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Sommario 

Il presente documento descrive lo stato dell'arte sulla tecnologia degli Small Modular 
Reactors (SMRs), con uno studio curato dal CIRTEN (Politecnico di Milano) a valle di una 
serie di incontri scienti'fici internazionali sul tema organizzati dallo stesso Politecnico di 
Milano nel periodo 2011-2012. 
La tecnologia degli Small Modular Reactors è oggi una concreta opzione sostenibile nel 
contesto del dopo-Fukushima e della crisi finanziaria planetaria, specialmente per quei 
Paesi che non detengono alcun impianto nucleare in funzione. 
Considerare la scelta degli SMRs significa pertanto affrontare allo stesso tempo 
problematiche tecniche, di sicurezza ed economiche. 
Lo studio che qui si propone intende affrontare tali aspetti della tecnologia SMR offrendo 
una rassegna aggiornata delle principali offerte presenti sul mercato e sui progetti di 
ricerca attualmente in corso, analizzandone le possibili chiavi di successo sul mercato 
globale per il prossimo futuro. 
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EXECUTIVE SUMMARY 

The document reports the description of the main international meetings attended by POLIMI in the period 2011-2012, 

referred to international collaborations and corresponding contributions on the topic of Small Modular Reactors. 

The four meetings/workshops are: 

 

INTERNATIONAL ATOMIC ENERGY AGENCY 

Technical Meeting on “Options to Enhance Energy Supply Security using NPPs based on SMRs” 

IAEA Headquarters, Vienna, Austria, 3 – 6 October 2011, VIC, Building A: Room A0531 

Scientific Secretaries: M. Hadid Subki (NENP/NPTDS), M. K. Laina (NENP/NPTDS) 

 

INTERNATIONAL ATOMIC ENERGY AGENCY 

Workshop on “Technology Assessment of Small and Medium-sized Reactors (SMRs) for Near Term 

Deployment” 

IAEA Headquarters, Vienna, Austria, 5 - 9 December 2011, VIC, Building M, Room M6 

Scientific Secretaries: M. Hadid Subki (NENP/NPTDS), M. K. Laina (Ms) (NENP/NPTDS) 

 

INTERNATIONAL ATOMIC ENERGY AGENCY 

Consultants’ Meeting on “Incorporating Lessons Learned from the Fukushima Accident in SMR Technology 

Assessment for Design of Engineered Safety Systems” 

IAEA Headquarters, Vienna, Austria, 30 May – 1 June 2012 VIC Building-A, Room A0541 

Scientific Secretary: M. Hadid Subki (NENP/NPTDS) 

 

OECD-NEA 

Committee for Technical and Economic Studies on Nuclear Energy Development and The Fuel Cycle (NDC) 

7th Meeting of the Working Party on Nuclear Energy Economics, 10 November 2011, OECD Headquarters, 2 

Rue André Pascal, 75016 Paris, Conference Centre, Room E 

Secretariat of the Meeting: Jan Horst Keppler, Marco Cometto 

 

The last page of the report includes short info on the Collaboration Agreements between Politecnico di Milano and 

some Small Modular Reactors projects, namely NuScale, FlexBlue and Flibe Energy company. 
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INTERNATIONAL ATOMIC ENERGY AGENCY 

Technical Meeting on “Options to Enhance Energy Supply Security using NPPs based on SMRs” 

IAEA Headquarters, Vienna, Austria, 3 – 6 October 2011 

 

List of the presentations, contributions and discussions 

 
 Objectives of the Meeting and Update of IAEA Programme on 

Common Technology and Issues for SMRs  
H. Subki NENP/NPTDS  

In the past three decades, Nuclear Power Technology Development Section at the IAEA has engaged with its Member 
States activities relating to cross-cutting technology and institutional issues for small and medium-sized power 
reactors. The IAEA ensures the overall coordination of Member State experts participating in SMR activities by 
facilitating the sharing of experience and transfer of knowledge in the field, coordinating efforts of Member States to 
facilitate the development of SMRs by taking a systematic approach to identify key enabling technologies to achieve 
competitiveness and reliable performance of SMRs, and by addressing common issues of deployment. The current 
focus has been on developing international recommendations and guidance on SMRs focusing on specific needs of 
newcomer countries.  

 Featured Presentation #1: Benefits from Integrating SMRs with 
Renewable Energy Resources in Electricity Generation  

Mr. D. Shropshire EC – JRC, Petten, the 
Netherlands  

Nuclear power supports the goals of the European Union low-carbon society by being a dependable source of energy, 
while emitting no CO2. SMRs could supply balancing electricity to even out the supply from renewable resources. 
Current nuclear technology has the capability for a degree of load-following, and future reactors could extend this 
capability through increased flexibility over a wide power range. Strategies for integrating SMRs with wind energy to 
reduce the daily and seasonal power variation are presented. SMRs of various types, sizes, and operational 
conditions could lead to the largest reductions in power variability and highest utilization of transmission resources. 
Technology-SMRs coupled with off-shore wind could cut the power variability of the combined system in half.  

 Featured Presentation #2:The NEOP Approach - Ensuring 
Relevance of Nuclear Technology to the Emerging Users  

Mr. R. Sollychin NEFW/RRS  

A study is required to investigate whether or not nuclear energy’s contribution to world energy usage is really 
increasing. Centralized energy systems are being compared to the locally optimized energy systems. Nuclear energy 
of the populace system (NEOP) treats nuclear energy as part of the locally optimized energy system, in which the role 
of Thorium utilization is deemed essential. NEOP systems can be developed from existing or innovative technologies, 
requiring a shift in paradigm in design, licensing, economic assessment, and so forth. 

 Featured Presentation #3: Potential strategies for utilizing SMRs for 
Combined-Heat-and-Power Generation  

Mr. D. Shropshire EC – JRC, Petten, the 
Netherlands  

A hybrid system of nuclear and renewables offer promising advantages. The current SMR technology can be utilized 
as “plug-in” power sources. The approach can facilitate high utilization and improve capacity factor in an energy 
system for electricity. Transmission infrastructure costs will be shared by both nuclear and renewable plants projects. 
From the operation point of view, the scheme would further reduce power variability from RES, provide energy sink 
for excess wind energy, and produce heat for various applications.  

 Role of Small and Medium Nuclear Reactors (SMRs) to Support 
Nuclear Power Program in Pakistan  

Mr. W. M. Butt PAEC, Pakistan  

The first Nuclear Power Plant of the country started commercial operation in 1972 and this was a 137MWe PHWR. 
Due to non-availability of vendor support, the plant was operated indigenously. This involved all types of engineering 
support to ensure safe and continuing operation of plant. Necessary facilities were developed for supporting the 
O&M of first NPP and providing infrastructure for the future NPPs. At present, two more NPPs (325 MWe PWRs) 
are in operation, two under construction while more in planning phases. The operating experience resulted in 
developing the infrastructure for considering the effective use of SMRs for suiting with the energy requirements of 
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different regions of the country.  

 Application of Small Fast Reactor 4S for Energy Supply Security  Mr. K. Arie Toshiba Corp., Japan  

The small fast reactor, 4S (Super-Safe, Small and Simple) has distinguished features such as enhanced passive safety, 
long refuelling interval and low maintenance requirements as well as high temperature capability and enhanced 
security. Using these features, the 4S is suitable to supply electricity and/or heat for remote area communities, mining 
sites, oil sands recovery, seawater desalination and hydrogen production. In addition, the 4S-based Hybrid System 
along with its enhanced nuclear safety could be a key social infrastructure for energy supply security by combination 
with smart grid, energy storage system, and desalination plant.  

 Update on Slovenia Nuclear Energy Programme  Mr. G. Miroslav Ministry of the 
Environment and Spatial Planning, 
Slovenia  

Slovenia is operating one unit of 700 MWe class two-loop pressurized water reactor made by Westinghouse at the 
Krsko NPP site, which is jointly owned by Croatia. The PWR was the first western nuclear power plant in eastern 
Europe. The construction of the plant was started in 1975 and the plant was connected to the grid in 1981, followed 
by the commercial operation in 1983. Replacement of the two steam generators was done in 2001 and the plant was 
uprated 6% then 3% subsequently. The reactor has 40 years operational life, but a 20-year extension is being 
pursued.  

 INPRO Methodology for Nuclear Energy System Assessment and 
Activities on Technology Assessment for Future Nuclear Energy 
System  

Mr. R. Beatty NENP/INPRO  

INPRO has developed a methodology to assess sustainable nuclear systems on national, regional and global levels, 
consistent with the goals set out in its basic principles. With the methodology, Member States understanding has 
improved that the implementation of nuclear energy requires a holistic approach and a long range review. INPRO 
supports countries developing new nuclear energy capacity to consider technology assessment activities as they 
develop their nuclear system deployment plans.  

 Integrated Nuclear Infrastructure Development Programme for 
Newcomer Countries  

Mr. D. Kovacic NENP/INIG  

The Integrated Nuclear Infrastructure Development Programme adopts the Milestones approach, which identifies 
gaps and helps Member States develop the national infrastructure to implement their first NPP based on the existing 
nuclear reactor technology. It deals with key infrastructure issues for newcomer countries and provides guidance for 
understanding the nuclear power option and issues associated with its long-term national and international 
commitments.  

 IAEA’s Approaches to Assess Environmental Impacts due to 
NPP operation  

Ms. A. Miketa NENP/PESS  

Planning and Economic Studies Section at the IAEA assists Member States in capacity building, so the countries 
have inherent capability to perform analysis and develop alternative strategies to achieve sustainable energy supply, 
to evaluate the energy-economic-environmental implications, and to assess the potential contribution of nuclear 
energy in securing affordable and clean supplies of energy. To date, the IAEA has developed and made available to 
its Member States various Energy Analysis and Planning tools for the assessment of nuclear energy contribution in 
country’s national energy mix, and to provide justification for introduction of nuclear power, and helped establish 
national position that covers social, economic, environmental aspects.  

 Potential Contributions of Modular HTGRs to Energy Supplies in 
China  

Mr. Y. Sun INET – Tsinghua 
University, China  

Nuclear energy is a practical energy source which can help to ease the challenge of energy supply security and 
power generation. China has already been implementing a nuclear power program. A large number of nuclear 
power plants are being operated, constructed or under planning. The graphite moderated high temperature gas-
cooled reactor (HTGR) has been under development in China for the past decades and the first demonstration plant 
is under construction. The modular HTGR technology has unique features such as high temperature and inherent 
safety characteristics that apart from power generation enable supplying process heat at various temperature levels. 

 The Development of Small and Medium Reactors (SMRs) in China  Mr. S. Cui Huaneng Nuclear Power 
Development, China  
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Although the Fukushima nuclear accident has not reversed China’s decision to develop nuclear power for satisfying 
the growing demand for electricity, it made the Chinese government elevate the safety standard for nuclear power 
plants. Under these circumstances, SMRs featuring safety, flexibility and compatibility to the grid begin to draw 
wide attention. Currently, SMRs under development in China include PWR type CNP, CANDU reactor, HTR 
(including High Temperature Gas-Cooling Reactor, HTGR), Fast Neutron Reactor and Nuclear Heating Reactor. 
China has given importance to the development of HTR, and has launched a demonstration project of 200MW 
HTGR in Shidao Bay. The project is run by China Huaneng Group. 

 Technology Development, Design and Utilization Features of 
SVBR-100 and its Deployment Scheme  

Mr. S. Borovitskiy JSC AKME 
Engineering, Russian Federation  

SVBR-100 is an integral, modular, small sized fast reactor with the net electrical power of 100 MW, designed both 
for newcomer as well as expanding nuclear countries. The reactor has been developed since 2009 by the JSC AKME 
Engineering, a joint venture of Rosatom and EuroSibEnergo in collaboration with other established institutions. The 
SVBR-100 design takes advantage of 80 reactor-year experience in the operation of small lead-bismuth cooled 
reactors for nuclear submarines. The small fast reactor adopts up to 9 years fuel cycle that allows a significant 
reduction of natural uranium consumption.  

 Technology Development, Design and Utilization Features of IRIS 
and its Deployment Scheme  

Mr. M. Ricotti Politecnico di Milano, 
Italy  

The first 10 years of the IRIS project will be presented, summarizing its technical achievements and influence on the 
resurgence of SMRs. IRIS is one of several small reactor concepts originated in late 1990s. The reactor design 
incorporates a number of novel technology advancements that it either introduced for the first time, or improved from 
its predecessors to bring them into a higher technical level.  

 Major findings of the INPRO project on Legal and Institutional 
Issues for Transportable NPPs and possible follow-up activity  

Mr. V. V. Kuznetsov NENP/INPRO  

A Transportable Nuclear Power Plant (TNPP) is a factory manufactured, transportable and relocatable NPP that 
when fuelled is capable to produce final energy products like electricity, process heat, and so forth. The deployment 
of TNPP could face new legal issues in the international context, related for instance to obligation and responsibility 
of the operators to comply with international legal instruments as well as with IAEA safety standards and security 
recommendations. The INPRO project on the subject has studied legal and institutationl issues for TNPP deployment 
and to propose solutions to address the identified challenges.  

 Malaysia Energy Policy: New Role to Malaysia Nuclear Agency  Mr. M. Rawi Malaysia Nuclear Agency, 
Malaysia  

The previous and current status of the Malaysia Energy Policy will be discussed. The Malaysia Energy Policy in the 
tenth Malaysia Plan emphasizes on the nuclear power as an energy option for Malaysia and the new role for the 
Malaysian Nuclear Agency in supporting the National Nuclear Power Programme. The Malaysian Government has 
formulated the first National Energy Policy in 1979, with three objectives: (1) sustainable energy supply, (2) 
optimum utilisation and (3) environmental preservation. The environmental objective is about securing that factors 
pertaining to environmental protection are not neglected in pursuing the energy supply and utilisation objectives.  

 Prospects of SMRs in Indonesia’s Energy System  Ms. C. Johari, Mr. S. Soenarko 
NENP/INPRO and INIG  

Indonesia possesses unique features that present opportunities to incorporate SMRs in the national energy system 
for the introduction of electricity, and possibly co-generation, in small islands, given the fact that nuclear energy is 
already part of the national energy mix policy. Recent study indicates that SMRs are a viable option for a capital 
cost of less than US$3,500 /kWe. The deployment of SMRs in such locations, however, poses real challenges with 
regard to issues such as infrastructure development, electricity grid, availability of skilled personnel, emergency 
preparedness, and safety-security-safeguard aspects, and more importantly due to recent Fukushima accident, 
political commitment and public acceptance.  

 Small Sized Reactors: Case for the Asia-Pacific Region  Mr. H. Peimani Energy Studies 
Institute/NUS, Singapore  

The countries of the Asian-Pacific region, suffering from land scarcity and some facing financial restrains and/or 
electricity demand from small scattered energy-consuming locations could benefit from SMRs. As determined by 
their specific geographical, geological and climatic circumstances, a combination of SMRs and renewables 
operating in a well-integrated power grid can address growing electricity requirements without contributing to 
global warming. This kind of systems could be a means to deal with the excessive demand and to replace some of 
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their existing fossil fuelled-power generators; they can also be a measure for combating global warming through 
reducing their current CO2 emissions.  

 Prospects and Constraints of SMR Deployments in Thailand: A 
regulatory perspective  

Mr. P Boonsuwana Bureau of Nuclear 
Safety Regulation, Thailand  

In Thailand, the need for reliable energy sources in response to increased electricity demand makes nuclear power 
an alternative reliable energy option, regardless public opposition due to Fukushima. Large LWR-type-reactors are 
most likely to be approved primarily due to their proven technology and established licensing process. However, 
their construction cost, large footprint and the possibility to produce large-scale accidents make their construction 
less attractive. The SMRs start making economic sense, as they are smaller, cheaper, easier to deploy and probably 
safer than the typical LWRs due to their smaller size and passive safety features. Despite the benefits, concerns that 
SMR technologies are not “proven”, the issues of nuclear proliferation, and the licensing process are perceived as 
challenges.  

 Technical Requirements of Jamaica for Nuclear Reactor 
Technology for Near Term Deployment  

Mr. Z. Mian Office of Utilities 
Regulation, Jamaica  

Jamaica is the largest English Speaking Island economy in the Caribbean with a total land area of about 11 
thousand km2 and a population of 2.7 million. The per capita income is US$ 4,980 (2010). The country is 
determined to reduce its dependency on imported oil by optimizing the potentials of renewable energy. The 
government has created a roadmap towards achieving 20% fuel supply mix shift towards renewable sources. The 
Energy Policy places enhanced reliance on fuel diversification strategy that would rely on natural gas and other 
such fuel in the short- to medium-term. In view of development of SMRs and advancements in nuclear technology, in 
the longer-term Jamaica would have to evaluate the potential role of nuclear options in its overall energy supply 
mix.  

 Technical Requirements of Mongolia for Nuclear Reactor 
Technology for Near Term Deployment (tentative)  

Mr. G. Manlaijav, Nuclear Technology 
Authority, Mongolia  

 Development of New and Renewable Energy in Mongolia 
(tentative)  

Mr. T. Tseren Ministry for Mineral 
Resources and Energy, Mongolia  

 Guideline of Development of NE Series Report on the Subject  Mr. H. Subki – IAEA Mr. D. 
Shropshire – EC-JRC  

 Working Session #1: Development of Outline for the publication on 
the subject  

All – lead by Meeting Chairmen  

 Working Session #2: Development of Terms of Reference, 
Introduction/Executive Summary for the publication  

All – lead by Meeting Chairmen  

 Wrap Up Session, Meeting Conclusion and Action Plan  H. Subki NENP/NPTDS  

 

 

During the meeting, the presentation offered by prof. Ricotti is in the largest part similar to the presentation offered in 

the IAEA Workshop on “Technology Assessment of Small and Medium-sized Reactors (SMRs) for Near Term 

Deployment” (5 - 9 December 2011). The content of the speech is reported in the following section hence is not 

repeated here. 
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INTERNATIONAL ATOMIC ENERGY AGENCY 

Workshop on “Technology Assessment of Small and Medium-sized Reactors (SMRs) for Near Term 

Deployment” 

IAEA Headquarters, Vienna, Austria, 5 - 9 December 2011 

 

List of the presentations, contributions and discussions 

 
• Workshop Outline and Update of IAEA Programme on Common 

Technology and Issues for SMRs 
M.H. Subki  
NENP/NPTDS  

• IAEA Programme on Advanced Nuclear Power Technology 
Development  

T. Koshy SH - NENP/NPTDS  

• IAEA Programme on Reactor Technology Assessment and 
Selection: Process and Approach  

S. P. Schultz  
NENP/NPTDS  

• Technology Development, Design and Safety Features of CAREM-
25 and its Deployment Scheme  

P. Zanocco CNEA, Argentina  

• Technology Development, Design and Safety Features of KLT-40s 
and its Deployment Scheme  

Y. Fadeev OKBM Afrikantov, 
Russian Federation  

• Technical Requirements of Malaysia for Nuclear Reactor 
Technology for Near Term Deployment  

M. Maskin (Ms) MOSTI, Malaysia  

• Technology Development, Design and Safety Features of CNP-300 
and new Small Reactors in China  

Q. Lin SNERDI, China  

• Pakistan’s Experience in Operating CNP-300s and Near Term 
Deployment Scheme  

M. K. Chughtai PAEC, Pakistan  

• Overview of Nuclear Power Infrastructure Preparedness in 
Newcomer Countries  

D. Kovacic, NENP/INIG  

• INPRO Methodology for Nuclear Energy System Assessment and 
Activities on Technology Assessment for Future Nuclear Energy 
System  

R. Beatty  
NENP/INPRO  

• IAEA Safety Assessment Requirements  H. Khartabil NSNI/NSNS  

• Technology Development, Design and Safety Features of SMART 
and its Deployment Scheme  

H.K. Joo KAERI, Republic of Korea 

• Technology Development, Design and Safety Features of mPower 
and its Deployment Scheme  

D.E. Lee Babcock & Wilcox, USA  

• Technology Development, Design and Safety Features of NuScale 
and its Deployment Scheme  

J. N. Reyes NuScale Power, USA  

• Technology Development, Design and Safety Features of 
Westinghouse SMR and its Deployment Scheme  

M. Anness Westinghouse Electric, 
USA  

• Technology Development, Design and Safety Features of IRIS and 
its Deployment Scheme  

M.E. Ricotti Politecnico di Milano, 
Italy  

• A Proposal to Prepare for Introduction of SMR Using Feasibility 
Studies Based on the SUSTINE-NEOP Approach  

R. Sollychin NEFW/RRS  

• Breakout Session #1: Member States Exercise on Technology 
Assessment for Light Water Reactor - SMRs  

Lead by T. Koshy NENP/NPTDS  
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• Technology Development, Design and Safety Features of the 
Enhanced CANDU6 (EC-6) and its Deployment Scheme  

J. Hopwood CANDU Energy, Inc. 
Canada  

• Technology Development, Design and Safety Features of PHWR 
220, PHWR 540, and PHWR 700 and their Operating Performance  

U. Muktibodh NPCIL, India  

• Technology Development, Design and Safety Features of 
AHWR300-LEU and its Deployment Scheme  

A. K. Nayak BARC, India  

• Breakout Session #2: Member States Exercise on Technology 
Assessment for Heavy Water Reactor - SMRs  

Lead by J.H. Choi NENP/NPTDS  

• Technical Requirements of Uruguay for Nuclear Reactor 
Technology for Near Term Deployment  

P. De Lucia Terni (Ms) ANCAP, 
Uruguay  

• Possible Financing Schemes for Current and Near Term Nuclear 
Power Projects  

N. Barkatullah (Ms)  
NE/PESS  

• Technical Requirements of Ghana for Nuclear Reactor Technology 
for Near Term Deployment  

I. Aboh GAEC, Ghana  

• IAEA Programme on Non-Electric Applications coupled with 
Small and Medium-sized Reactors  

I. Khamis  
NENP/NPTDS  

• Member States Exercise on Technology Assessment for Non-Electric 
Applications  

Lead by I. Khamis NENP/NPTDS  

• IAEA Programme on Gas Cooled Reactors Technology  B.M. Tyobeka NENP/NPTDS  

• Technology Development, Design and Safety Features of HTR-PM 
and its Deployment Scheme  

Y. Sun INET, China  

• Technology Development, Design and Safety Features of EM2/GT-
MHR and its Deployment Scheme  

R. W. Schleicher General Atomic, 
USA  

• Member States Exercise on Technology Assessment for Gas Cooled 
Reactor - SMRs  

Lead by B.M. Tyobeka 
NENP/NPTDS  

• Technical Requirements of Indonesia for Nuclear Reactor 
Technology for Near Term Deployment  

M. D. Purwadi BATAN, Indonesia  

• IAEA Programme on Fast Reactors Technology  S. Monti NENP/NPTDS  

• Technology Development, Design and Safety Features of PRISM 
and its Deployment Scheme  

E. Loewen GE Hitachi, USA  

• Member States Exercise on Technology Assessment for Fast Reactor 
/ Liquid Metal Reactor - SMRs  

Lead by S. Monti  

• Newcomer Countries’ Exercise and Feedback Presentations:  

o LWR - SMRs 

o HWR - SMRs  

o GCR - SMRs 

o FR/LMR-SMRs 

o Non-Electric Applications  

Member States and NPTDS 
Technical Leads  

• Closing Remarks  T. Koshy, S/H-NPTDS  
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Breakout Session #1: Member States Exercise on Technology Assessment for LWR - SMRs 

Group  
Room  

A  
M6  

B  
M 0E 67  

C  
M 0E 68  

Technology Developers  Korea – SMART  
Italy – IRIS  
USA – mPower  

Russian Federation – 
KLT-40s  
China – CNP300  
Pakistan – CNP300  

Argentina – CAREM-25  
USA – NuScale  
USA – Westinghouse 
SMR  

Scope of Discussion  Standardization & 
Simplification  
Safety  

Plant performance and 
operability  
Proven Technology  

Economics  
Constructability  

Facilitators:  T. Koshy  
S.P. Schultz  

A.S. Rao  
K. Yamada  

J. Cleveland  
D. Ingersoll  

Newcomer Countries:  Albania  
Algeria  
Indonesia  
Vietnam  

Croatia  
Ghana  
Malaysia  
Sudan  
Singapore  

Bangladesh  
Kenya  
Nigeria  
Thailand  
Uruguay  

 

The invited Group Leads (Rapporteurs) for the LWR – SMRs breakout sessions:  

Group A Lead: Mr. Zaki Su’ud – Indonesia  

Group B Lead: Mr. Zeljko Tomsic – Croatia  

Group C Lead: Mr. Francis Ibitoye – Nigeria 

 

 

The presentation offered by prof. Ricotti during the workshop is reported in the next section. 

The subsequent section (“Newcomer Countries’ Exercise and Feedback Presentation – Group C for LWR - SMRs”) 

shows the results of the Breakout Session #1 and the related discussion and Q&A process, including the contribution 

given by POLIMI on the IRIS SMR concept. 
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INTERNATIONAL ATOMIC ENERGY AGENCY 

Consultants’ Meeting on “Incorporating Lessons Learned from the Fukushima Accident in SMR Technology 

Assessment for Design of Engineered Safety Systems” 

IAEA Headquarters, Vienna, Austria, 30 May – 1 June 2012 

 

List of the presentations, contributions and discussions 

 
• Engineered Safety Features adopted in Advanced SMR Designs for Near 

Term and Future Deployment  
Mr. H. Subki,  
NENP/NPTDS  

• Overview of the IAEA Activities on Severe Accident Management in 
response to the Fukushima Accident 

Mr. M. Kim NSNI/SAS  

• Overview of the Recent International R&D Activities on Reactor Safety  
• INPRO project on Review of Innovative Reactor Concepts for Prevention 

and Mitigation of Severe Accidents  

Mr. L. Meyer NENP/INPRO  

• Applying Lessons-Learned from the Fukushima Accident to Water 
Cooled Reactor Technology Development  

Mr. K. Yamada  
NENP/NPTDS  

• What really happened at the Fukushima Daiichi nuclear Power Plants?  
• Concepts to Enhance Safety Systems’ Performance in SMRs on the Basis 

of Lessons-Learned from the Fukushima Accident  

Mr. M. Aritomi  
Tokyo Institute of Technology, 
Japan  

• Prevention of recurrence of the Fukushima Accidents 
• R&D activities in Japanese universities on reactor safety; advanced study 

on two-phase flow dynamics  

Mr. M. Aritomi  
Tokyo Institute of Technology, 
Japan  

• Evolution of BWR designs and technologies; operating fundamentals; 
suppression-pool containment performance;  

Mr. W. Marquino  
GE Power & Water, USA  

• Advanced concepts of passive safety cooling systems of ESBWR to cope 
with various DBA and severe accidents  

Mr. W. Marquino  
GE Power & Water, USA  

• Design Characteristics and Advanced Safety Features of the AHWR300-
LEU reactor  

Mr. A. K. Nayak  
BARC, India  

• Technical requirements of Newcomer Countries on Reactor Safety; 
R&D activities in PRA of small reactors  

Mr. S. Syarip BATAN, 
Indonesia  

• The Implementation of a Risk-Informed Approach to the Safety Design of 
the IRIS reactor  

Mr. M. Ricotti  
Politecnico di Milano, Italy  

• Design Characteristics and Advanced Safety Features of the SMART 
reactor  

Mr. S. Choi KAERI, Republic 
of Korea  

• Provisions for KLT-40S Reactor Plant Safety Performance under Extreme 
External Hazards  

Mr. I. Bylov and Mr. K. 
Veshnyakov  
OKBM Afrikantov, Russian 
Federation  

• Discussion on the Available Deterministic and Probabilistic Analyses 
Methodologies for Advanced Reactors  

All  

• Consultants Input to the IAEA on identification of safety lessons-learned 
to be incorporated in the design of advanced SMRs of integral water-
cooled reactor type  

All  

• Identification of subjects of near-term and long-term international R&D 
activities in SMR technology development, in the area of advanced 
engineered safety features designs  

All  

• Wrap Up Session, Meeting Conclusions and Action Plan  H. Subki NENP/NPTDS  
• Closing Remarks  T. Koshy, SH-NPTDS  
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      SMR Rev. 0    2012/06/01 

Lessons Learned from Fukushima Accident to Apply to Nuclear Power Technology Development 

Additional Input from the Consultancy on SMR Engineered Safety Features on 30 May- 01 June 2012 
 

Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
1. 

Design 
and 

siting 

External Hazards: 
There is a need to ensure that in 
considering external natural 
hazards:  
• the siting and design of nuclear 
plants should include sufficient 
protection against infrequent and 
complex combinations of external 
events and these should be 
considered in the plant safety 
analysis – specifically those that 
can cause site flooding and which 
may have longer term impacts;  
• plant layout should be based on 
maintaining a ‘dry site concept’, 
where practicable, as a defence-in-
depth measure against site flooding 
as well as physical separation and 
diversity of critical safety systems; 
• common cause failure should be 
particularly considered for 
multiple unit sites and multiple 
sites, and for independent unit 
recovery options, utilizing all on-
site resources should be provided;  
• any changes in external hazards 
or understanding of them should 
be periodically reviewed for their 
impact on the current plant 

IAEA 
Lesson 

1 

1.1 Strengthen measures against 
extreme external events and 
subsequent events 
- Excess of design basis earthquake 
did not cause any known significant 
damage (will apply also to SMRs) 
- Design basis tsunami height is less 
than actual (could apply also to SMRs) 
- Extensive tsunami and explosion 
damage and debris created significant 
logistical difficulties and inhibited 
response actions (could apply, to a less 
extent -H2 explosions could be avoided 
in SMRs- also to SMRs) 
- Repeated earthquakes and tsunami 
threats stopped work on occasions 
(could apply also to SMRs) 
 
 
 
   [Note]     Positive lessons 
                   Negative lessons 
                   Neutral lessons 

A    SMR countermeasures / developments: 
-usually SMRs have small footprint for the 
containment building/main building; some 
SMRs adopt the seismic isolation option; in 
case of re-evaluation of the seismic grade of 
the site (see NRC recommendation), the 
isolators could be re-designed and 
substituted, allowing further flexibility in 
updating the seismic resistance of the 
containment building/main building 
-cliff-edge effects, eg due to tsunami 
exceeding protective walls, can be avoided by 
use of passive safety systems (eg no DG, use 
of air cooling systems, etc.), or by 
incorporating by design suitable solutions 
(water-tight rooms, high elevation for critical 
safety systems outside the main building, H2 
passive recombiners, explosion-proof 
secondary building, etc.) 
 
warnings: 
-in case of underground site (positive solution 
for seismics), water tightness of safety critical 
SSC and access paths (corridors, stairs, 
rooms, etc.) should be ensured 
-in case of safety critical SSC moved to 
higher elevation, other hazards should be 
addressed (aircraft crash, tornadoes, seismics, 
etc.) 
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Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
configuration; and  
• an active tsunami warning system 
should be established with the 
provision for immediate operator 
action.  

 Strengthen measures against 
earthquakes and tsunamis: 
we will consider the handling of 
plurally linked seismic centers as 
well as the strengthening of the 
quake resistance of external power 
supplies. Regarding tsunamis, 
from the viewpoint of preventing a 
severe accident, we will assume 
appropriate frequency and 
adequate height of tsunamis in 
consideration of a sufficient 
recurrence period for attaining a 
safety goal. Then, we will perform 
a safety design of structures, etc. to 
prevent the impact of flooding of 
the site caused by tsunamis of 
adequately assumed heights, in 
consideration of the destructive 
power of tsunamis. While fully 
recognizing a possible risk caused 
by the flooding into buildings of 
tsunamis exceeding the ones 
assumed in design, we will take 
measures from the viewpoint of 
having defenses-in-depth, to 
sustain the important safety 
functions by considering flooded 

Japanes
e 

Govern
ment 

Lesson 
1 
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Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
sites and the huge destructive 
power of run-up waves. 

 Consideration of NPS 
arrangement in basic designs: 
Japan will promote the adequate 
placement of facilities and 
buildings at the stage of basic 
design of NPS arrangement, etc. in 
order to further ensure the 
conducting of robust cooling, etc. 
and prevent an expansion of 
impacts from the accident, in 
consideration of the occurrence of 
serious accidents. In this regard, as 
for existing facilities, additional 
response measures will be taken to 
add equivalent levels of 
functionality to them. 

Japanes
e 

Govern
ment 

Lesson 
7 

      

 Ensuring Protection: 
The Task Force recommends that 
the NRC require licensees to 
reevaluate and upgrade as 
necessary the design-basis seismic 
and flooding protection of 
structures, systems, and 
components for each operating 
reactor. 

NRC 
Recom
mendati

on 2 

      

 Ensuring Protection: 
The Task Force recommends, as 
part of the longer term review, that 
the NRC evaluate potential 
enhancements to the capability to 

NRC 
Recom
mendati

on 3 
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Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
prevent or mitigate seismically 
induced fires and floods. 

 Enhancing Mitigation: 
The Task Force recommends that 
the NRC strengthen SBO 
mitigation capability at all 
operating and new reactors for 
design-basis and beyond-design-
basis external events. 

NRC 
Recom
mendati

on 4 

      

 Impact of Natural Hazards: 
The UK nuclear industry should 
initiate a review of flooding 
studies, including from tsunamis, 
in light of the Japanese experience, 
to confirm the design basis and 
margins for flooding at UK nuclear 
sites, and whether there is a need 
to improve further site‐specific 
flood risk assessments as part of 
the periodic safety review 
programme, and for any new 
reactors. This should include sea‐
level protection. 

ONR 
IR-10 

      

 Seismeic Resilience: 
Once detailed information 
becomes available on the 
performance of concrete, other 
structures and equipment, the UK 
nuclear industry should consider 

ONR 
IR-15 

      



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 73 CERSE-POLIMI RL-1481/2012

 

Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
any implications for improved 
understanding of the relevant 
design and analyses. 

 Extreme External Events: 
When considering the 
recommendations in this report the 
UK nuclear industry should 
consider them in the light of all 
extreme hazards, particularly for 
plant layout and design of safety‐
related plant. 

ONR 
IR-16 

      

 Safety Case: 
All nuclear site licensees should 
give appropriate and consistent 
priority to completing Periodic 
Safety Reviews (PSR) to the 
required standards and timescales, 
and to implementing identified 
reasonably practicable plant 
improvements. 

ONR 
FR-1 

      

 Extreme External Events: 
The UK nuclear industry should 
ensure that structures, systems and 
components needed for managing 
and controlling actions in response 
to an accident, including plant 
control rooms, on‐site emergency 
control centres and off‐site 
emergency centres, are adequately 
protected against hazards that 

ONR 
FR-2 
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    LWR HWR HTGR FR  
could affect several 
simultaneously. 

 Extreme External Events: 
Structures, systems and 
components needed for managing 
and controlling actions in response 
to an accident, including plant 
control rooms, on‐site emergency 
control centres and off‐site 
emergency centres, should be 
capable of operating adequately in 
the conditions, and for the 
duration, for which they could be 
needed, including possible severe 
accident conditions. 

ONR 
FR-3 

      

 External Hazards: 
There is a need to ensure that in 
considering external natural 
hazards:  
• .....;  
• .....;  
• common cause failure should be 
particularly considered for 
multiple unit sites and multiple 
sites, and for independent unit 
recovery options, utilizing all on-
site resources should be provided;  

IAEA 
Lesson 

1 

1.2 Consider issues concerning 
multiple reactor sites and multiple 
sites 
- Benefit from twin units (allowed 
temporary cross connection with 
electrical systems between unit 5 and 
unit 6) (will apply also to SMRs) 
- Unexpected problem from twin units 
(H2 explosion in unit 4) 
- Multi-unit failure caused 
unexpected challenges (may apply also 
to SMRs) 

A    SMR countermeasures / developments: 
-some SMRs are proposed in multiple units: 
some safety related SSC could be designed in 
order to supply endangered units on the site 
 
warnings: 
-multiple SMR units on the same site or in 
the same building have to duly address the 
common cause failure issues and related 
accident management concerns 
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• .....; and  
• .....  

 Severe accidents: 
External events have a potential of 
affecting several plants and several 
units at the plants at the same time. 
This requires a sufficiently large 
resource in terms of trained 
experienced people, equipment, 
supplies and external support. An 
adequate pool of experienced 
personnel who can deal with each 
type of unit and can be called upon 
to support the affected sites should 
be ensured.  

IAEA 
Lesson 

7 
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 Response to issues concerning 

the siting with more than one 
reactor: 
Japan will take measures to ensure 
that emergency operations at a 
reactor where an accident occurs 
can be conducted independently 
from operation at other reactors if 
one power station has more than 
one reactor. Also, Japan will 
assure the engineering 
independence of each reactor to 
prevent an accident at one reactor 
from affecting nearby reactors. In 
addition, Japan will promote the 
development of a structure that 
enables each unit to carry out 
accident responses independently, 
by choosing a responsible person 
for ensuring the nuclear safety of 
each unit. 

Japanes
e 

Govern
ment 

Lesson 
6 

      

 Strengthening Emergency 
Preparedness: 
The Task Force recommends that 
the NRC require that facility 
emergency plans address 
prolonged SBO and multiunit 
events. 

NRC 
Recom
mendati

on 9 

      

 Strengthening Emergency 
Preparedness: 
The Task Force recommends, as 
part of the longer term review, that 
the NRC pursue additional 

NRC 
Recom
mendati
on 10 
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    LWR HWR HTGR FR  
emergency preparedness topics 
related to multiunit events and 
prolonged SBO. 

 Multi-reactor Sites: 
The UK nuclear industry should 
ensure that safety cases for new 
sites for multiple reactors 
adequately demonstrate the 
capability for dealing with multiple 
serious concurrent events induced 
by extreme off‐site hazards. 

ONR 
IR-11 

      

 Ensure power supplies: 
Japan will secure a power supply 
at sites for a longer time set forth 
as a goal even in severe 
circumstances of emergencies, 
through the diversification of 
power supply sources by preparing 
various emergency power supply 
sources such as air-cooled diesel 
generators, gas turbine generators, 
etc., deploying power-supply 
vehicles and so on, as well as 
equipping switchboards, etc. with 
high environmental tolerance and 
generators for battery charging, 
and so on. 

Japanes
e 

Govern
ment 

Lesson 
2 

1.3 Ensure off-site and on-site 
electricity supplies 
- All emergency D/Gs started as 
designed after off-site power loss (will 
apply also to SMRs that use DGs) 
- Location of switchboards low in the 
building with little margin to external 
flooding design level was critical to 
the outcome of the accident (could be 
avoided by SMRs) 
- Complete loss of DC power was not 
considered (e.g. LOCA closure of IC 
AC valves) (could be considered by 
SMRs) 
- Signal was generated by loss of all 
DC power and caused IC valves to 
close (LOCA signal) disabling passive 
systems  (could be avoided by SMRs) 

A    SMR countermeasures / developments: 
-usually SMRs rely on passive safety, thus 
on-site and off-site electricity should not be 
needed for the grace period; DG systems 
could be avoided (at least as safety grade 
systems) 
-SMRs could incorporate since the design 
phase the adoption of "plug-in" 
water+electricity supply, and the adoption of 
renewables+storage systems (?!?) 
 
warnings: 
-the identification of a suitable grace period 
(without need of intervention from operators 
and of electricity supply) should be duly 
addressed 
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 Enhancing Mitigation: 

The Task Force recommends that 
the NRC strengthen SBO 
mitigation capability at all 
operating and new reactors for 
design-basis and beyond-design-
basis external events. 

NRC 
Recom
mendati

on 4 

      

 Strengthening Emergency 
Preparedness: 
The Task Force recommends that 
the NRC require that facility 
emergency plans address 
prolonged SBO and multiunit 
events. 

NRC 
Recom
mendati

on 9 

      

 Strengthening Emergency 
Preparedness: 
The Task Force recommends, as 
part of the longer term review, that 
the NRC pursue additional 
emergency preparedness topics 
related to multiunit events and 
prolonged SBO. 

NRC 
Recom
mendati
on 10 

      

 Off-site Electricity Supplies: 
The UK nuclear industry should 
undertake further work with the 
National Grid to establish the 
robustness and potential 
unavailability of off‐site 
electrical supplies under severe 
hazard conditions. 

ONR 
IR-17 
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 On-site Electricity Supplies: 

The UK nuclear industry should 
review any need for the provision 
of additional, diverse means of 
providing robust sufficiently long
‐term independent electrical 
supplies on sites, reflecting the loss 
of availability of off‐site 
electrical supplies under severe 
conditions. 

ONR 
IR-18 

      

 External Hazards: 
There is a need to ensure that in 
considering external natural 
hazards:  
• the siting and design of nuclear 
plants should include sufficient 
protection against infrequent and 
complex combinations of external 
events and these should be 
considered in the plant safety 
analysis – specifically those that 
can cause site flooding and which 
may have longer term impacts;  
• plant layout should be based on 
maintaining a ‘dry site concept’, 
where practicable, as a defence-in-
depth measure against site flooding 
as well as physical separation and 
diversity of critical safety systems; 
• common cause failure should be 
particularly considered for 
multiple unit sites and multiple 
sites, and for independent unit 

IAEA 
Lesson 

1 

1.4 Ensure design of safety-related 
structures, systems and components 
- All control rods successfully inserted 
(will have to apply also to SMRs) 
- Non-electrically-driven systems (IC, 
RCIC) started as designed (will have 
to apply also to SMRs) 
- Containment vessel integrity was 
lost on all at power units (1,2,3) 
(should be avoided by design by SMRs) 
- Once-through cooling system in a 
damaged reactor creates a large 
amount of radioactive liquid waste 
(could apply also to SMRs) 
- Access to some manual valves was 
difficult due to radiation concerns 
(should be avoided by design by SMRs) 
- If unit 1 IC had been kept in service 
(and water makeup to tanks) the core 
damage would have been delayed or 
avoided 
- Unit 2 and unit 3 would have needed 
to bleed (vent) and feed to avoid core 

A    SMR countermeasures / developments: 
-SMRs can implement since the design phase 
the safety related SSC needed to cope with 
CV integrity, diverse shutdown, core cooling 
and decay heat removal, with positive 
features easily exploitable by SMRs:  
*reduced decay heat and sorce term (due to 
small size),  
*wide use of passive safety features (eg air 
cooling or easily externally cooling 
containment vessel, large pools/large amount 
of water per MWth, with respect to current 
reactors),  
*reduced radiation field (internal shielding),  
*positioning of manually-activate safety 
components/systems in suitable areas,  
*in-vessel core retention and cooling 
 
warnings: 
-once through cooling system should be 
addressed and possibly eliminated, especially 
in case of underground siting 
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    LWR HWR HTGR FR  
recovery options, utilizing all on-
site resources should be provided;  
• ......; and  
• ...... 

damage - limited by water supply and 
power to pump (steam) 

 Severe accidents: 
Particularly in relation to 
preventing loss of safety 
functionality, the robustness of 
defence-in-depth against common 
cause failure should be based on 
providing adequate diversity (as 
well as redundancy and physical 
separation) for essential safety 
functions.  

IAEA 
Lesson 

9 

      

 Ensure robust cooling functions 
of reactors and PCVs: 
Japan will secure robust alternative 
cooling functions for its reactors 
and PCVs by securing alternative 
final heat sinks for a durable time. 
This will be pursued through such 
means as diversifying alternative 
water injection functions, 
diversifying and increasing sources 
for injection water, and 

Japanes
e 

Govern
ment 

Lesson 
3 
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introducing air-cooling systems. 

 Ensuring the water tightness of 
essential equipment facilities: 
Japan will ensure the important 
safety functions even in the case of 
tsunamis greater than ones 
expected by the design or floods 
hitting facilities located near 
rivers. In concrete terms, Japan 
will ensure the water-tightness of 
important equipment facilities by 
installing watertight doors in 
consideration of the destructive 
power of tsunamis and floods, 
blocking flooding routes such as 
pipes, and installing drain pumps, 
etc. 

Japanes
e 

Govern
ment 

Lesson 
8 

      

 Ensuring the independence and 
diversity of safety systems: 
the Japanese Government will 
ensure the independence and 
diversity of safety systems so that 
common cause failures can be 
adequately addressed and the 
reliability of safety functions can 
be further improved. 

Japanes
e 

Govern
ment 

Lesson 
26 
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 Enhancing Mitigation: 

The Task Force recommends that 
the NRC strengthen SBO 
mitigation capability at all 
operating and new reactors for 
design-basis and beyond-design-
basis external events. 

NRC 
Recom
mendati

on 4 

      

 Site and Plant Layout: 
The UK nuclear industry should 
review the plant and site layouts of 
existing plants and any proposed 
new designs to ensure that safety 
systems and their essential supplies 
and controls have adequate 
robustness against severe flooding 
and other extreme external events. 

ONR 
IR-13 

      

 Extreme External Events: 
When considering the 
recommendations in this report the 
UK nuclear industry should 
consider them in the light of all 
extreme hazards, particularly for 
plant layout and design of safety‐
related plant. 

ONR 
IR-16 

      

 Exteme External Events: 
Structures, systems and 
components needed for managing 
and controlling actions in response 
to an accident, including plant 
control rooms, on‐site emergency 
control centres and off‐site 
emergency centres, should be 
capable of operating adequately in 

ONR 
FR-3 
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the conditions, and for the 
duration, for which they could be 
needed, including possible severe 
accident conditions. 

 Severe accidents: 
The risk and implications of 
hydrogen explosions should be 
revisited and necessary mitigating 
systems should be implemented.  

IAEA 
Lesson 

8 

1.5 Ensure measures for prevention 
and mitigation of hydrogen explosions 
- Radioactive release was significantly 
reduced on unit 1 and unit 3 due to 
water scrubbing (could apply also to 
SMRs) 
- Extensive tsunami and explosion 
damage and debris created significant 
logistical difficulties and inhibited 
response actions (could apply, to a less 
extent -H2 explosions could be avoided 
in SMRs- also to SMRs) 
- Venting did not prevent 
containment failure due to inability to 
properly implement 
o Venting delay due to practical 
difficulties; 
� High dose 
� Lack of control air 
� Lack of DC 
� Lack of light 
� Communication difficulties 
(could be avoided by SMRs) 
 

A    SMR countermeasures / developments: 
-SMRs could exploit reduced H2 production 
due to smaller size 
 
warnings: 
-SMRs probably cannot avoid by design the 
H2 concerns  
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 Enhancement of measures to 

prevent hydrogen explosions: 
we will enhance measures to 
prevent hydrogen explosions such 
as by installing of flammability 
control systems that would 
function in the event of a severe 
accident in reactor buildings, for 
the purpose of discharging or 
reducing hydrogen in the reactor 
buildings, in addition to measures 
to address hydrogen within the 
PCVs. 

Japanes
e 

Govern
ment 

Lesson 
9 

      

 Enhancement of containment 
venting system: 
we will enhance the containment 
venting system by improving its 
operability, ensuring its 
independence, and strengthening 
its function of removing released 
radioactive materials. 

Japanes
e 

Govern
ment 

Lesson 
10 

      

 Enhancing Mitigation: 
The Task Force recommends 
requiring reliable hardened vent 
designs in BWR facilities with 
Mark I and Mark II containments. 

NRC 
Recom
mendati

on 5 

      

 Enhancing Mitigation: 
The Task Force recommends, as 
part of the longer term review, that 
the NRC identify insights about 
hydrogen control and mitigation 
inside containment or in other 
buildings as additional information 

NRC 
Recom
mendati

on 6 
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    LWR HWR HTGR FR  
is revealed through further study of 
the Fukushima Dai-ichi accident. 

 Combustible Gases: 
The UK nuclear industry should 
review the ventilation and venting 
routes for nuclear facilities where 
significant concentrations of 
combustible gases may be flowing 
or accumulating to determine 
whether more should be done to 
protect them. 

ONR 
IR-21 

      

 Severe accidents: 
Emergency Response Centres 
should have available as far as 
practicable essential safety related 
parameters based on hardened 
instrumentation and lines such as 
coolant levels, containment status, 
pressure, etc., and have sufficient 
secure communication lines to 
control rooms and other places on-
site and off-site.  

IAEA 
Lesson 

5 

1.6 Ensure hardened instrumentation 
and lines for safety-related 
parameters and monitoring 
equipment 
- Loss of reactor instrumentation data 
hampered operator understanding 
and response (also from TMI) 
- Situation awareness was very 
difficult under these conditions 
(situation may apply also to SMRs) 
 

A    SMR countermeasures / developments: 
SMR simplification in design and O&M 
should help in reducing that type of concern; 
also "mild and slow accident evolution" 
transients should help 
 
warnings:  
the topic requires innovative solutions - ie 
reliable instrumentation should be developed 
anyway for all the NPPs 

 Off-site Emergency Arrangements 
to Protect the Public and 
Environment: 
Greater consideration should be 
given to providing hardened 
systems, communications and 
sources of monitoring equipment 

IAEA 
Lesson 

10 
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for providing essential information 
for on-site and off-site responses, 
especially for severe accidents.  

 Enhancement of instrumentation to 
identify the status of the reactors 
and PCVs: 
we will enhance the 
instrumentation of reactors and 
PCVs, etc. to enable them to 
function effectively even in the 
wake of severe accidents. 

Japanes
e 

Govern
ment 

Lesson 
14 

      

 Enhancing Mitigation: 
The Task Force recommends 
enhancing spent fuel pool makeup 
capability and instrumentation for 
the spent fuel pool. 

NRC 
Recom
mendati

on 7 

      

 Emergency Control Centres, 
Instrumentation and 
Communications: 
The UK nuclear industry should 
review the provision on‐site of 
emergency control, 
instrumentation and 
communications in light of the 
circumstances of the Fukushima 
accident including long timescales, 
wide spread on and off‐site 
disruption, and the environment on
‐site associated with a severe 
accident. 

ONR 
IR-22 
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 Ensure robust cooling functions of 

spent fuel pools: 
Japan will secure robust cooling 
measures by introducing 
alternative cooling functions such 
as a natural circulation cooling 
system or an air-cooling system, as 
well as alternative water injection 
functions in order to maintain the 
cooling of spent fuel pools even in 
case of the loss of power supplies. 

Japanes
e 

Govern
ment 

Lesson 
4 

1.7 Enhance robustness of spent fuel 
cooling 

A    SMR countermeasures / developments: 
several SMRs solutions use spent fuel pit 
below grade; due to the size of the core, less 
decay heat and less source term should be 
considered 

 Enhancing Mitigation: 
The Task Force recommends 
enhancing spent fuel pool makeup 
capability and instrumentation for 
the spent fuel pool. 

NRC 
Recom
mendati

on 7 

      

 Spent Fuel Strategies: 
The UK nuclear industry should 
ensure the adequacy of any new 
spent fuel strategies compared with 
the expectations in the Safety 
Assessment Principles of passive 
safety and good engineering 
practice. 

ONR 
IR-12 

      

 Fuel Pond Design: 
The UK nuclear industry should 
ensure that the design of new spent 
fuel ponds close to reactors 
minimises the need for bottom 
penetrations and lines that are 
prone to siphoning faults. Any that 
are necessary should be as robust 
to faults as are the ponds 

ONR 
IR-14 
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    LWR HWR HTGR FR  
themselves. 

 Cooling Supplies: 
The UK nuclear industry should 
review the site contingency plans 
for pond water make up under 
severe accident conditions to see 
whether they can and should be 
enhanced given the experience at 
Fukushima. 

ONR 
IR-20 

      

 Effective use of probabilistic 
safety assessment (PSA) in risk 
management: 
the Japanese Government will 
further actively and swiftly utilize 
PSA while developing 
improvements to safety measures 
including effective accident 
management measures based on 
PSA. 

Japanes
e 

Govern
ment 

Lesson 
27 

1.8 Use PSA effectively for risk 
assessment and management 
- Analysis of plant had not previously 
considered all the failure modes that 
occurred (in principle, that may apply 
to any NPP technology, GenIV 
included...) 
-The physical consequence of the 
events were largely in line with 
previous understanding 

A    SMR countermeasures / developments: 
SMRs can/must exploit risk-informed 
approach since the design phase, to encrease 
robustness of the safety level 
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 Safety Case: 

The nuclear industry should ensure 
that adequate Level 2 Probabilistic 
Safety Analyses (PSA) are 
provided for all nuclear facilities 
that could have accidents with 
significant off‐site consequences 
and use the results to inform 
further consideration of severe 
accident management measures. 
The PSAs should consider a full 
range of external events including 
“beyond design basis” events and 
extended mission times. 

ONR 
FR-4 

      

2. On-
site 

emergen
cy 

prepared
ness and 
response 

Severe accidents: 
For severe situations, such as total 
loss of off-site power or loss of all 
heat sinks or the engineering safety 
systems, simple alternative sources 
for these functions including any 
necessary equipment (such as 
mobile power, compressed air and 
water supplies) should be provided 
for severe accident management. 

IAEA 
Leson 2

2.1 Ensure on-site emergency 
response facilities, equipment and 
procedures 
- On-site emergency response center 
(seismically isolated) was very useful 
(should apply also to SMRs) 
- The use of Non-Safety related 
systems limited damage (should apply 
also to SMRs) 
- Loss of power supplies removed 
some communication equipment and 
delayed actions 
- Lack of information limited external 
advice 
- Recovery of heavily damaged 
equipment was not achieved 
- Failure of some on-site 
communication systems delayed and 
complicated actions (specifically 

A    SMR countermeasures / developments: 
SMRs usually provide simplification as a 
common characteristic: that should help 
significantly in reducing the problems (eg 
seismically isolated buildings, passive safety 
systems with active non-safety-related 
systems, standardised "plug-in" systems) 
 
warnings: 
the problem of communications and supply 
of emergency energy for light and 
instrumentation is probably a common issue 
for all the NPP technologies (innovative 
solutions are needed) 
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mobile systems) 
- Lack of standardized external 
connections could have delayed re-
energization 
- Lack of light was a major issue 
- Loss of HVAC created access 
difficulties 
(in principle, some could apply also to 
SMRs - eg communication lost, some 
could be avoided by design by SMRs - 
eg standardised external connections) 
- The ability to physically locate and 
manually operate valves and 
equipment under difficult 
circumstances on the plant was very 
important 

 Severe accidents: 
Such provisions as are identified in 
Lesson 2 should be located at a 
safe place and the plant operators 
should be trained to use them. This 
may involve centralized stores and 
means to rapidly transfer them to 
the affected site(s).  

IAEA 
Lesson 

3 

      

 Severe accidents: 
Nuclear sites should have adequate 
on-site seismically robust, suitably 
shielded, ventilated and well 
equipped buildings to house the 
Emergency Response Centres, 
with similar capabilities to those 
provided at Fukushima Dai-ni and 
Dai-ichi, which are also secure 

IAEA 
Lesson 

4 
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    LWR HWR HTGR FR  
against other external hazards such 
as flooding. They will require 
sufficient provisions and must be 
sized to maintain the welfare and 
radiological protection of workers 
needed to manage the accident. 

 Severe accidents: 
Emergency Response Centres 
should have available as far as 
practicable essential safety related 
parameters based on hardened 
instrumentation and lines such as 
coolant levels, containment status, 
pressure, etc., and have sufficient 
secure communication lines to 
control rooms and other places on-
site and off-site.  

IAEA 
Lesson 

5 

      

 Severe accidents: 
Severe Accident Management 
Guidelines and associated 
procedures should take account of 
the potential unavailability of 
instruments, lighting, power and 
abnormal conditions including 
plant state and high radiation 
fields.  

IAEA 
Lesson 

6 
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 Thorough accident management 

(AM) measures: 
we will change the accident 
management measures from 
voluntary safety efforts by 
operators to legal requirements, 
and develop accident management 
measures to prevent severe 
accidents, including a review of 
design requirements as well, by 
utilizing a probabilistic safety 
assessment approach. 

Japanes
e 

Govern
ment 

Lesson 
5 

      

 Improvements to the accident 
response environment: 
we will enhance the accident 
response environment that enables 
continued accident response 
activities even in case of severe 
accidents through measures such 
as strengthening radiation 
shielding in the control rooms and 
the emergency centers, enhancing 
the exclusive ventilation and air 
conditioning systems on site, as 
well as strengthening related 
equipment, including 
communication and lightening 
systems, without use of AC power 
supply. 

Japanes
e 

Govern
ment 

Lesson 
11 
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 Enhancement of the radiation 

exposure management system at 
the time of the accident: 
we will enhance the radiation 
exposure management system at 
the time of an accident occurs by 
storing the adequate amount of 
personal dosimeters and protection 
suits and gears for accidents, 
developing asystem in which 
radioactive management personnel 
can be expanded at the time of the 
accident and improving the 
structures and equipment by which 
the radiation doses of radiation 
workers are measured promptly. 

Japanes
e 

Govern
ment 

Lesson 
12 

      

 Enhancing Mitigation: 
The Task Force recommends 
strengthening and integrating 
onsite emergency response 
capabilities such as emergency 
operating procedures, severe 
accident management guidelines, 
and extensive damage mitigation 
guidelines. 

NRC 
Recom
mendati

on 8 

      

 Off‐site Infrastructure Resilience:
The UK nuclear industry should 
review the dependency of nuclear 
safety on off‐site infrastructure in 
extreme conditions, and consider 
whether enhancements are 
necessary to sites’ self sufficiency 
given for the reliability of the grid 

ONR 
IR-8 
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    LWR HWR HTGR FR  
under such extreme circumstances.

 Cooling Supplies: 
The UK nuclear industry should 
review the need for, and if 
required, the ability to provide 
longer term coolant supplies to 
nuclear sites in the UK in the event 
of a severe off‐site disruption, 
considering whether further on‐
site supplies or greater off‐site 
capability is needed. This relates to 
both carbon dioxide and fresh 
water supplies, and for existing 
and proposed new plants. 

ONR 
IR-19 

      

 Safety Case: 
The UK nuclear industry should 
review, and if necessary extend, 
analysis of accident sequences for 
long‐term severe accidents. This 
should identify appropriate repair 
and recovery strategies to the point 
at which a stable state is achieved, 
identifying any enhanced 
requirements for central stocks of 
equipment and logistical support. 

ONR 
IR-25 
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 Extreme External Events: 

Structures, systems and 
components needed for managing 
and controlling actions in response 
to an accident, including plant 
control rooms, on‐site emergency 
control centres and off‐site 
emergency centres, should be 
capable of operating adequately in 
the conditions, and for the 
duration, for which they could be 
needed, including possible severe 
accident conditions. 

ONR 
FR-3 

      

 Severe accidents: 
External events have a potential of 
affecting several plants and several 
units at the plants at the same time. 
This requires a sufficiently large 
resource in terms of trained 
experienced people, equipment, 
supplies and external support. An 
adequate pool of experienced 
personnel who can deal with each 
type of unit and can be called upon 
to support the affected sites should 
be ensured.  

IAEA 
Lesson 

7 

2.2 Enhance human capabilities and 
capacities 
- Manual stop of HPCI in unit 3 prior 
to confirmation that the alternative 
system was effective 

A    SMR countermeasures / developments: 
passive safety systems automatically actuated 
should avoid this concern; Human Factors 
can be taken into account since SMR design 
phase 

 On-site Emergency Arrangements 
to Protect Workers: 
Large scale radiation protection for 
workers on sites under severe 
accident conditions can be 
effective if appropriately organized 
and with well led and suitable 

IAEA 
Lesson 

14 
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    LWR HWR HTGR FR  
trained staff. 

 On-site Emergency Arrangements 
to Protect Workers: 
Exercises and drills for on-site 
workers and external responders in 
order to establish effective on-site 
radiological protection in severe 
accident conditions would benefit 
from taking account of the 
experiences at Fukushima. 

IAEA 
Lesson 

15 

      

 Enhancement of training 
responding to severe accidents: 
we will enhance training to 
respond to severe accidents by 
promptly building a structure for 
responding to accident restoration, 
identifying situations within and 
outside power plants, facilitating 
the gathering of human resources 
needed for securing the safety of 
residents and collaborating 
effectively with relevant 
organizations. 

Japanes
e 

Govern
ment 

Lesson 
13 
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 Human resources for nuclear 

safety and nuclear emergency 
preparedness and responses: 
the Japanese Government will 
enhance human resource 
development within the activities 
of nuclear operators and regulatory 
organizations along with focusing 
on nuclear safety education, 
nuclear emergency preparedness 
and response, crisis management 
and radiation medicine at 
educational organizations. 

Japanes
e 

Govern
ment 

Lesson 
25 

      

 Human Capabilities and 
Capacities: 
The UK nuclear industry should 
review existing severe accident 
contingency arrangements and 
training, giving particular 
consideration to the physical, 
organisational, behavioural, 
emotional and cultural aspects for 
workers having to take actions on
‐site, especially over long 
periods. This should take account 
of the impact of using contractors 
for some aspects on‐site such as 
maintenance and their possible 
response. 

ONR 
IR-24 
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    LWR HWR HTGR FR  
3. Off-

site 
emergen

cy 
prepared
ness and 
response 

Severe accidents: 
For severe situations, such as total 
loss of off-site power or loss of all 
heat sinks or the engineering safety 
systems, simple alternative sources 
for these functions including any 
necessary equipment (such as 
mobile power, compressed air and 
water supplies) should be provided 
for severe accident management. 

IAEA 
Leson 2

3.1 Strengthen off-site infrastructure 
resilience 
- The use of off-site resources limited 
damage 
- Recovery of a heavily damaged 
plant is dependent on external 
equipment 

A    SMR countermeasures / developments: 
less dependence on off-site infrastructure 
should be implemented by design, passive 
safety features help 

 Severe accidents: 
Such provisions as are identified in 
Lesson 2 should be located at a 
safe place and the plant operators 
should be trained to use them. This 
may involve centralized stores and 
means to rapidly transfer them to 
the affected site(s).  

IAEA 
Lesson 

3 

      

 Off-site Emergency Arrangements 
to Protect the Public and 
Environment: 
Greater consideration should be 
given to providing hardened 
systems, communications and 
sources of monitoring equipment 
for providing essential information 
for on-site and off-site responses, 
especially for severe accidents.  

IAEA 
Lesson 

10 

      

 Central control of emergency 
supplies and equipment and setting 
up rescue team: 
we will introduce systems for 
centrally controlling emergency 

Japanes
e 

Govern
ment 

Lesson 
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    LWR HWR HTGR FR  
supplies and equipment and setting 
up rescue teams for operating such 
systems in order to provide 
emergency support smoothly even 
under harsh circumstances. 

15 

 Responses to combined 
emergencies of both large-scale 
natural disasters and prolonged 
nuclear accident: 
we will prepare the structures and 
environments where appropriate 
communication tools and devices 
and channels to procure supplies 
and equipment will be ensured in 
the case of concurrent emergencies 
of both a massive natural disaster 
and a prolonged nuclear accident. 
Also, assuming a prolonged 
nuclear accident, we will enhance 
emergency response preparedness 
including effective mobilization 
plans to gather human resources in 
various fields who are involved 
with accident response and support 
for affected persons. 

Japanes
e 

Govern
ment 

Lesson 
16 

      

 Off‐site Infrastructure Resilience:
Once further relevant information 
becomes available, the UK nuclear 
industry should review what 
lessons can be learnt from the 
comparison of the events at the 
Fukushima‐1 (Fukushima Dai‐

ONR 
IR-9 
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    LWR HWR HTGR FR  
ichi) and Fukushima‐2 
(Fukushima Dai‐ni) sites. 

 Emergency Control Centres, 
Instrumentation and 
Communications: 
The UK nuclear industry, in 
conjunction with other 
organisations as necessary, should 
review the robustness of necessary 
off‐site communications for 
severe accidents involving 
widespread disruption. 

ONR 
IR-23 

      

 Safety Case: 
The UK nuclear industry should 
review, and if necessary extend, 
analysis of accident sequences for 
long‐term severe accidents. This 
should identify appropriate repair 
and recovery strategies to the point 
at which a stable state is achieved, 
identifying any enhanced 
requirements for central stocks of 
equipment and logistical support. 

ONR 
IR-25 
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 External Hazards: 

There is a need to ensure that in 
considering external natural 
hazards:  
• .....;  
• .....;  
• .....;  
• …..; and  
• an active tsunami warning system 
should be established with the 
provision for immediate operator 
action.  

IAEA 
Lesson 

1 

3.2 Strengthen national arrangements for emergency preparedness 
and response 
- Fire engines were successful in injecting water to systems but 
limited to low pressure 
- Off-site radiation monitoring posts did not consider loss of power 
condition 
- SPEEDI has to be used to be useful 

probably no difference from SMR  to LR 

 Off-site Emergency Arrangements 
to Protect the Public and 
Environment: 
The use of IAEA Safety 
Requirements (such as GS-R-2) 
and related guides on threat 
categorization, event classification 
and countermeasures, as well as 
Operational Intervention Levels, 
could make the off-site emergency 
preparedness and response even 
more effective in particular 
circumstances.  

IAEA 
Lesson 

11 

      

 Central control of emergency 
supplies and equipment and setting 
up rescue team: 
we will introduce systems for 
centrally controlling emergency 
supplies and equipment and setting 
up rescue teams for operating such 
systems in order to provide 

Japanes
e 

Govern
ment 

Lesson 
15 

      



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 102 CERSE-POLIMI RL-1481/2012

 

Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
emergency support smoothly even 
under harsh circumstances. 

 Responses to combined 
emergencies of both large-scale 
natural disasters and prolonged 
nuclear accident: 
we will prepare the structures and 
environments where appropriate 
communication tools and devices 
and channels to procure supplies 
and equipment will be ensured in 
the case of concurrent emergencies 
of both a massive natural disaster 
and a prolonged nuclear accident. 
Also, assuming a prolonged 
nuclear accident, we will enhance 
emergency response preparedness 
including effective mobilization 
plans to gather human resources in 
various fields who are involved 
with accident response and support 
for affected persons. 

Japanes
e 

Govern
ment 

Lesson 
16 

      

 Reinforcement of environmental 
monitoring: 
the Government will develop a 
structure through which the 
Government will implement 
environmental monitoring in a 
reliable and well-planned manner 
during emergencies. 

Japanes
e 

Govern
ment 

Lesson 
17 
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    LWR HWR HTGR FR  
 Enhancement of communication 

relevant to the accident: 
we will reinforce the adequate 
provision of information on the 
accident status and response, along 
with appropriate explanations of 
the effects of radiation to the 
residents in the vicinity. Also, we 
will keep in mind having the future 
outlook on risk factors is included 
in the information delivered while 
incidents are still ongoing. 

Japanes
e 

Govern
ment 

Lesson 
19 

      

 Adequate identification and 
forecasting of the effect of released 
radioactive materials: 
The Japanese Government will 
improve its instrumentation and 
facilities to ensure that release 
source information can be securely 
obtained. Also, it will develop a 
plan to effectively utilize SPEEDI  
(System for Prediction of 
Environmental Emergency Dose 
Information) and other systems to 
address various emergent cases 
and disclose the data and results 
from SPEEDI, etc. from the 
earliest stages of such cases. 

Japanes
e 

Govern
ment 

Lesson 
21 
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    LWR HWR HTGR FR  
 Strengthening Emergency 

Preparedness: 
The Task Force recommends, as 
part of the longer term review, that 
the NRC should pursue emergency 
preparedness topics related to 
decisionmaking, radiation 
monitoring, and public education. 

NRC 
Recom
mendati
on 11 

      

 National Emergency Response 
Arrangements: 
The Government should consider 
carrying out a review of the 
Japanese response to the 
emergency to identify any lessons 
for UK public contingency 
planning for widespread 
emergencies, taking account of any 
social, cultural and organisational 
differences. 

ONR 
IR-2 

      

 National Emergency Response 
Arrangements: 
The Nuclear Emergency Planning 
Liaison Group should instigate a 
review of the UK’s national 
nuclear emergency arrangements 
in light of the experience of 
dealing with the prolonged 
Japanese event. 

ONR 
IR-3 

      

 Openness and Transparency: 
Both the UK nuclear industry and 
ONR should consider ways of 
enhancing the drive to ensure more 
open, transparent and trusted 

ONR 
IR-4 

      



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 105 CERSE-POLIMI RL-1481/2012

 

Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
communications, and relationships, 
with the public and other 
stakeholders. 

 Planning Controls: 
The relevant Government 
departments in England, Wales 
and Scotland should examine the 
adequacy of the existing system of 
planning controls for commercial 
and residential developments off 
the nuclear licensed site. 

ONR 
FR-5 

      

 National Emergency Response 
Arrangements: 
The nuclear industry with others 
should review available techniques 
for estimating radioactive source 
terms and undertake research to 
test the practicability of providing 
real‐time information on the 
basic characteristics of radioactive 
releases to the environment to the 
responsible off‐site authorities, 
taking account of the range of 
conditions that may exist on and 
off the site. 

ONR 
FR-6 
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 National Emergency Response 

Arrangements: 
The Government should review the 
adequacy of arrangements for 
environmental dose measurements 
and for predicting dispersion and 
public doses and environmental 
impacts, and to ensure that 
adequate up to date information is 
available to support decisions on 
emergency countermeasures. 

ONR 
FR-7 

      

 Openness and Transparency: 
The Government should consider 
ensuring that the legislation for the 
new statutory body requires ONR 
to be open and transparent about 
its decision‐making, so that it 
may clearly demonstrate to 
stakeholders its effective 
independence from bodies or 
organisations concerned with the 
promotion or utilisation of nuclear 
energy. 

ONR 
FR-8 

      

 Research: 
ONR should expand its oversight 
of nuclear safety‐related research 
to provide a strategic oversight of 
its availability in the UK as well as 
the availability of national 
expertise, in particular that needed 
to take forward lessons from 
Fukushima. Part of this will be to 
ensure that ONR has access to 

ONR 
FR-10 
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    LWR HWR HTGR FR  
sufficient relevant expertise to 
fulfil its duties in relation to a 
major incident anywhere in the 
world. 

 Off-site Emergency Arrangements 
to Protect the Public and 
Environment: 
The international nuclear 
community should take advantage 
of the data and information 
generated from the Fukushima 
accident to improve and refine the 
existing methods and models to 
determine the source term involved 
in a nuclear accident and refine 
emergency planning arrangements. 

IAEA 
Lesson 

13 

3.3 Enhance communication and 
contacts with the international 
community 

A     
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    LWR HWR HTGR FR  
 Enhancement of responses to 

assistance from other countries and 
communication to the international 
community: 
the Japanese Government will 
contribute to developing a global 
structure for effective responses, 
by cooperating with the 
international community, for 
example, developing a list of 
supplies and equipment for 
effective responses to any 
accident, specifying contact points 
for each country in advance in case 
of an accident, enhancing the 
information sharing framework 
through improvements to the 
international notification system, 
and providing faster and more 
accurate information to enable the 
implementation of measures that 
are based upon scientific evidence. 

Japanes
e 

Govern
ment 

Lesson 
20 

      

 International Arrangements for 
Response: 
The Government should approach 
IAEA, in co‐operation with 
others, to ensure that improved 
arrangements are in place for the 
dissemination of timely 
authoritative information relevant 
to a nuclear event anywhere in the 
world. 

ONR 
IR-1 
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 Global Nuclear Safety: 

The UK Government, nuclear 
industry and ONR should support 
international efforts to improve the 
process of review and 
implementation of IAEA and other 
relevant nuclear safety standards 
and initiatives in the light of the 
Fukushima‐1 (Fukushima Dai‐
ichi) accident. 

ONR 
FR-9 

      

4. 
Nuclear 
safety 
culture 

and 
infrastru

cture 

Off-site Emergency Arrangements 
to Protect the Public and 
Environment: 
The use of long term sheltering is 
not an effective approach and has 
been abandoned and concepts of 
‘deliberate evacuation’ and 
‘evacuation-prepared area’ were 
introduced for effective long term 
countermeasures using guidelines 
of the ICRP and IAEA.  

IAEA 
Lesson 

12 

4.1  Review and clarify regulatory 
and emergency response framework 

- Consideration between evacuations 
and venting decision 

    SMR countermeasures / developments: 
emergency response needs and ares should be 
limited by SMR source term and level of 
safety 

 Establishment of a clear division 
of labor between relevant central 
and local organizations: 
we will review and define roles 
and responsibilities of relevant 
organizations including the 
NERHQs (Nuclear Emergency 
Response Headquarters), clearly 
specify roles, responsibilities and 
tools for communication while also 
improving institutional 
mechanisms. 

Japanes
e 

Govern
ment 

Lesson 
18 
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 Clear definition of widespread 

evacuation areas and radiological 
protection guidelines in nuclear 
emergency: 
the Japanese Government will 
make much greater efforts to 
clearly define evacuation areas and 
guidelines for radiological 
protection in nuclear emergencies. 

Japanes
e 

Govern
ment 

Lesson 
22 

      

 Clarifying the Regulatory 
Framework: 
The Task Force recommends 
establishing a logical, systematic, 
and coherent regulatory framework 
for adequate protection that 
appropriately balances defense-in-
depth and risk considerations. 

NRC 
Recom
mendati

on 1 

      

 Safety Assessment Approach: 
Once further detailed information 
is available and studies are 
completed, ONR should undertake 
a formal review of the Safety 
Assessment Principles to 
determine whether any additional 
guidance is necessary in the light 
of the Fukushima accident, 
particularly for “cliff‐edge” 
effects. 

ONR 
IR-5 
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Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
 External Hazards: 

There is a need to ensure that in 
considering external natural 
hazards:  
• .....;  
• .....;  
• .....;  
• any changes in external hazards 
or understanding of them should 
be periodically reviewed for their 
impact on the current plant 
configuration; and  
• ......  

IAEA 
Lesson 

1 

4.2 Reinforce safety regulatory bodies 
and legal structures 

A     

 Off-site Emergency Arrangements 
to Protect the Public and 
Environment: 
The use of IAEA Safety 
Requirements (such as GS-R-2) 
and related guides on threat 
categorization, event classification 
and countermeasures, as well as 
Operational Intervention Levels, 
could make the off-site emergency 
preparedness and response even 
more effective in particular 
circumstances.  

IAEA 
Lesson 

11 

      

 Follow-up IRRS (Integrated 
Regulatory Review Service ) 
Mission: 
Nuclear regulatory systems should 
ensure that regulatory 
independence and clarity of roles 
are preserved in all circumstances 

IAEA 
Lesson 

16 

      



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 112 CERSE-POLIMI RL-1481/2012

 

Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
in line with IAEA Safety 
Standards. 

 Thorough accident management 
(AM) measures: 
we will change the accident 
management measures from 
voluntary safety efforts by 
operators to legal requirements, 
and develop accident management 
measures to prevent severe 
accidents, including a review of 
design requirements as well, by 
utilizing a probabilistic safety 
assessment approach. 

Japanes
e 

Govern
ment 

Lesson 
5 

      

 Reinforcement of safety regulatory 
bodies: 
the Japanese Government will 
separate NISA (Nuclear and 
Industrial Safety Agency) from 
METI (Ministry of Economy, 
Trade and Industry) and start to 
review implementing frameworks, 
including the NSC (Nuclear Safety 
Commission) and relevant 
ministries, for the administration 
of nuclear safety regulations and 
for environmental monitoring. 

Japanes
e 

Govern
ment 

Lesson 
23 
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Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
 Establishment and reinforcement 

of legal structures, criteria and 
guidelines: 
the Japanese Government will 
review and improve the legal 
structures governing nuclear safety 
and nuclear emergency 
preparedness and response, along 
with related criteria and guidelines. 
During this process, it will 
reevaluate measures taken against 
age-related degradation of existing 
facilities, from the viewpoint of 
structural reliability as well as the 
necessity of responding to new 
knowledge and expertise including 
progress in system concepts. Also, 
the Japanese Government will 
clarify technical requirements 
based on new laws and regulations 
or on new findings and knowledge 
for facilities that have already been 
approved and licensed, in other 
words, it will clarify the status of 
retrofitting in the context of the 
legal and regulatory framework. 
The Japanese Government will 
make every effort to contribute to 
improving safety standards and 
guidelines of the IAEA by 
providing related data. 

Japanes
e 

Govern
ment 

Lesson 
24 
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Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
 Human resources for nuclear 

safety and nuclear emergency 
preparedness and responses: 
the Japanese Government will 
enhance human resource 
development within the activities 
of nuclear operators and regulatory 
organizations along with focusing 
on nuclear safety education, 
nuclear emergency preparedness 
and response, crisis management 
and radiation medicine at 
educational organizations. 

Japanes
e 

Govern
ment 

Lesson 
25 

      

 Improving the Efficiency of NRC 
Programs: 
The Task Force recommends that 
the NRC strengthen regulatory 
oversight of licensee safety 
performance (i.e., the Reactor 
Oversight Process) by focusing 
more attention on defense-in-depth 
requirements consistent with the 
recommended defense-in-depth 
framework.  

NRC 
Recom
mendati
on 12 

      

 Emergency Response 
Arrangements and Exercises: 
ONR should consider to what 
extent long‐term severe accidents 
can and should be covered by the 
programme of emergency 
exercises overseen by the 
regulator. 

ONR 
IR-6 
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Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
 Emergency Response 

Arrangements and Exercises: 
ONR should review the 
arrangements for regulatory 
response to potential severe 
accidents in the UK to see whether 
more should be done to prepare for 
such very remote events. 

ONR 
IR-7 

      

 Thoroughly instill a safety culture: 
the nuclear operators whose 
organization and individuals have 
primary responsibility for securing 
safety should look at every 
knowledge and every finding, and 
confirm whether or not they 
indicate a vulnerability of a plant. 
They should reflect as to whether 
they have been serious in 
introducing appropriate measures 
for improving safety, when they 
are not confident that risks 
concerning the public safety of the 
plant remain low. 
organizations or individuals 
involved in national nuclear 
regulations, as those who 
responsible for ensuring the 
nuclear safety of the public, should 
reflect whether they have been 
serious in addressing new 
knowledge in a responsive and 
prompt manner, not leaving any 
doubts in terms of safety. 

Japanes
e 

Govern
ment 

Lesson 
28 

4.3 Thoroughly improve and instil 
safety culture 
- Operators performed above and 
beyond call of duty 
- Operators stayed within approved 
dose limits (except for limited 
inadvertent events) 
- Operators/utility had no hesitation 
in carrying out actions to the benefit 
of the public but economic detriment 
to the facility 
- Appropriate operational response 
was not constrained by fear of 
personal harm 
- Operators initiated non-standard 
procedures early in the event (e.g. fire 
engines) 
 

A    SMR countermeasures / developments: 
simplicity usually adopted in SMRs should 
help 
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Category Individual Lessons Learned and 
Recommendations Sources

Integrated Lessons Learned 
/CM Lessons (April 2012 + June 1, 

2012) 
Applicable Reactor Type Possible Countermeasures / Technology 

Development 

    LWR HWR HTGR FR  
Japan will establish a safety 
culture by going back to the basics, 
namely that pursuing defenses-in-
depth is essential for ensuring 
nuclear safety, by constantly 
learning professional knowledge 
on safety, and by maintaining an 
attitude of trying to identify 
weaknesses as well as room in the 
area of safety. 

 Strengthening Emergency 
Preparedness: 
The Task Force recommends, as 
part of the longer term review, that 
the NRC should pursue emergency 
preparedness topics related to 
decisionmaking, radiation 
monitoring, and public education. 

NRC 
Recom
mendati
on 11 

      

 Human Capabilities and 
Capacities: 
The UK nuclear industry should 
continue to promote sustained high 
levels of safety culture amongst all 
its employees, making use of the 
National Skills Academy for 
Nuclear and other schemes that 
promote “nuclear 
professionalism”. 

ONR 
FR-11 

      

 



 

OECD-NEA 

Committee for Technical and Economic Studies on Nuclear Energy Development and The Fuel Cycle (NDC) 

7th Meeting of the Working Party on Nuclear Energy Economics, 10 November 2011 

 

List of the presentations, contributions and discussions 

 

• Report on Work of the International Atomic Energy Agency in the Areas of Economics and Finance 

(Presentation by the IAEA Secretariat) 

• Results of the Workshop on “Enhancing the Contribution of Nuclear Power to a Low-carbon 

Electricity Future” held on 9 November 2011 (Open discussion) [Agenda – NEA/NDC(2011)26] 

• Feedback on Presentations and Sales of the WPNE study on “Carbon Pricing, Power Markets and the 

Competitiveness of Nuclear Energy” [NEA/NDC(2011)36] 

The System Effects of Nuclear Power: 

• Detailed Outline: Update and Status of Activities in the Context of the System Effects Study 

[NEA/NDC(2011)21/REV] (Presentation by Secretariat) 

• Chapter 1. “The System Effects Engendered and Experienced by Nuclear Power” 

[NEA/NDC(2011)27] (Presentation by Secretariat of advanced draft for comment and discussion) 

• Chapter 3. “The Contribution of Nuclear Power to the Minimisation of Long-Run and Short-Run 

System Effects” [NEA/NDC(2011)37] 

• Chapter 4. “A Comparaison of the Grid and System Costs of Different Technologies” (Presentation by 

Secretariat and discussion) 

• Chapter 5. “The Institutional and Regulatory Framework for Integrating System Effects and 

Flexibility Services” [NEA/NDC(2011)29]. (Presentation by Secretariat of advanced draft for 

comment and discussion) 

• Chapter 6a. “Smart Electricity Grids” [NEA/NDC(2011)30] (Presentation of advanced draft for 

comment and discussion, Dirk Van Herten, University of Leuwen) 

• Chapter 6b. “SMR Economic Potential in Integrated Electricity Systems” [NEA/NDC(2011)38] 

(Presentation of draft for comment and discussion, Marco Ricotti, Politecnico Di Milano) 

• Proposed New Title for the WPNE Project on “The System Effects of Nuclear Power” 

[NEA/NDC(2011)31] (Initiating discussion about title and policy conclusions of study) 

• “Economics of Long-term Operation of Nuclear Power Plants” [NEA/NDC(2011)34] (Summary 

Record of the 1st Meeting of the Expert Group) (Presentation by Secretariat) 

• “Economics of the Back-End of the Nuclear Fuel Cycle” [NEA/NDC(2011)24] (Draft Agenda of the 

1st Meeting of the Expert Group). (Presentation by Secretariat). 

 

 

 

 

 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 118 CERSE-POLIMI RL-1481/2012

 

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 119 CERSE-POLIMI RL-1481/2012

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 120 CERSE-POLIMI RL-1481/2012

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 121 CERSE-POLIMI RL-1481/2012

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 122 CERSE-POLIMI RL-1481/2012

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 123 CERSE-POLIMI RL-1481/2012

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 124 CERSE-POLIMI RL-1481/2012

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 125 CERSE-POLIMI RL-1481/2012

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 126 CERSE-POLIMI RL-1481/2012

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 127 CERSE-POLIMI RL-1481/2012

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 128 CERSE-POLIMI RL-1481/2012

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 129 CERSE-POLIMI RL-1481/2012

 

 
 

 
 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 130 CERSE-POLIMI RL-1481/2012

 

 
 

 



 

Rapporto “COLLABORAZIONI INTERNAZIONALI PER STUDI SU SMALL 
MODULAR REACTORS (SMR)”  

 

 
LP1.B3 131 CERSE-POLIMI RL-1481/2012

 

 
Short Info on the Collaboration Agreements between Politecnico di Milano and some Small Modular Reactor 

projects 

 

 

In the recent period, and due to the expertise gained by POLIMI in the last 10 years through the participation to the IRIS 

international project, some Collaboration Agreements have been signed by POLIMI with some Small Modular Reactor 

projects, paving the way for possible R&D activities in the very next future. 

In particular: 

- with DCNS company, a French organisation involved in the design of the FlexBlue reactor, an SMR of 100MWe size, 

PWR integral type, mounted into a submarine hull and to be located 100m deep in the sea, interested in collaborating on 

the design of passive safety systems and on experimental activities devoted to thermal fluid dynamics investigation of 

the passive systems; 

- with NuScale company, a US organisation involved in teh design of the NuScale reactor, an SMR of 45MWe per 

module, PWR integral type, natural circulation, to be deployed in cluster of 12 modules, interested in collaborating on 

the design and investigation, both modelling and experimental, of helical coil steam generators and of passive safety 

systems, as well as on the investigation of the profitability and other financial and economic features for a multi-module 

deployment strategy. 

Recently, also another US company, Flibe Energy, asked for a collaboration on the modellig of molten salt modular 

reactors, for the investigation of fluid dynamics and neutronics behavior, with Thorium as a reference fuel cycle. 

Other relationships are under development and consolidation, mainly for the use, for R&D purposes, of the INCAS 

code, developed by POLIMI for the simulation of different strategies of deployment of SMRs and the analysis of the 

corresponding costs, profitability and other financial and economic features. An Agreement with the Ghana Atomic 

Energy Commission has been already signed, others are under discussion (e.g. with Finland, China, South Korea, 

Russia). 
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CURRICULUM SCIENTIFICO DEL GRUPPO DI LAVORO 

Il  gruppo  di  lavoro  impegnato  nell’attività  è  costituito  da  un  professore  ordinario  di  Impianti  Nucleari  del 

Politecnico di Milano (Dipartimento Energia), Marco Enrico Ricotti, e da una Assegnista di Ricerca, Sara Boarin. 

Il prof. Ricotti  svolge attività di  ricerca da più di 20 anni al Politecnico nel campo della  Ingegneria Nucleare, con 

particolare riferimento alla termoidraulica, alla sicurezza, agli aspetti economici dell’energia nucleare ed ha svolto o 

coordinato ricerche teorico‐modellistiche e sperimentali nel gruppo Reattori Nucleari del Dipartimento di Energia 

del  Politecnico  di Milano,  che  attualmente  guida,  pubblicando  i  risultati  su  rivista  e  in  atti  di  Congresso,  quasi 

esclusivamente  internazionali.  Insieme  all’ing.  Boarin  è  anche  autore  di  diversi  rapporti  nell'ambito  dei  PAR 

trascorsi.  

L’ing. Boarin ha una esperienza pluriennale di collaborazione di ricerca con il Politecnico sulle tematiche economico‐

finanziarie  dei  reattori  nucleari,  nonché  una  esperienza  lavorativa  presso  banche  di  affari  internazionali.  E’ 

coautrice di paper scientifici e report per organizzazioni internazionali (OECD, IAEA).  

Maggiori dettagli sulle attività di ricerca nonché l’elenco delle pubblicazioni più recenti si possono trovare sul sito 

Web del gruppo di ricerca del Politecnico di Milano (http://www.nuclearenergy.polimi.it).  
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