 1988, studies are under way to assess the possibility of using the
facility for LWR severe accident studies. In 1990 a programme has been designed for the
study of in-vessel melt quenching phenomena in LWRs and consequently the LMFBR
programme was terminated in September 1990.

In the frame of the LMFBR programme two experiments of the BLOKKER II test series
have been performed in 1990. In these tests the melt penetration and freezing in
rectangular channels (simulating LMFBR inter-subassembly gaps) were investigated at
about 400° C and 900° C initial structure temperatures.

In the first experiment the test insert contained, besides one circular channel of 4 mm
diameter, four rectangular channels of various surface with widths ranging from 4 to 6
mm and a length of 2 m. (see Fig. 1). The UO2 injection pressure was 0.6 MPa, the melt
temperature 3000° C and the initial channel temperature 390 to 560° C. Table 1
summarises the experimental results. The penetration distance (400 mm) in the reference
channel agrees well with formerly measured values. A UO2 mass of about 4 kg was found
to be drained through the 6 mm wide rectangular channel before plugging. Fig. 2 shows
a summary of melt front penetration versus time in the various channels as derived from
corresponding thermocouple data, which varies from about 1 m to more than 2 m. An
increased draining capability of UO2 in rectangular channels has been found with respect
to circular channels of similar radial dimensions.

The test conditions of the second test were the same as for the first one with exception
of the initial channel temperature which was 900° C. About 100 kg UO2 has been melted.
Unfortunately, due to spurious signal intervention the closure of the intersection valves
has been triggered too early, thus blocking most of the melt above the test section and
preventing significant melt penetration into the rectangular channels. From this test only
the penetration distance in the 4 mm circular channel could be revealed. Also at 900° C
initial channel temperature no melting of the internal channel surface is noticed.

section B - B

Fig.l. - Rectangular channel insert for freezing



110 Tahle I : Melt Penetration in Channels Table 2 : Melt Penetration in Circular Channels

CHANNEL
N°

1
2
3
4
5

CHANNEL
DIM.
(mm)

« 4
4x28
5x28
6x28

6x28 *)

MAXI
DIST.
(mm)

400
1200
2000
2000
1500

PEN ET.
TIME 1)

(ms)

100
-

380
270
250

PENET.
VELOCITY

(m/s)

3.6
-

5.3
7.4
3.3

DRAINED
UO.
(kg)

0
0.1
0.5
4.0
0

1) relative to 50 mm down from the channel inlet
*) with semi-hexagonal twist

CHANNEL
DIAMETER

(mm)

3.7
5.0
5.9

PENETRATION LENGT11
(mm)

EXPERIMENT
Channel 1 Channel 2

325
555
535

300
335
560

CALCULATION

308
457
560

Fig.2. - Melt front penetration in channels

During 1990 BLOKKER II tests have been analysed using an improved version of the
French CEA code BUCOGEL (version 1.3, February 1990) which now contains a "mixed
freezing" model for molten fuel flowing through tubes or channels. Bulk freezing is
assumed to occur at the leading edge of the molten slug and conduction freezing behind
it. Results for a test carried out in 1989 are given in Table 2. Good agreement between
measured and calculated penetration lengths was found. This is in contrast to previous
attempts using the simple bulk freezing or conduction freezing models which
underestimate and overestimate the penetration depths, respectively.

3.1.2 European Accident Code (EAC)
After the first release of the new EAC-2 a second and better tested version was released
in the middle of 1990. One test case was a modified WAC/LOF benchmark in which the
fuel pin failure location and time was based on the cladding failure criteria of the
detailed TRANSURANUS pin behaviour code which is part of EAC-2. Although the
predicted failure locations were near the midplane, the fuel pin melt fractions were
rather low at failure time. Because of this, there was little compactive in-pin fuel motion,
but enough dispersive fuel motion in the coolant channels led to a much more benign
accident outcome than predicted the majority of the codes that had participated in the
WAC/LOF benchmark exercise. In this benchmark, the pin failures were specified to be
at rather high melt fractions.

In the area of modelling, a new fuel freezing model which is partially based on
conduction freezing was introduced in the Material Dynamics model MDYN. Another
aspect is the separate fuel freezing on structure material, which is important for analysing
the single-pin CABRI tests.

With regard to CABRI analyses, the stand-alone version of TRANSURANUS has been
successfully applied to the well-characterised RIG-1 fuel pin irradiation in the PHENIX
reactor and to several CABRI experiments. The EAC-2 hydraulics has been improved
so that the CABRI test section can be properly simulated. The applications of the
complete EAC-2 to CABRI tests is under way.
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By the end of this year the EFR R&D Associates will decide on a European Fast
Reactor Reference Code (EUREF). This will probably be a combination of the best
models of EAC-2 and the American SAS-4A code.

3.2. Fuel

3.2.1. Nitride Fuel Development
An out-of-pile study of the thermal stability of mixed nitride fuel in a radial thermal
gradient was completed. The samples to be investigated were prepared by carbothermic
reduction under flowing nitrogen. The stability of these nitrides in a thermal gradient was
rather good up to about 2000 K, and no strong differences in the behaviour of different
types of fuel with various amounts of oxygen (up tc 7600 ppm) was observed. Above
2000 K, however, the formation of a metallic phase and the evaporation of plutonium
causes rapid restructuring, a densification, which destroys the open porosity network,
transport of Pu towards the pellet periphery (and even to the surface of the cladding
material). These effects can lead with increasing temperature to a total collapse of the
fuel. A limitation in the use of U, Pu-nitrides as nuclear fuel for fast breeder reactors
above 2000 K can therefore be predicted from these investigations.

One pin from the fast flux nitride irradiation experiment NIMPHE 1 (carried out in the
Phenix reactor) with a burn-up of almost 8% has been shipped to Karlsruhe and is
presently undergoing post-irradiation examination in the hot cells of ITU. The non-
destructive analysis of the pin has been performed in the laboratories of CEA Cadarache.

Two new mixed nitride fuel pins have been fabricated at ITU for re-loading into the
NIMPHE capsule. They will, together with pins from CEA Cadarache, be irradiated in
the Phenix reactor up to a burn-up of 10 at -%.

The beginning of the BOL-irradiation tests NILOC 3 and 4 in the Petten high-flux
reactor had to be postponed for technical reasons to mid-1991. The possibility of
irradiating vibro-compacted mixed nitride fuel - partly on a third-party contract basis -
is being examined.

Equipment for measuring the equilibrium partial pressure of U-Pu mixed nitrides with
high and low oxygen content has been developed, it consists of a Knudsen cell with
quadruple mass spectrometer, heated by induction up to 3200 K. The furnace operates
at 5.10'* Torr. Facilities for the collection of effused vapour on a system of targets provide
for possibilities of calibration. Test runs with UN are under way; examination of mixed
nitrides is scheduled to start early in 1991.

3.2.2. Work in relation with Minor Actiniae transmutation
Minor actinide (MA) containing oxide fuel samples which had undergone irradiation in
the KNK II reactor have been analysed. The experimental results are complete in that
all nuclides of interest have been measured, some with more than one technique (Am,
for example, was measured by IDMS, gammaspectrometry and alpha spectrometry).
Parallel calculations are being carried out in cooperation with KFK (Karlsruhe) and
CRIEPI (Japan).

4 pins containing Np and Am which had been irradiated in the Phenix reactor in the
frame of our SUPERFACT programme where shipped to Karlsruhe at the end of the
year and presently undergo post irradiation analysis.

Candidate nuclear fuels for transmutation studies have been prepared in order to study
fabrication techniques and thermodynamic characteristics, namely (U u Np,) N, 0<x<l,
and (U,7 Amj)O2 with y = 0.2 and y = 0.05. Investigations are under way.

Further studies in this context executed in 1990 at ITU dealt with the successful
application of a high-pressure cation exchange separation scheme to the case of
neptunium and with tests to recover MAs from scrap materials.

3.2.3. Fuel Pin Performance Code TRANSURANUS
By coupling the TRANSURANUS fuel pin performance code (developed at ITU) with
the steady state and transient capabilities of the European Accident Code EAC-2 for
FBR accident analysis, full coherence was reached between the base irradiation and the
transient, in particular for the thermo-mechanical behaviour of the fuel rod. In the frame
of international benchmark calculations or by simulating selected experiments like the
French CABRI-I or the German-Belgian MOL 7C/7 tests, the ITU modelling group
contributed to the validation of various physical models incorporated in EAC-2.

3.2.4. Hieh-Temperature Properties of Oxide Fuels
The specific heat of UO2 was measured in an autoclave from the cooling curve of
spherical samples, simultaneously heated by four symmetrically oriented laser beams in
an inert gas atmosphere at pressures up to 1000 bar to avoid evaporation. The maximum
temperatures reached were around 8000 K. The results show that the specific heat of
urania decreases sharply after melting from around 700 J/kg K to 300 ± 80 J/kg K and
remains so without any significant variation up to about 8000 K. An experimental error
of about 30% is the best that can be done with the present equipment.


