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SUMMARY REPORT 
 

 

1 Introduction and Background 

The present known resources of uranium represent about 100 years of consumption with the existing 
reactor fleet. However, depending on the growth rate of nuclear energy worldwide, sooner or later the 
question of uranium resources will be raised. Actually, fast reactors operated in a closed fuel cycle 
have the potential to multiply by a factor of 50 to 100 the energy output from a given amount of 
uranium (with full use of U-238), which would ensure energy supply for the next thousand years with 
the already known uranium resources. Furthermore, fast reactors allow a more suitable management 
of high level radioactive wastes through the transmutation of minor actinides produced in the fuel 
during reactor operation. Consequently, a significant reduction of quantities, heat load, and hazardous 
lifetime of the ultimate waste to be disposed of in geological repositories can be obtained. 

From a more general viewpoint, acceptance of nuclear energy with large scale contributions to the 
world’s energy mix depends on satisfaction of key requirements to enhance sustainability in terms of 
economy, safety, adequacy of natural resources, waste reduction, non-proliferation, and public 
acceptance. The mutual fulfilment of these requirements can be easier met by fast neutron reactors 
with closed fuel cycle whose timely development and deployment are therefore the key for a 
sustainable nuclear energy expansion. 

However, whereas sustainability still remains fundamental for the further expansion of nuclear 
energy, the accident which occurred on March 2011 at the Fukushima Dai-ichi nuclear power station 
is drawing a renewed attention to the safety of current and future nuclear systems. In particular the 
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focus is on the consequences (e.g. complete Station Black-Out, Loss of Ultimate Heat Sink, etc.) of 
and the protection against extreme external events which may lead to severe accident scenarios. 
Taking into account the lessons learned from the Fukushima event, nowadays there is a general 
consensus on the need of reviewing the safety aspects of any nuclear system. In the light of this event, 
special importance is given to defence-in-depth, safety margins, robustness, cliff edge effects, 
multiple failures, prolonged loss of essential systems and safety recovery actions. Furthermore, with 
regard to the innovative concepts, the introduction of advanced technical solutions and provisions for 
the prevention and the mitigation of severe accidents are considered. These are key factors to further 
increase the safety level of the nuclear power plants. 

In this framework the IAEA Technical Working Group on Fast Reactors (TWG-FR) – which assists 
Member States in all technology development areas of fast neutron systems – in its last meeting 
recommended to organize this topical Technical Meeting. The meeting was intended to create a forum 
for in-depth discussions on the lessons learned from the Fukushima accident and their impact on the 
design and operation of existing and future fast neutron systems, as well for identifying areas of 
technical cooperation in the field of extreme natural hazards and severe accidents in fast reactors. 

 

2 Objective of the Technical Meeting 

The overall purpose of the Technical Meeting was to recognize and analyse the implications of the 
accident occurred at the Fukushima Dai-ichi Nuclear Power Station on current and future fast neutron 
systems design and operation. The aim was to provide a global forum for discussing the principal 
lessons learned from this event, and thus to review safety principles and characteristics of existing and 
future fast neutron concepts, especially in relation with extreme natural events which potentially may 
lead to severe accident scenarios. 

The participants also presented and discussed innovative technical solutions, design features and 
countermeasures for design extension conditions - including earthquakes, tsunami and other extreme 
natural hazards - which can enhance the safety level of existing and future fast neutron systems. 
Furthermore, the meeting gave the opportunity to present advanced methods for the evaluation of the 
robustness of plants against design extension conditions. Another important goal of this TM was to 
discuss how to harmonize safety approaches and goals for next generation’s fast reactors. 

Finally, the meeting was intended to identify areas where further research and development in nuclear 
safety, technology and engineering in the light of the Fukushima accident are needed. In the frame of 
the implementation of its Nuclear Safety Action Plan endorsed by all Member States, the IAEA will 
consider these areas as potential technical topics for new Coordinated Research Projects, to be 
launched in the near future. 

 

3 Opening Session 

On Monday, March 19 a welcome reception was organized by HZDR at the IBIS Hotel Lilienstein of 
Dresden.  

The technical sessions started on Tuesday, March 20 at HZDR Headquarter. 

Mr. S. Monti, as scientific secretary, welcomed the participants, thanked HZDR for hosting this IAEA 
TM and briefly introduced the scope and the objective of the meeting. He also reminded that the 
meeting was organized under the advice of the TWG-FR at this last meeting in Beijing, May 2011. 

Mr. B. Merk also welcomed the participants on behalf of the hosting organization. 

After their self-introduction, all meeting participants agreed to appoint Mr Werner Maschek, from 
Karlsruhe Institute of Technology, Germany, as meeting chairman. The meeting chairman proceeded 
with the approval of the agenda and opened the technical meeting. 
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4 Impact of the Fukushima Event on Nuclear Power 

4.1 The Fukushima Accident – A Station Blackout and the consequences 

F. Schäfer, P. Tusheva, S. Kliem, HZDR 

On the area of the Fukushima I nuclear power plant on March 11th 2011 a severe accident leading to 
major consequences on the reactor Units 1-4 and the surrounding area has occurred. The accident was 
primarily caused by an earthquake and tsunami, resulting in a loss of internal and external power 
supply, as well as in a failure of all diesel generators – a Station Blackout. The loss of ultimate heat 
sink has led to unavailability of water supply, necessary to cool down the nuclear plant. In such an 
event only passive safety systems are available and accident management measures have to be applied 
to mitigate the consequences of the accident.  

The presentation gave a brief description of the Fukushima accident, the applied countermeasures and 
the consequences on the reactor units and on the environment. Lessons learned from the Fukushima 
accident as well as conclusions for current and future nuclear power plants were discussed. With help 
of simulations performed for a boiling water reactor, similar to the Fukushima type, the accident 
progression was discussed in more detail. From an operational point of view the main phenomena 
occurring during the early phase of the accident as well as the possibilities for countermeasures and 
their effect on the accident progression were additionally assessed. The results from such simulations 
provided the necessary information for a better understanding of the complex physical and thermal-
hydraulic process in a boiling water reactor, which can lead to core uncover and heat up, and if 
unmitigated, finally to core degradation and core melt. 

 

4.2 On the Safety Evaluation Methodology Applied in Germany after the Fukushima Event 

B. Merk, S. Kliem, HZDR 

The presentation gave an overview on the safety evaluation methodology applied in Germany after 
the Fukushima event. The general idea of the used evaluation methodology has been described, and 
the different evaluation topics based on natural and civilization caused threats were discussed. 
Additionally, the new postulated incidents for the safety evaluation were presented.  

Conclusions were drawn on the applicability of the methodology, originally derived for light water 
reactors, to fast reactors. 

 

4.3 Overview on the IAEA Action Plan on Nuclear Safety 

S. Monti, IAEA 

Mr Monti provided the participants with a general presentation of the IAEA Action Plan on nuclear 
safety. After some remarks on its genesis and the establishment of the team, the following actions 
included in the plan were discussed: 

• Assess safety vulnerabilities of NPPs against extreme natural hazards 
• Strengthen peer reviews 
• Strengthen emergency preparedness and response  
• Strengthen effectiveness of national regulatory bodies 
• Strengthen safety effectiveness of operating organizations 
• Review and strengthen IAEA Safety Standards 
• Improve the effectiveness of the international legal framework 
• Facilitate the development of infrastructure for newcomer countries 
• Strengthen and maintain capacity building 
• Protect people and the environment from radiation after a emergency 
• Enhance transparent & effective communications; improve dissemination of information 
• Effectively utilize Research & Development 
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Mr Monti concluded the presentation providing details on the progress and the next steps foreseen in 
the action plan.  

 

5 Impact of the Fukushima Event on FRs Safety 

5.1 Safety aspects of LMFRs & Objective of the technical meeting 

S. Monti, IAEA 

The presentation gave an overview on the general framework of fast reactors safety, describing the 
main safety characteristics of liquid metal-cooled fast reactors, the safety design approaches, the 
inherent safety features. 

The main lessons learned from the Fukushima accident and their applicability to the design of 
innovative fast reactors concepts were analyzed and discussed. In particular, the need of the following 
actions emerged from the analysis of the Fukushima accident: 

1. Strengthen preventive measures against a severe accident 

2. Enhancement of measures against severe accidents 

3. Enhancement of nuclear emergency response 

4. Reinforcement of safety infrastructure 

5. Raise awareness of safety culture 

After the discussion on fast reactors safety and on the impact of the Fukushima accident on the design 
of future concepts, Mr Monti presented the scope and the main objectives of the technical meeting.  

Concluding his presentations, Mr. Monti gave an overview on IAEA activities in the field of fast 
reactor safety. In particular he described the on-going and new coordinated research projects, the 
forthcoming Topical Technical Meetings in the field of fast reactors and the related technical 
publications.  

Information on IAEA activities and initiatives related to fast neutron systems can be found at: 

http://www.iaea.org/NuclearPower/FR/ 

http://www.iaea.org/NuclearPower/Technology/TWG/TWG-FR/ 

 
5.2 SFR Safety considerations 

J.P. Glatz, European Commission 

The European Programme for the future development of nuclear energy is implemented in the 
framework of the Sustainable Nuclear Energy Technology Platform (SNETP) and one of its key 
elements the European Sustainable Nuclear Industrial Initiative (ESNII), whose main three pillars are: 

• maintain safety and competitiveness of today’s technologies;  

• enlarge the nuclear fission portfolio beyond electricity production; 

• develop advanced reactors with closed cycle to enhance sustainability; 

A summary of the main EU projects for the development of innovative nuclear energy systems, in 
particular for fast reactors technology with enhanced safety and reliability, was provided by Mr Glatz. 
One of the main projects is the ESFR (European Sodium Fast Reactor), aimed at the development of 
industrial scale sodium-cooled fast reactor technology. Relevant safety features of the ESFR were 
summarized: 

• the ESFR system has the potential to be highly reliable and achieve forced outage rates as low 
as LWRs;  
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• important reduction in routine radiological exposure to plant personnel in comparison with 
LWRs. Routine exposures are likely to be lower in fast reactor plants due to greater 
confinement and lesser degree of activated corrosion products;  

• radiological exposure from accidents is reduced in SFRs, due to unpressurized primary and 
secondary heat transport systems; 

• power and temperature coefficients are inherently negative. 

The broad efforts devoted to enhance safety of SFR include: 

• analysis and experiments that support approaches and assess performance of specific safety 
features; 

• development and verification of computational tools and validation of models employed in 
safety assessment and facility licensing, and  

• valorization of reactor operation, from experience and testing in operating SFR plants.  

Mr Glatz concluded the presentation discussing main issues related to the impact of the Fukushima 
accident on the future European nuclear energy activities and projects. 

 
5.3 SARGEN_IV: Proposal for a harmonized European methodology for the safety assessment of 

innovative reactors with fast spectrum planned to be built in Europe 

D. Blanc, IRSN, France 

The European Sustainable Nuclear Industrial Platform (ESNII) was launched in November 2010 
inside the European Technology Platform (SNETP) to anticipate the development of a fleet of fast 
reactors with closed cycle. 

Inside the six concepts proposed by the GIF, ESNII supports: 

•  as a reference technology, a SFR prototype (electric power from 250 to 500 MW)  

•  as alternative technology: 

o LFR demonstrator (thermal power of about 100 MWe) 
o GFR demonstrator (thermal power from 50 to 100 MW) 

In addition ESNII support MYRRHA, the LFR European Technology Pilot Plant (ETPP) in the range 
50-100 MWth expected in full operation in 2023. 

The harmonization of the different methodologies is a crucial issue to develop a consistent assessment 
platform which can be used effectively in the decision making process on acceptability of different 
innovative reactor types. In this context, the SARGEN_IV (Safety Assessment for Reactors of GEN 
IV) was proposed for the European Commission 7th Framework Programme EC FP7. It aims at 
providing a proposal for a harmonized European methodology for the safety assessment of innovative 
reactors with fast spectrum planned to be built in Europe. 

The SARGEN_IV project was established completely oriented to the safety assessment with gathering 
the skills of designers, R&D organisations and organisations implied in the safety assessment. In 
order to not interfere with the decision making, it was chosen not to have Safety Authorities in the 
consortium.  

 
5.4 The INPRO methodology and collaborative projects related to fast reactor cooling 

L. Meyer, IAEA, INPRO 

The International Project on Innovative Nuclear Reactors and Fuel Cycles (INPRO) was initiated in 
2000 to help ensure that nuclear energy is available to contribute, in a sustainable manner, to meeting 
the energy needs in the 21st century. INPRO provides a forum for discussion and cooperation for 
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experts and policy makers from industrialized and developing countries on sustainable nuclear energy 
planning, development and deployment.  

INPRO developed a set of basic principles, user requirements and criteria together with an assessment 
method, which comprise the INPRO methodology for the evaluation of innovative nuclear energy 
systems. The Nuclear Energy System Assessment (NESA) using the INPRO methodology is a holistic 
approach, which evaluates all nuclear facilities in a given nuclear energy system (NES), from mining 
through to the final end states for all wastes and permanent disposal, during their complete lifecycle, 
i.e. design, construction, operation and decommissioning, and in seven assessment areas, i.e. 
economics, infrastructure, waste management, proliferation resistance, physical protection, 
environment and safety. A NESA can be performed both by countries with established nuclear 
programmes and by nuclear ‘newcomers’. The assessment allows them to consider possible future 
nuclear systems in a comprehensive manner to determine whether or not such systems would meet a 
country’s sustainable development objectives.  

In the assessment area ‘safety of nuclear reactors’ four basic principles have been defined based on 
the IAEA Fundamental Safety Principles and utility requirements. These basic principles and user 
requirements are generic requirements, which apply to all reactor types, such as GEN-III and GEN-
IV, and consequently to Fast Reactors as well. The Fukushima accident did reveal little new aspects 
which should be included in the INPRO methodology. Nevertheless, the INPRO methodology and 
NESA support package are permanently improved and updated based on lessons learned from 
performed national nuclear energy assessments. Also, the post-Fukushima stress tests performed in 
different countries and the IAEA Action Plan for Nuclear Safety will be analyzed to find opportunities 
to improve the methodology. 

One of the aims of INPRO is to develop options for enhanced sustainability through promotion of 
technical and institutional innovations in nuclear energy technology through collaborative projects 
among IAEA Member States. Collaboration among INPRO members is fostered on selected 
innovative nuclear technologies to bridge technology gaps. Collaborative projects have been selected 
so that they complement other national and international R&D activities. 

Regarding the cooling of Fast Reactors INPRO has conducted two Collaborative Projects in the past 
three years: 

• “Integrated Approach for the Modeling of Decay Heat Removal (DHR) System for Liquid 
Metal Cooled Reactors”. The analysis of safety grade decay heat removal system of an LMFBR 
under natural convection condition including the effect of inter-wrapper flow heat transfer has 
been carried out under the collaborative project by China, EC/JRC-IE, India, Korea and Russia. 
The specific objectives of the benchmark were to develop matured analysis methodologies of 
pool hydraulics, heat transfer in heat exchangers and inter-comparison of results. 

• “Investigation of Technological Challenges related to the Removal of Heat by Liquid Metal and 
Molten Salt Coolants from Reactor Cores Operating at High Temperatures”. The collaborative 
project addressed the following fields of research regarding liquid metal and molten salt 
coolants: (i) survey of thermo-physical properties; (ii) experimental investigations and 
computational fluid dynamics (CFD) studies on thermal-hydraulics, specifically pressure drop 
and heat transfer under different operating conditions; (iii) monitoring and control of coolant 
chemistry; and (iv), interaction between coolant and structure materials. 

 

6 Presentations by Member States’ Representatives 

6.1 Overview on the Research Activities on Helmholtz-Zentrum Dresden-Rossendorf 

R. Sauerbrey, HZDR, Director 

The Helmholtz-Zentrum Dresden-Rossendorf research centre, member of the Helmholtz Association, 
was founded on 1992 and it is located in Dresden.  

The scientific activities are mainly organized in six research fields: 
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• Energy 
• Earth & Environment  
• Health 
• Key Technologies 
• Structure of Matter 
• Aeronautics, Space and Transport 

The research Centre is strongly involved in the field of nuclear safety; more specifically, the 
following areas are currently investigated: 

• Safety research for nuclear waste disposal 
• Transmutation 
• Safety research for nuclear reactors 

The activities in these fields are carried out through both analytical and experimental research 
activities. Several experimental facilities are available in the research Centre, 

Future developments of the research Centre include the following new projects: 

• Centre for High Power Radiation Sources - for research on matter under extreme conditions 
• Extension of the Dresden High-Magnetic Field Laboratory  
• DRESDYN - European platform for dynamo experiments and thermo-hydraulic studies with 

liquid sodium 
• Centre for Radiopharmaceutical Cancer Research - new research platform integrating and 

expanding the experimental infrastructure) 
 
6.2 Lessons learned from Fukushima accident as regards the safety approach of the ASTRID project 

at conceptual design stage 

P. Lo Pinto (CEA), B. Carluec (AREVA), J.F Sauvage (EDF) 

When the Fukushima accident occurred, project of ASTRID reactor was just at the beginning of the 
conceptual design stage. The analysis performed on the Fukushima situation has been focused on the 
feedback useful to settle the safety approach while the design options are still open. 

It was decided also to consider the recent issues from the complementary assessment of the existing 
French nuclear facilities, required by the French nuclear safety authority, in particular the conclusions 
that could lead to new safety regulations in the future.  

In the frame of the ASTRID project, the lessons rising from the analysis of Fukushima event and the 
impact on design safety approach are structured as follows: 

• Safety questions raised by Fukushima accident regarding the combination of extreme natural 
hazards and resulting accidental situations. These questions concern both the design basis 
domains and the design extension conditions, including capability for post-accident actions. 
Such actions could have to be done in a hostile environment. 

• Implementation, in the ASTRID project, of the conclusions issued by the French nuclear safety 
authority relating to the existing French nuclear facilities. 

• Based on the two previous items, definition of the related impact on the design safety 
orientations for ASTRID. 

• Preliminary assessment for establishing a “hardened safety core” among the safety design 
provisions of ASTRID: principle to determine the “hardened safety core” equipments and their 
specific design approach. 

The safety orientations considered in the design development of ASTRID, as a feedback from 
Fukushima accident, are mainly devoted to answer at the first issue: “a situation even if considered as 
not plausible can occur if physically possible”. The deterministic safety approach should then be able: 

• to prevent by design severe conditions, with multiple failures due to common mode in 
particular from natural hazards, which could lead to a core disruptive accident; 
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• to allow mitigation of the potential consequences of a severe accident, whatever the initiating 
sequences, first by design provisions and secondly by post-accident actions.  

In practice, the inherent behavior of a SFR brings out some advantages facing accidental situation 
similar to Fukushima situation (i.e. blackout, loss of heat sink), in particular thanks to the natural 
convection capability of the coolant and the use of air as heat sink. 
 
6.3 Overview of the R&D program in support to ASTRID project – Influence of Fukushima-Daichi 

Event 

N. Devictor, CEA, France 

In the framework of the French Act of the 28th of June 2006 about nuclear materials and waste 
management, a GENIV and actinides incineration demonstration prototype will be commissioned in 
the 2020 decade. A prototype, called ASTRID (Advanced Sodium Technological Reactor for 
Industrial Demonstration) is proposed to demonstrate the progress made in SFR technology on an 
industrial scale by qualifying innovative options, some of which still remain open in the areas 
requiring improvements, especially safety and operability. 

The presentation resumed the R&D programme led currently in support to the selection of ASTRID 
options (in relationship with AREVA and EDF and partly funded by them), particularly on the 
following topics: 

• core design with the objective of improvement of its intrinsic behaviour in case of events with 
or without scram, development of innovative third shutdown system, and improvement of 
monitoring (in-core neutronic monitoring, detection of local core damage, core geometry 
monitoring, or sodium boiling detection), 

• improvement of the performances of decay heat removal systems, and development of an 
efficient DHR system through the reactor vessel, 

• development of innovative fuel handling systems and energy conversion systems (especially 
gas energy conversion system), 

• development of a strategy in support to the limitation of core degradation consequences, 
including the R&D in support to the development of core catcher. 

This R&D programme takes into account the feedback of experience of past reactors and SFR 
projects, but also the evolution of the R&D programme after the Fukushima accident. 

A lot of items from analysis of Fukushima accident are technological neutral, and part are related to 
for instance (not comprehensive list) to the identification of combination of hazards and the definition 
of margin to cliff edge effects. 

R&D axis have identified to be reinforced, especially severe accidents, sodium risks, ISIR (integrity 
of primary containment for maintaining Na inventory), material (behavior at high temperature, 
emissivity). 

And new R&D axis have been identified as instrumentation suitable for accidental conditions, and 
severe accident management: development of a « state-oriented approach » suitable for SFR. 
 
6.4 IRSN preliminary considerations of the Fukushima event impact on the GEN-IV reactors 

D. Blanc, IRSN, France 

IRSN performed at the end of 2011 complementary safety assessment (CSAs) to analyze the impact 
of the Fukushima event of the French nuclear installations on the basis of the specifications of the 
stress tests requested by the ENSREG. 

Mr Blanc presented the “ hardened safety core” concept corresponding  to structures, systems and 
components (SSCs) enabling, in all considered scenarios and in addition to the current safety 
provisions., the control of the three fundamental safety functions (reactivity control, heat removal and 
containment of radioactive materials). This concept was one of result the CSAs issues. 
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Mr Blanc presented also the IRSN preliminary considerations of the impact of Fukushima events on 
the six concepts of reactors proposed by the Generation IV forum (GIF) with proposals for some          
“hardened safety core”. These events include: 

• Earthquake 
• Flood 
• Loss of electric power supply 
• Loss of heat sink 
• Severe accident management  

 
6.5 Recriticality, a key phenomenon of CDA Scenarios 

W. Maschek, A. Rineiski, KIT, Germany 

The earthquake and subsequent tsunami on March 2011 led to a station blackout and the loss of all 
control systems at the Fukushima Dai-ichi nuclear power plant. With the loss of the cooling 
capabilities, the decay heat and exothermal oxidation processes led to a core meltdown in the three 
boiling water reactors on line, accompanied by hydrogen explosions and mechanical energy release. 
Modern light water reactor designs with their advanced active and passive safety features should have 
survived the Fukushima event. The safety performance and the plant behaviour under core melt 
conditions in case of failure of major safety systems have to be assessed in detail. In this context it is 
also of interest what severe accident scenarios leading to a core melt would mean for future Fast 
Reactor (FR) designs. Significant efforts, in both prevention and mitigation, are invested in new 
projects to fulfil the ambitious safety goals. 

FRs are unique as they represent a sustainable energy source. The sodium-cooled fast reactor (SFR) 
has the most comprehensive technological basis because of the vast experience with operating 
systems. The focus will therefore be on this reactor type. Fast system reactor cores as the SFR are not 
designed in the most reactive configuration. Under core disruptive conditions with fuel melting, the 
fuel might compact, prompt criticality might be achieved and a severe power excursion with 
mechanical energy release might be the consequence. Recriticalities represents an inherent feature of 
such reactors. The core disruptive accident (CDA), coined ‘Bethe-Tait’ accident, has therefore 
traditionally played a significant role in the safety assessment of sodium cooled fast reactors. The 
failure to remove the decay heat was a key issue in the Fukushima event. To manage the decay heat 
problem not only the natural convection paths have to be guaranteed after failure of the active 
measures but also the decay heat source locations and levels have to be known. This is of special 
importance, if fast reactors should manage waste and would be loaded with Minor Actinides (MAs). 

The presentation mainly focused on the recriticality and decay heat issue. Design measures were 
discussed to cope with the recriticality risk and the increased heat load by MA fuel. 
 
6.6 Seismic capacity of 500 MWe PFBR beyond safe shutdown earthquake  

S.D. Sajish, IGCAR, India 

The 500 MW(e) Prototype Fast Breeder Reactor (PFBR) which is in the advanced stage of 
construction in Kalpakam, Tamil Nadu, India, is situated in a low seismic area. Seismic design of 
PFBR is carried out based on the site dependent ground motion parameters, which are established, 
based on deterministic methods, and confirmed by probabilistic seismic hazard analysis. The peak 
ground acceleration (PGA) for the safe shutdown earthquake (SSE) for the Kalpakkam site is 
conservatively determined as 0.156 g. Due to the design features of the reactor components, inherent 
safety margins are available for these components to meet any demand beyond a design basis 
earthquake scenario. This paper gives an overview of the seismic design of various safety related 
components of PFBR and review the safety margins available for these components to meet any 
demand due to a beyond design basis earthquake event.  

Seismic design of the safety related Structures, Systems and components (SSC) of PFBR are done 
based on detailed seismic analyses for OBE and SSE. The floor response spectra are generated from 
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the seismic analysis of the Nuclear Island Connected Buildings (NICB), using the 3D finite element 
model of the entire NICB by considering the effect of the Soil Structure Interaction (SSI) by 
appropriately placing the soil springs with specified stiffness values. 

Seismic qualification of various systems and components of PFBR such as reactor assembly and heat 
transport systems are carried out by detailed analyses either by time history or response spectrum 
methods. The seismic qualification of  electrical, electronic and mechanical equipments, whose 
functionality needs to be demonstrated in addition to the structural integrity are carried out by shake 
table tests using the simulated earthquake ground motion in the triaxial directions. The present paper 
focus the qualification methodology adopted for safety critical systems of PFBR. 

The seismic response of the reactor assembly components are rather complex due to the complex fluid 
structure interaction effect on the coaxial thin cylindrical shells due to the presence of liquid sodium. 
To study the seismic behavior of the reactor assembly components, finite element model of RA is 
made using axi-symmetric shell elements along with fluid elements to simulate fluid structure 
interaction. Stress intensities of various components of the RA considered in the analysis. Analyses 
indicate that, sufficient margin is available for the reactor assembly components for the design basis 
earthquake level.  

The presence of annulus liquid in the small gap between the coaxial shells contributes significant 
added mass to the adjacent shells. These circumstances call for the demonstration of the buckling 
strength of these thin vessels under seismic loading. The investigation calls for sophisticated analysis 
methodologies to determine realistic dynamic forces including pressure distributions on the vessel 
walls. 3 D buckling analysis considering the effect of plasticity and geometrical imperfections has 
been carried out to determine the load factor under OBE and SSE loading. Based on elasto-plastic 
analysis, the load factors for various vessels are estimated along with available margin for various 
components corresponding to a factor of safety of 1.3 for SSE. 

Preliminary assessment on the seismic capacity of PFBR to withstand an earthquake event beyond the 
design basis earthquake, based on the results available from the seismic response analyses of 
structures systems and components indicate that PFBR can withstand an earthquake of 1.4 times more 
than the SSE without crossing the design basis safety limits. For reactor assembly components, by 
reviewing the seismic analysis results for the failure modes corresponding to the plastic deformation 
and buckling, it is evident that stress intensity in the main vessel is controlling the seismic capacity of 
RA with a safety margin of 1.41 on the SSE loads. Based on the study, it is concluded that PFBR can 
withstand a an earthquake of peak ground acceleration value of 0.22 g (0.156 g×1.41) without 
crossing any design basis safety limits. 
 
6.7 The European Lead Fast Reactor: design, safety approach and safety characteristics 

A. Alemberti, Ansaldo Nucleare, Italy 

The Generation IV International Forum (GIF) member countries identified the six most promising 
advanced reactor systems and related fuel cycle as well as the R&D needed to establish the feasibility 
and performance capabilities of the next generation nuclear energy systems as Generation IV. 

Among the promising reactor technologies for fast reactors being considered by the GIF, the LFR has 
been identified as a technology with great potential to meet the goals of increased safety, improved 
economics for electricity production, reduced nuclear wastes for disposal, and increased proliferation 
resistance. 

Ansaldo Nucleare, with its past experience on fast reactors, is promoting research and development of 
a pure lead-cooled fast reactor as the coordination of the ELSY and LEADER projects (Lead-cooled 
European Advanced Demonstration Reactor) funded by the European Commission in the frame of the 
6th and 7th framework programs, respectively. The LEADER project aims at the development to a 
conceptual level of a Lead Fast Reactor Industrial size plant and of a scaled demonstrator of the LFR 
technology (ALFRED). The project started from the results achieved in the ELSY project, during 
which a pre-conceptual design of an industrial plant (600 MW(e)) was developed. 
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The open issues and the safety concerns emerged during the previous projects, have been analyzed in 
the LEADER project and a new set of design options and safety provisions proposed, in order to 
define the reference ELFR industrial plant configuration. Moreover, a global approach to safety for 
the LFR systems, has been developed on the basis of the recommendation of the Generation IV 
International Forum (GIF) Risk and Safety Working Group (RSWG) and taking into account the 
fundamental safety objectives and the Defence in Depth approach, as described by IAEA Safety 
Guides, as well as the Safety quantitative objectives reported in the European Utilities Requirements 
(EUR). 

The presentation summarized the design status of the ELFR plant, with particular reference to the 
safety aspects. The main challenges to the fundamental safety functions for a lead fast reactor were 
described and the safety provisions implemented in the design of the ELFR for each level of Defence 
in Depth were reported. The adopted safety approach was briefly described and the main safety 
characteristics, based on the adoption of passive safety systems allowed by the intrinsic properties of 
lead coolant and specific design features, were presented. 
  
6.8 Analysis of long-term DHR system performance for an LMR 

L. Burgazzi, ENEA, Italy 

This presentation discussed the studies on the “practical elimination” approach of situations 
considered to be unacceptable, that might lead to major early radioactive releases into the 
environment, specifically as regards the complete and timely unlimited failure of the DHR (Decay 
Heat Removal) function for the ESFR (European Sodium Fast Reactor). 

The practical elimination of this situation is addressed via a demonstration showing that the associated 
risk becomes negligible and the probabilistic safety goals are met. 

In order to demonstrate the non-credibility of the event concerned with the failure of the DHR 
function, this study reports the safety and reliability assessment of a special system designed for decay 
heat removal of the European Sodium Fast Reactor.  

The outcome of the analysis shows the unsuitability of design measures, in terms of system 
redundancies and diversification, to meet the safety requirements of a target frequency of less than 
1.0E-7/ry. 

The results are related to the level of definition of the design, as made available in the referenced 
documents: additional safety analysis will be required as soon as a more detailed design is available, 
in order to improve the present assessment and reach a final assessment. 

The results of the quantification process don’t give credit to the assumption of non-credibility of the 
accident: it is clear that the uncertainties associated with the reliability analysis and the 
conservativeness of the analysis play an important role in the assessment of the reliability figure. 

Finally, an important lesson elicited from the analysis is that measures against Common Cause 
Failures (CCFs), especially with regard to active components like dampers and fans, can significantly 
reduce the risk related to the failure of the system. 
 
6.9 Prevention and mitigation of severe accidents through LFR core design 

G. Grasso, ENEA 

The accident at the Fukushima-Daiichi NPP provided evidence of several killing issues, referable 
mainly to two causes: the Complete Station Black-Out, which caused unavailability of plant data, 
inoperability of active systems and impossibility of remote actuation; and the long timing of the 
accident evolution, which caused the running out of cold tanks and the saturation of heat storing 
capacity. 

Besides the peculiarities of the Fukushima events, the main lessons learned for future reactors design 
can be summarized in two general statements: 
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• an accident sequence may be more complex, or lasting-in-time than foreseen; 

• the impossibility of actuating countermeasures properly, or in due time, must be accounted for. 
Even in case of a “perfect” implementation of the nuclear safety culture at large (that is: no 
matter the education, training and preparedness of the operators). 

A case study is provided as an example of combination of complex initiating events, impacting also 
on the operators’ ability to control the reactor: a cyber attack to a nuclear facility through virus 
infection (such as at the nuclear plant at Bushehr in Iran, infected by the Stuxnet virus). A cyber 
attack could sabotage indeed a facility into conditions even worse than the ones due to CSBO (lack of 
plant data, reactor control inhibited to operators) by simultaneously introducing errors in logic and in 
the decisions of the operator, as a result of incorrect information. 

Finally, another important impact of the Fukushima events has been on the population: people is no 
more disposed to accept the concept of risk when thinking about a nuclear facility. Which means that 
designers are asked to stress the defense-in-depth philosophy up to guaranteeing that – while we 
cannot eliminate the concept of risk, we can limit it to the utility owing the plant, confining the effects 
of whatever event occurring into the plant within its barriers, as if the plant were “pre-sheltered” from 
its construction. This requirement is moreover explicitly stated in the Generation IV Technology 
Roadmap: “Generation IV nuclear energy systems will eliminate the need for offsite emergency 
response”. 

All these considerations bring to the conclusion that every kind of accident has to be managed 
passively, possibly independently from the ability of the operators to act on the plant. The set up of 
this new safety regime is based upon two pillars: 

• Prevention, in terms of both countermeasures for recovering initiating events and provisions for 
long-term stable cooling, so to conceive a system able at first to passively/intrinsically react to 
every initiating cause, standing all possible conditions (including unprotected transients) up to 
the reaching of the “hot shutdown” (as in LWRs); and then passively (and, possibly, also 
through passively-actuated provisions) manage the cooling of the system preserving its 
integrity in the long-term (as up to the “cold shutdown” in LWRs). 

• Mitigation, with particular attention to provisions to the management of corium so to avoid 
recriticality, while ensuring its cooling to protect structurals containing it. 

In terms of core design, and with specific examples related to the peculiarities of Lead-cooled Fast 
Reactors investigated within the European Union, the implementation of the provisions needed for the 
actuation of the new safety regime impacts on five design goals, listed below. 

Prevention 

• Countermeasures for recovering initiating events: 

1. enhanced negative reactivity coefficients, 

� Core performances – the hard neutron spectrum possible despite the high coolant 
volume fraction in the core, allows for an effective transmutation of MAs (in the so 
called “adiabatic” approach) with no significant detriment to the reactivity 
coefficients, hence with no impact on safety. 

� Passive CR system – the possibility of positioning the Control Rods below the core, 
exploiting buoyancy in lead for their passive insertion, allows also to have their 
partial insertion into the core (instead of extraction) due to differential core 
structures/CR drivelines dilations, adding a further negative contribution (instead of a 
positive one) to the negative reactivity coefficient for axial core dilation. 

� Low active height – since the low moderation and absorption of lead, the reduction of 
the active height (so to tighten the pins lattice, reducing the coolant volume fraction 
in the core) is an effective provision to reduce the coolant reactivity effects. 
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2. passively actuated & operated SCRAM systems, 

� Passive CR system – the lead density can be exploited to have passive insertion of 
CRs into the core by buoyancy, without detriment to the insertion speed by properly 
dimensioning the plenum volume in the rods. 

3. accommodation of transient excursions; 

� Low linear rating – the adoption of low linear power rating introduces wide margins 
to protect fuel against large power excursions. 

� Wide pins lattice – exploiting the high absolute density variation of lead and its low 
moderation and absorption, it is possible to adopt wide pins pitch to rely on natural 
convection even for nominal power removal during unprotected transients, with 
temperatures that allow very long times (many hours) for intervention. 

� Core performances – following the implementation of the adiabatic reactor concept, a 
very low criticality swing (some 0.7 $) is achieved, even along a 2.5 y cycle, which 
implies that Control Rod withdrawal determines moderate variations to core 
temperatures, hence has very limited impact on safety. 

� Coolant void effect – the boiling point of lead (higher the the melting temperature of 
steels) implies wider margins for temperature during transients, easily 
accommodating the peak excursions without incurring in coolant loss, reactivity 
insertion or core damage. 

� Provisions for long-term stable cooling: 

4. design complying with thermal regime for passive heat removal by natural convection. 

� Wide pins lattice – as for in unprotected transients, the long-term cooling can be 
guaranteed through natural convection thanks to the adoption of wide pins pitch, 
again with temperature ranges that allow extremely long grace times (many days). 

� Coolant void effect – the boiling point of lead implies also the accommodation of the 
temperature regimes required to achieve an effective natural response of the core. 

Mitigation 

5. Management of corium for avoiding recriticality and ensuring its cooling 

� Use of MOX fuel – the density of MOX with respect to lead may not only allow the 
physical elimination of fuel sinking scenario, but also provide a sort of “cold melting 
pot” retention of the corium, protecting the structures. 

� Coolant void effect – the exclusion of coolant boiling allows relying on a mean for 
heat removal from the disperded core, whatever physical condition or configuration is 
achieved. 

 
6.10   Impact of the Fukushima accident on current Fast Reactor Monju 

H. Ohira, JAEA, Japan 

The Fukushima Dai-ichi Nuclear Power Station (NPS) contains BWR type Light Water Reactors 
(LWRs) and this type of reactor has the following characteristics; (1) the core cooling is conducted by 
the high pressurized light water, and (2) the reactor has a containment vessel to keep radioactive 
materials in case of the coolant leakage accidents. These characteristics indicate coolant at higher 
pressure than inside the reactor needs to be injected from outside the reactor. If the lower pressurized 
coolant is injected, the pressure in the reactor should be reduced but at the same time the cooling 
capability would be reduced: The countermeasures against accidents in such paradoxical 
circumstances should be kept until reaching a cold shutdown condition. In the present LWRs, power 
supply is a precondition to keep the countermeasures. Therefore, lessons learned from the Fukushima 
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accidents to LWRs are that a proper countermeasure should be conducted so as to keep a precondition 
in order to prevent core disruptive accidents (CDAs). Especially, it is necessary to take urgent 
countermeasures for the station black out (SBO). 

However, Monju (SFR; sodium cooled fast reactor) has the following characteristics; (1) it applies 
lower pressurized liquid sodium which has a high boiling point and this enables to keep the core 
cooling in single phase flow, (2) guard vessels are installed and ducts are layouted in higher position 
to keep sodium level against sodium leakage accidents, and (3) sodium is the chemically active 
material and reacts with oxygen, and also reacts with water to produce hydrogen. In order to prevent a 
CDA, Monju is applied the following design criteria; 

• Two kinds of independent control rod systems, 
• Three kinds of independent auxiliary cooling systems, only one of which enables to remove the 

decay heat, 
• Deployment of guard vessels for main components and higher elevated piping layout to keep 

sodium higher than emergency levels, 
• Second heat transport systems to prevent the core damage from sodium-water reaction, and 
• Countermeasures for sodium leakage. 

Since the Fukushima accident occurred on March 11th, 2011, we have conducted the emergency 
safety countermeasures, the enhancement of safety countermeasures and the plant responses 
simulations for Monju against the SBO induced by tsunami and concluded that the decay heat can be 
safely removed by a natural circulation as far as the sodium flow pass is not damaged. Currently, we 
are also evaluating for severe accident events, for example, not only for the SBO but for the loss of 
ultimate heat sink (LUSH) and these overlapped accidents. 
 
6.11  Safety design criteria for the next generation Sodium-cooled Fast Reactors based on lessons 

learned from Fukushima NPS accident 

T. Sakai, JAEA, Japan 

Fast reactor technology is recognized to be a key solution as a pragmatic and effective energy 
resource in respect of the renewed interests on the nuclear energy option for the fulfilment of the 
universal energy demands of the current and for the future. After the accident at Fukushima Dai-ichi 
Nuclear Power Station (Fukushima NPS) last year, the safety of the nuclear power systems has been 
strongly recognized to be a common issue worldwide. Enhancing nuclear safety with taking account 
of the lessons learned from the Fukushima NPS accident has become the highest and the most urgent 
priority. The light water reactor (LWR) system, which is the same type of the Fukushima NPS, uses 
pressurized water as a coolant under moderated neutron energy spectrum, whereas sodium-cooled fast 
reactors(SFR) uses atmospheric pressure sodium as a coolant under fast neutron energy spectrum. 
These fundamental characteristic differences between the LWR and the SFR result in the differences 
in the event of severe accidents: accident initiator, scenario and consequences. Hence, the safety 
countermeasures to prevent and mitigate severe accidents of the SFR must be based on the different 
approaches from those which applied to the LWR. Those kinds of safety design policy or guidelines 
for SFRs are expected to be established in an international framework with the activity on safety 
related research works. In this paper, preliminary proposals for architecture of the safety design 
criteria as requirements for SFR system and the activities on safety research works to establish safety 
evaluation methods for the next generation SFRs will be explained. 

 

7 Technical Visit to the HZDR Laboratories and Experimental Facilities 

On Thursday, 22 March 2011 (See Annex I) the meeting participants, under the guidance of the 
HZDR staff, visited the research Centre laboratories and experimental facilities.  
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8 Conclusions and Recommendations 

The technical meeting was well received by all the participants. It was also considered very 
interesting for discussing the different safety approach and characteristics of the fast reactors 
developed in the various member states with an active programme on this reactor technology. 

The following common conclusions and recommendations were drawn from the final discussion: 

• Extreme natural events cannot be excluded from the safety assessment. As a consequence, 
events beyond design basis needs to be evaluated addressing in particular cliff edge effects; 

• It should be tried to reach a common understanding of the analysis and lessons learned from the 
Fukushima accident and their impact on the safety approach for FRs; 

• Analysis of the Fukushima accident and its consequences on safety approach for FR 
development is still in progress. Comparison and possible harmonization of the safety approach 
in the different countries will be possible – and welcome – when this analysis will reach a more 
developed stage; 

• On the basis of this comparison, the IAEA should develop and recommend a common safety 
approach and safety standards / guide lines for innovative FRs; 

• Interaction and comparison with the conventional and the other advanced and innovative 
nuclear systems under development as for implication and impact on safety of Fukushima event 
would be beneficial; 

• In any case the Fukushima accident should lead to a reconsideration of the concept of extreme 
natural hazards not limited to earthquakes and tsunamis; 

• Of course the analyses have to take into account the specific safety characteristics of the 
different concepts; 

• As far as the safety characteristics of the innovative FR concepts under development 
worldwide, particular effort should be devoted to: diversification of safety systems, passive 
DHR systems, common mode failures of safety systems (also in the context of PSA), ultimate 
heat sink; 

• Improved knowledge and consideration of extreme natural hazards should lead to enforcement 
of safety and implementation of effective countermeasures also for existing FRs. In particular 
member states operating FRs should revaluate seismicity of the site as well as resistance to 
earthquakes and tsunamis. Even in this case IAEA recommendations should be given; 

• Increased knowledge on severe accidents and consequences come also from advanced 
modelling and simulation;  

• It is of paramount importance to develop suitable instrumentations able to monitor the essential 
safety parameters under severe accident conditions; 

• Synergies between LFR and SFR in the field of advanced instrumentation, safety issues, 
common R&D (for example advanced fuel development), etc. should be further developed. 
Both systems may benefit from common developments and exchange of information1; 

• PSA methodology - addressing aspects like modelling of combination of IEs, passive system 
performance studies, provisions to cope with CCF that could challenge the safety systems 
redundancies - is to be considered for its application possibly within a risk informed approach. 

 

  

                                                      
1 A detailed review of this aspect is available on the HeLiMnet website, follow the link “2nd HeLiMnet 
International Workshop: Liquid Metal Fast Reactors: Issues and Synergies, October 4-7th 2011, Aix en 
Provence” 
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TUESDAY, 20 MARCH 2012  

 

Time Topic Speaker 
Opening Session 

09:00 – 09:45 

• Introductory Remarks  

Mr. B. Merk 
HZDR, Germany 
Mr. S. Monti 
NPTDS, IAEA 

• Self-introduction of participants 
• Appointment of the Meeting Chair 

All Meeting 
Participants 

• Approval of the Agenda Meeting Chairman 

Impact of the Fukushima Event on Nuclear Power 

09:45 – 10:30 • The Fukushima accident: a station black-out and the 
consequences 

Mr. F. Schäfer 
Mrs. P. Tusheva 
Mr. S. Kliem 
HZDR, Germany 

10:30 – 11:00 Coffee Break  

11:00 – 11:45 • On the safety evaluation methodology applied in Germany 
after the Fukushima event 

Mr. B. Merk 
Mr. S. Kliem 
HZDR, Germany 

11:45 – 12:30 • Overview of the IAEA Safety Action Plan 
Mr. S. Monti 
NPTDS, IAEA 

12:30 – 13:30 Lunch  

Impact of the Fukushima event on FRs Safety 

13:30 – 14:00 
• Safety aspects of LMFRs 
• Objectives of the Technical Meeting 

Mr. S. Monti 
NPTDS, IAEA 

14:00 – 14:30 • EURATOM contribution to GIF-SFR and European 
research in the field of nuclear accidents 

Mr. J.P Glatz 
European Commission 

14:30 – 15:00 
• SARGEN_IV: Proposal for a harmonized European 

methodology for the safety assessment of innovative 
reactors with fast spectrum planned to be built in Europe 

Mr. D. Blanc 
IRSN, France 

15:00 – 15:30 • The INPRO methodology and collaborative projects related 
to fast reactor cooling 

Mr. L. Meyer  
INPRO, IAEA 

15:30 – 16:00 Coffee Break  

16:00 – 16:30 • Overview on the research activities of Helmholtz-Zentrum 
Dresden-Rossendorf 

Prof. R. Sauerbrey 
HZDR, Director 

17:00 End of Day 2  
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WEDNESDAY, 21 MARCH 2012 

  

Time Topic Speaker 

Presentations by Member States’ Representatives 

09:30 – 10:15 
• Lessons learned from Fukushima accident as regards the 

safety approach of the ASTRID project at conceptual design 
stage 

Mr. B. Carluec 
AREVA, France 
Mr. P. Lo Pinto 
CEA, France 

10:15 – 11:00 • Overview of R&D in support to ASTRID – Influence of the 
Fukushima event 

Mr. N. Devictor 
CEA, France 

11:00 – 11:30 Coffee Break  

11:30 – 12:15 • IRSN preliminary considerations of the Fukushima event 
impact on the GEN-IV reactors 

Mr. D. Blanc 
IRSN, France 

12:15 – 13:00 • Recriticality, a key phenomenon of CDA Scenarios 
Mr. W. Maschek,  
Mr. A. Rineiski 
KIT, Germany 

13:00 – 14:00 Lunch  

14:00 – 14:45 • Seismic capacity of 500 MWe PFBR beyond safe shutdown 
earthquake  

Mr. S.D. Sajish 
IGCAR, India 

14:45 - 15:30 • The European Lead Fast Reactor: design, safety approach 
and safety characteristics 

Mr. A. Alemberti 
Ansaldo Nucleare, Italy 

15:30 – 16:00 Coffee Break  

16:00 – 16:45 • Analysis of long-term DHR system performance for an 
LMR 

Mr. L. Burgazzi 
ENEA, Italy 

19:00 Meeting Dinner  

 
 

THURSDAY, 22 MARCH 2012 

 

Time Topic Speaker 

09:00 – 09:45  • Prevention and mitigation of severe accidents through LFR 
core design 

Mr. G. Grasso 
ENEA, Italy 

09:45 – 10:30 • Impact of the Fukushima accident on current Fast Reactor 
Monju 

Mr. H. Ohira 
JAEA, Japan 

10:30 – 11:15 
• Safety design criteria for the next generation Sodium-cooled 

Fast Reactors based on lessons learned from Fukushima 
NPS accident 

Mr. T. Sakai 
JAEA, Japan 

11:15 – 11:45 Coffee Break  

11:45 – 13:00 • Discussion  
All Meeting 
Participants 

13:00 – 14:00 Lunch  

14:00 – 16:00 • Technical Visit to the HZDR Laboratories and Experimental Facilities 

17:00 End of Day 4  
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FRIDAY , 23 MARCH 2012 

 

Time Topic Speaker 

Working Session 

09:00 – 10:30 • Working Session: Discussion and Recommendations 
All Meeting 
Participants 

10:30 – 11:00 Coffee Break  

11:00 – 12:00 • Working Session: Drafting of the Summary Report 
All Meeting 
Participants 

Closing Session 

12.00 – 12:30 • Closing Remarks 
Meeting Chairman  
and IAEA 

12:30 End of the Technical Meeting  
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