IAEA-TECDOC-876

Progress in liquid metal
fast reactor technology

Proceedings of the 28th meeting of the
International Working Group on Fast Reactors
held in Vienna, 9-11 May 71995

&
V
\Y

q@é

INTERNATIONAL ATOMIC ENERGY AGENCY HA EA

April 1996

§(<(— Z




The |AEA does not normally maintain stocks of reports in this series.
However, microfiche copies of these reports can be obtained from

INIS Clearinghouse

International Atomic Energy Agency
Wagramerstrasse b

P.O.Box 100

A-1400 Vienna, Austria

Orders should be accompanied by prepayment of Austrian Schillings 100,—
in the form of a cheque or in the form of |AEA microfiche service coupons
which may be ordered separately from the INIS Clearinghouse.



IAEA-TECDOC-876

Progress in liquid metal
fast reactor technology

Proceedings of the 28th meeting of the
International Working Group on Fast Reactors
held in Vienna, 9-11 May 1995

o“g \
(\t‘((l.— Z

INTERNATIONAL ATOMIC ENERGY AGENCY U A E A




The originating Section of this publication in the |AEA was:

Nuclear Power Technology Development Section
International Atomic Energy Agency
Wagramerstrasse 5
P.O. Box 100
A-1400 Vienna, Austria

PROGRESS IN LIQUID METAL FAST REACTOR TECHNOLOGY
IAEA, VIENNA, 1996
IAEA-TECDOC-876
ISSN 1011-4289

© IAEA, 1996

Printed by the IAEA in Austria
April 1996



FOREWORD

The key objectives and activities of Member State liquid metal fast reactor (LMFR)
programmes are:

¢H) Demonstration of effective designs,

2) Demonstration of system safety,

3 Demonstration of economic competitiveness with other established power generation
systems.

The International Working Group on Fast Reactors IWGFR) at its 1995 meeting
observed that while some countries (as a result of static or falling power demand) are
reducing the research and development programmes or delaying the commercial deployment
of fast reactors, other countries are planning to introduce these reactors and are embarking
on their own development programmes. In these circumstances the international exchange
of information and experience is of increasing importance.

These proceedings contain updated information from long standing members of the
IWGFR and new information on the status of LMFR research and development from new
members of the Group: Brazil, China, Republic of Kazakhstan and the Republic of Korea.
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SUMMARY OF THE MEETING

1. INTRODUCTION

The 28th Annual Meeting of the IAEA International Working Group on Fast Reactors
(IWGEFR) was held in Vienna from 9 to 11 May 1995. The meeting was attended by IWGFR
members from China, France, Germany, India, Italy, Japan, Kazakhstan, Republic of Korea,
the Russian Federation, the United Kingdom, as well as by an observer from Switzerland. -

The objectives of the 28th meeting of the IWGFR were to co-ordinate the exchange
of information on the status of fast reactor development (including advanced concepts for
radioactive waste burning), to review co-ordinated research activities on fast reactors and to
co-ordinate the IWGEFR activities with those of other organizations.

2. IWGEFR ACTIVITIES DURING 19%4
2.1. Technical committee and specialists meetings

A Technical Committee Meeting on Evaluation of Material Coolant Interaction and
Material Movement and Relocation in LMFR was held at the O-arai Engineering Center,
PNC, Japan, 6-9 June 1994. The participants reviewed and discussed the recent progress in
in-pile and out-of-pile experimental data (fuel and coolant interaction) and material movement
and relocation during the whole spectrum of core disruptive accidents (CDAs) postulated for
sodium cooled fast reactors: (1) sodium boiling and molten fuel-coolant interactions; (2)
molten material movement and relocation in fuel bundles; (3) melt penetration and freezing,
and (4) molten pool dynamics. The dynamics of material motion and interaction are
especially important in the evaluation of core disruptive accidents. This is because the
reactivity effects of material motion are crucial in determining the accident sequences and
their consequences. The recriticality and resulting energetics potential is primarily
determined by the dynamics of material motion. The dynamics of material motion also
determine the final material distribution inside the reactor vessel, and this is related to the
post-accident heat removal. The meeting ‘covered the entire scope of aspects of material
motions which may occur during CDAs. However, this meeting was not restricted to whole-
core CDAs but also considered fuel-pin dynamics since this is an important concern in the
event of inadvertent control-rod withdrawal. The general consensus of the participants was
that the future direction of safety research should also consider some ways to harmonize
designs, economical needs and reliable operation of future LMFRs.

A Specialists Meeting on Correlation between material properties and
thermohydraulics conditions in LMFRs was held in Aix-en-Provence, France, 22-24
November 1994. The meeting was devoted to thermomechanical aspects of temperature
fluctuations in LMFR such as mixing jet phenomena, temperature gradient fluctuations and
transfer of fluctuations from the fluid to the structure materials wall. One key objective of
the meeting was to identify common trends in the interpretation of experimental and
analytical work and the influence on design codes. The meeting noted that great advances
have been made in the last few years to improve analytical methods for predicting fluid
temperature fluctuation amplitudes and frequencies, involving simulation and direct solution
of the Navier-Stokes equation. Within a short time, when improved computing capacity



currently planned has become available, it should be possible to provide information on fluid
temperature at all times and at all important locations. When this level of detail in
thermohydraulic calculations capability is reached, all the requirements for calculating
stresses in structural materials will have been met. Two problems are outstanding, however.
Firstly, the question of appropriate boundary conditions between more approximate fluid
mechanics codes used to predict overall flow properties and codes to predict the fine detail
of thermal fluctuation in critical regions has to be solved. Secondly, the adequate
experimental validation including measurements of suitable detail and precision has to be
provided. Significant progress has been made in substantiating the phenomenological basics
of the material design codes available to reactor designers. Nevertheless, in spite of this
improvement, the design codes are still very restrictive in terms of allowable temperature
amplitudes, because they still include a "safety factor" of about 2. It is clear that progress
will be made only when the basis of this safety factor is scrutinized and a firm experimental
justification for reducing it is provided.

2.2. Benchmark calculation for a severe accident (unprotected loss of flow, ULOF) in
BN-800 reactor

At the Annual Meeting of the IWGFR in May 1994, it was proposed to begin an
evaluation of the BN-800 reactor transient characteristics. After discussion with contributions
of all member countries a joint IAEA/EC benchmark exercise for a severe accident (ULOF)
in a BN-800 with near zero void core has been endorsed by all participants. France,
Germany, India, Italy, Japan (PNC and'Hitachi), the UK and the Russian Federation have
participated in the benchmark exercise. The main aim of the comparative calculation is: (1)
to establish a basis for evaluating the pros and cons of a BN-800 type reactor with a near
zero sodium void reactivity core design under hypothetical severe accident conditions, as far
as an energetic ULOF is concerned, and (2) to analyze the conditions which allow avoidance
of prompt fuel and steel melting in the improved fast reactor core under ULOF-type and
other severe accident conditions. It was proposed to analyze two cases: (1) fully unprotected
loss of flow (all safety rods are out of operation), and (2) unprotected loss of flow (all active
safety rods are out of operation but all passive safety rods keep their ability to work
normally). The JAEA convened a Consultancy, 5-6 December 1994, to review the general
objectives and scope of the comparative calculations, to discuss and agree on the input data
and to establish a work plan and work methods for the first year of the exercise.

2.3. Co-ordinated research programmes

A Research Co-ordination Meeting on Intercomparison of LMFR Seismic Analysis
Codes, was held from 26 to 28 September 1994, at PNC, Japan, to discuss and compare the
experimental and analytical results obtained by various organizations for the analysis of
French, Japanese, and Italian tests of Rapsodie, Monju and PEC mock-ups of validating
LMER structural codes. The discussions of the presentations covered a wide range of topics,
mostly regarding the core seismic behaviors of the LMFRs. With the present state of the art
computer power, it is very difficult to perform an entire core seismic analysis. It was
suggested that the central row seismic analysis gives a conservative displacement and shock
force. The effect of fuel pins on the natural frequency of the wrapper, which has so far been
neglected, should be given a closer look. This may become all the more important in the
context of irradiated sub-assemblies, . wherein the pins touch the wrapper tube due to



swelling. In the context of poor matching of displacement responses for the neutron shield
elements between the experiment, the calculations for the Rapsodie data and the need to look
into the boundary condition details of the neutron shielding elements were stressed. There
is a need for digitized experimental data, without which the comparison of results becomes
very difficuit.

A Research Co-ordination Meeting on Acoustic Signal Processing for the Detection
of Sodium Boiling or Sodium/Water Reaction in LMFR, was held at the Indira Gandhi
Centre for Atomic Research, Kalpakkam, India, 1-3 November 1994. The work of this CRP
on Development of Diagnostics systems, which can enhance nuclear power plant surveillance,
is of interest to NPP operators. The first stage concerned acoustic monitoring of the reactor
core by detecting sodium boiling, which produces acoustic effects; the research programme
has shown that there is a range of techniques available to detect boiling. The second stage
of the CRP covered the acoustic detection of leaks in steam generators units (SGU). The
participants were provided with data on background noises from 4 transducers on the SGU,
of PFR in UK, leak noise from 4 transducers on the ASB loop in Germany, and mixed files
of background and leak noises with various signal-to-noise ratios. The objectives were to:
(1) determine the leak’s start time and duration; (2) assess the advantage of multichannel
analysis over single channel processing for acoustic leak detection; (3) assess the reliability
and falsetrip rate of the techniques employed, and (4) evaluate, if possible, the location of
the leak. The purpose of this meeting was to: (a) review and discuss the results of
investigations carried out by the participating countries; (b) discuss and finalize the
preparation of test data from experiments carried out on PFR - SGU for the year 1995, and
(c) make recommendations for the future. The RCM has contributed significantly to the
progress of the acoustic leak detection in test data made by mixing background noises
measured on power plants’ SGUs and leave noise measured on loops. The possibility to
detecting leaks between 0.1 and 1 g/s in a few seconds was demonstrated.

3. PRESENTATION AND DISCUSSION OF NATIONAL PROGRAMMES
ON FAST REACTORS

Presentations on fast reactor development were made by the Members of the Group
as well as by the observer. A short review of the discussion is presented below:

France: Due to a lower electricity growth rate and the improved fuel utilization in
modern nuclear power plants, the commercial introduction of fast breeder reactors is being
postponed. Meanwhile, application of an additional important aspect of LMFR - to transmute
long-lived nuclear waste and plutonium burning - is being developed. The current
programmes on operation of the existing fast reactors Phenix and Superphenix (SPX) and
development of the new oné, thus reflect these requirements. At the end of December 1994,
the Phenix reactor was approved to work at a power level of 350 MWth. One of the
objectives of extending the lifetime of the reactor by additional 10 years is to perform the
necessary irradiation experiments to support the CAPRA (Consommation Accrue de
Plutonium dans les Rapides) project. The CAPRA programme, initiated in 1993, aimed at
demonstrating the feasibility of burning plutonium at highest rates in a fast reactor. An
exploratory investigation was made in a study of uranium - free cores allowing the highest
plutonium burning rates, i.e., about 700 kgPu/GWe year. The work on the CAPRA
programme is being performed in the framework of the European R&D collaboration on the



European Fast Reactor (EFR) Project, and in close cooperation with the EFR Associates.
The EFR project has now reached an important milestone with the completion of the concept
validation phase. The twin goals for the design, that the customer utilities set at the outset
have been demonstrated as achievable: (1) economic performance with the generating cost
of the commercial series of EFR is competitive with contemporary PWRs, and (2) EFR is
licensable in all participating countries with a safety level requirement which meets the
ambitious goals of future nuclear plants. The R&D support has been extensive and has
provided comprehensive validation of the design features necessary to meet these goals. The
R&D is planned within the context of specific international collaboration agreements existing
between Europe and Japan and between France and Russia (CEA-MINATOM agreement
where Germany and the UK are "Associated Partners"). The next period will seek to
maximize the extent and benefit of collaboration within Europe, to include parties with a
strategic interest, particularly in the full fuel cycle, and outside Europe and to realize the
potential which has been established, for extending collaboration to the USA. All this should
be seen in the context of a decision (to be made around 2005), to start the construction of
a fast reactor. The SPX reactor was granted a routine regulatory permission to restart and
operate by the Minister of Industry and Environment in 1994, in accordance with advice of
the Nuclear Safety Agency after a final safety review. The report of the safety authorities
declared that the safety level of SPX was the same as that of the 54 PWR reactors of the
French nuclear park. Criticality was reached in August 1994 and the reactor’s power was
increased in successive steps. The knowledge acquisition programme, which has been
developed in 1994, necessitating the operation of the SPX plant, has three major
complementary objectives: (1) to demonstrate the capacity of a fast reactor in order to
produce electricity on an industrial scale, while contributing to plutonium management and
the reduction of long-lived radioactive waste; (2) to study the flexibility of a fast reactor,
using plutonium as fuel and to qualify the technical solutions developed within the framework
of a research programme, with the main focus on operating this type of reactor as a
plutonium consumer, and (3) to study the possibilities of destroying long-lived radioactive
waste, in particular the minor actinides, americium and neptunium, within the framework of
the SPIN programme and fuel performance (the CAPRA mixed oxide fuel has high Pu
enrichment, up to 45%, and would be irradiated to high burnup).

Germany: The fast reactor activities of Forschungszentrum Karlsruhe (FZK) are part of the
Nuclear Safety Research Project. The R&D programme of this project has been restructured
in accordance with the demands of the Federal Government. The key issues and tasks of the
programme concern LWR and LMFR safety and transmutation of minor actinides. The
activities have been concentrated in two areas: (1) the participation in the European CAPRA
programme (neutron-physical and reactor safety works), and (2) chemical studies for the
separation of actinides from lantanides of solvent extraction. Analyses of an unprotected
loss-of-flow for the EFR core design have been repeated in 1994 using the improved SAS4A
system. Results have shown that consequences of the accident initiation phase are
significantly reduced, compared to those calculated in the previous analyses using FRAX-5D,
PHYSURAC and earlier SAS4A versions. Differences are mainly due to the improvements
in the simulation of the fuel pin behaviour during steady-state power operation (up to high
burnup levels), and in particular in the simulation of the post-failure materials relocation.
A great variety of fast breeder fuel pins have been tested under operational transient
conditions in sodium-cooled capsules in the High Flux Reactor (HFR) in Petten/Netherlands.
The test field included power ramping, overpower, power-to-melt and temperature transient
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