
OECD/NEA Workshop on 

Innovations in Water-cooled Reactor Technologies 

 

An International Workshop on Innovations in Water-cooled Reactor Technologies was held on 11-12 
February 2015. It attracted nearly 50 experts from 7 NEA member countries (Canada, Finland, France, 
Hungary, the Russian Federation, the United Kingdom and the United States), as well as from the 
People's Republic of China. Representatives from regulatory authorities, utilities, vendors, research 
organisations and academia participated in the workshop, sharing their perspectives on safety and 
performance improvements that characterise modern generation III reactors, as well as possible 
innovations that might be featured in future water-cooled reactor designs, including small modular 
reactors based on light water reactor technology. The development of innovative fuels, including 
accident-tolerant fuels, was also discussed. Drivers for innovation in reactor and fuel technologies 
include regulatory and utility requirements, new environmental constraints, changes in electricity 
markets and competition with other low-carbon generation sources. Examples of initiatives to facilitate 
the development of new technologies, from research to market, were also discussed. 

General documents 

 List of participants 

Presentations 

Day I - Requirements and regulation, utilities' perspectives 

Session I-1: Utility safety and performance requirements 

 Discussion on utility requirement documents in Europe and in the United States, 

and their evolution in time. 

 Chair: Jacques Pirson (GDF Suez) 

 Speakers: Joze Špiler (Gen Energija, representing the EUR), Sang-Baik 

Kim (NEA/NDD) 

Session I-2: Regulatory aspects 

 Evolution of regulatory requirements (historical perspective, feedback from 

nuclear accidents and international activities), innovative approaches to leverage 

resources and knowledge of the national regulators reviewing new reactor power 

plant designs. 

 Chair: Henri Paillère (NEA) 

 Speakers: Fabien Feron (ASN/WENRA), Marja-Leena Järvinen (STUK) and Julien 

Husse (NEA/MDEP) 

Session I-3: Utilities 

 Nuclear operators were invited to discuss their views on innovations in advanced 

reactor designs, as well as modernisation of existing nuclear power plants. 

 Chair: Véronique Decobert (Westinghouse) 

 Speakers: Giovanni Ferraro (EDF), Frank Bertels (GDF-Suez), Wolfgang 

Denk (Alpiq) and Harri Tuomisto(Fortum) 

Session I-4: Round table discussion 

 This round table discussed some of the issues highlighted by the previous 

speakers, including the role of innovation and design in coping with severe 

accident initiators; nuclear power operation and safety challenges in future energy 

systems (load following, flexibility, smart grids, climate change); the back-fitting 

of advanced solutions in existing Gen II reactors (safety upgrades and long-term 

operation) andthe harmonisation of regulatory requirements and standardisation 

and evolution of new designs. 
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https://www.oecd-nea.org/ndd/workshops/innovtech/presentations/documents/i-3-tuomisto.pdf


 Moderator: Michael Golay (MIT) 

 Panellists:  Véronique Decobert (Westinghouse), Bertand de l'Epinois (AREVA), 

Henri Pelin (WNA), Jacques Pirson (GDF-Suez), Giovanni Bruna (IRSN) and Jim 

Gulliford (NEA) 

Day II - Vendors' and research organisations' perspectives 

Session II-1(a): Vendor perspectives 

 Vendors were invited to discuss innovations in reactor and fuel designs to address 

improved safety and economics. The discussion essentially addressed Gen III 

designs but also specific innovative features of Small Modular Reactors based on 

light water reactor technology. 

 Chair: Wolfgang Denk (Alpiq) 

 Speakers: Bertrand de l'Epinois (AREVA) on EPR, Shin Whan Kim (KEPCO) on 

APR1400, Jukka Laaksonen  (JSC "Rusatom Overseas") and Mikhail Maltsev (JSC 

"Atomenergoproekt") on VVER, Hongxing Yu (NPIC) on Hualong-1 

Session II-1(b): Vendor perspectives (continued) 

 Chair: Harri Tuomisto (Fortum) 

 Speakers (15 minutes each): David Powell (GE Hitachi), Julie 

Gorgemans (Westinghouse), Jerry Hopwood(CANDU Energy) and Igor 

Bylov (OKBM) on SMRs 

Session II-2: Research organisation perspectives 

 In this session, research organisations including technical safety organisations 

(TSOs) supporting regulators discussed long-term developments that could lead to 

innovations for future advanced water-cooled reactors and designs and their fuel 

cycle (e.g. accident-tolerant fuels). An update on safety research for water-cooled 

reactors performed under the NEA's Committee for the Safety of Nuclear 

Installations (CSNI) was also provided. 

 Chair: Fiona Rayment (NNL) 

 Speakers: Giovanni Bruna (IRSN/NUGENIA), Jim Gulliford (NEA/SCI), Rosaura 

Ham-Su (CNL), Caroline Thevenot (CEA), Michael Golay (MIT) and Andrew 

White (NEA/NSD) 

Session II-3: Round table discussion and conclusion of the workshop 

 In this final round table, a broad discussion took place on the future evolution of 

water reactor technologies in the 21st century, and the role of water-cooled Gen 

III reactors vs. the Gen IV reactors currently under development. The panel also 

discussed possible innovations that might be game-changers for the nuclear 

power sector versus other generation technologies and associated R&D needs. 

 Moderators: Marc Deffrennes and Henri Paillère (NEA/NDD) 

 Panellists: Abderrahim Al Mazouzi (EDF/NUGENIA), Patrick Dumaz (CEA), Henri 

Pelin (WNA), David Powell (GE Hitachi) and Hongxing Yu (NPIC) 

Conclusions of the workshop 

Contact 

Mr. Henri Paillère  

+33 1 45 24 10 67  
henri.paillere@oecd.org 
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Objectives of the Workshop 

The OECD/NEA is planning to publish in 2015 a short report describing evolutions in design of water-
cooled reactors (addressing both light water and heavy water-cooled reactor technologies) focusing 
in particular on innovations that have brought improvements in safety and performance, and those 
that are likely to be incorporated in future reactors. To gather input from utilities, vendors, as well as 
technical safety organisations and regulators, a two-day workshop is organised at the NEA on 11-12 
February 2015. 

New technologies and solutions have been developed over more than thirty years to improve the 
safety, performance and economics of nuclear power plants. Particular efforts were made in 
designing systems to prevent or mitigate nuclear accidents and, greatly limit or even avoid any off-
site release of radioactivity. Reactor designs developed in the 1980s and later are often referred to 
as Generation III (Gen III) reactors. They offer enhanced safety compared to earlier Generation II 
(Gen II) designs, as well as improved performance and economics. 

Examples of Gen III safety design features include solutions for corium localisation, advanced 
containment structures, improved emergency core-cooling systems, filtered venting systems, 
hydrogen risk management solutions, etc. Some of these solutions have also been back-fitted or 
partially adapted to existing reactors, based on recommendations from regulators or modernisation 
efforts by the utilities operating these reactors, to bring their level of safety to levels approaching 
those of the more modern designs. Other innovations found in the latest water-cooled reactor 
designs include the use of passive safety systems, and often associated with those, a simplification in 
the design of the reactor. 

Gen III reactors also feature better economics, for example increased design lifetime up to 60 years, 
ability to use 100% MOX fuel and operate with higher flexibility, higher thermal efficiencies and 
reduced staff requirements. Modularity is often quoted as a feature of some Gen III designs as a way 
of reducing the construction times and simplifying the decommissioning of the plant. 

The scope of the Workshop includes, inter alia: 

 Evolution of regulatory and design requirements for commercial water-cooled reactors; 

 Innovations in water-cooled reactor technologies that allowed significant improvement in 
the level of safety, with a discussion on advantages and challenges of active vs. passive 
safety systems; 

 Innovations under development or being considered for future water-cooled reactors; 

 Advantages that Gen III reactors have over previous designs in terms of economics, fuel 
utilisation, thermal efficiency, etc; 

 Operational issues of nuclear power plants in future low carbon energy systems with high 
shares of variable renewables, and issues posed by climate change (e.g. water scarcity, 
increased air and water temperatures and extreme weather events). 

 Standardisation, modularisation and constructability issues and challenges; 

 A discussion of key differences between Gen II and Gen III designs, and possibilities of 
back-fitting Generation II reactors with new technologies, as part of a Long Term Operation 
strategy. 
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Abderrahim AL MAZOUZI 

 

Senior Engineer and Projects 

Manager  

EDF R&D 

NUGENIA & EXCOM 

 

Dr. A. Al Mazouzi received his PhD in material science from the 

university of Marseille /France in 1989, followed by a PhD from 

the Free University of Berlin in the same field. From 1989 to 1993 

he worked as a Post Doc at Hahn Meitner Institute in 

Berlin/Germany. Thereafter he was appointed as visiting scientist 

at Kyoto University Japan from 1993 to 1995. In 1995 he became 

a member of the Polytechnical School of Lausanne CRPP/EPFL-

Fusion technology, then in 1999 he joined the department of 

Nuclear Safety at the Paul Scherrer Institute in Switzerland. From 

2002 until 2009, He worked at SCK.CEN/Belgium as a senior 

scientist.    

Currently, he is working as a Senior Engineer and Projects 

Manager at EDF R&D, which he joined in April 2009. Since June 

2012, he is acting as the EDF representative in both the NUGENIA 

secretariat and the Executive Committee.  

He initiated and coordinated a certain number of international 

and European projects. He is the author or co-author of more 

than 70 peer reviewed papers, and is a member of many 

international and regional scientific groups. 
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Frank BERTELS 

  

Principal Engineer Nuclear 

TRACTEBEL ENGINEERING 

(GDF SUEZ) 

 

Frank Bertels works as a principal engineering for Tractebel 

Engineering. Tractebel Engineering, part of the GDF Suez group, 

the architect engineer and responsible designer of the 7 Belgian 

NPP operated by Electrabel. He was involved in licensing, severe 

accident, systems engineering and technical integration studies 

for the Belgian plants in the framework of SG Replacement & 

Power Uprate projects, ten yearly safety review studies, Life Time 

Extension programs and assistance to the operator as 

Responsible Designer. He has been working for international 

projects for Borssele (Netherlands), Ringhals AB (Sweden), Kalinin 

(Russia) and site suitability programs in Jordan, UAE. He has 

recently passed to the Owner’s Engineering project team for the 

construction of 3 AP1000 plants at the Moorside site in UK to be 

operated by NuGen, in which GDF Suez is a shareholder. 

 

Giovanni BRUNA 

 

Scientific Director 

IRSN 

 

Giovanni Bruna holds a doctorate in Applied Nuclear Physics, 

from the University of Genova (Italy). He is the Technical 

Coordinator of the NUGENIA Association. 

He is presently the Scientific Director of IRSN (since 2011). 

Previously, he was the deputy director of IRSN’s Reactor Safety 

Division (from 2005), and before that, a Senior Expert in the 

AREVA Group and Manager Nuclear Reactor Physics. 

His main fields of expertise include: Reactor physics, design and 

safety of LWR, FBR and HTR, as well as: fuel (particularly MOX), 

control technology and devices, computation methods 

development (including 3D coupled systems, uncertainty and 

sensitivity analysis) and validation on mock-up experiments and 

operation feed-back, and fuel cycle. 
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Igor BYLOV 

 

Head of department 

R&D in safety and reliability 

OKBM Afrikantov 

Igo Bylov is since 2008 the head of department, R&D in safety 

and reliability at OKBM Afrikantov. Prior to that position, he was 

chief specialist at Rosenergoatom, between 2007 and 2008, and 

before worked in the Navy as a service member, from 1987 to 

2007. 

He is a Candidate of sciences, system analysis, from the Nizhny 

Novgorod State Technical University, into 2011. He has a 

diploma of nuclear engineer from the Dzerjinsky High Naval 

Engineering College in Leningrad, in 1986. 
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Véronique DECOBERT  

 

Director, Nuclear Regulatory 

Affairs 

Europe, Middle East and Africa 

Region 

Westinghouse 

 

Véronique Decobert joined Westinghouse in February 2009 as 

director, Engineering Services (ES) France. In June 2012, she was 

appointed director, ES and Installation and Modification Services 

(IMS) France. 

From April 1
st
, 2013, Véronique Decobert holds the position of 

director, Nuclear Regulatory Affairs for the Europe, Middle East 

and Africa (EMEA) Region. 

Previously, Ms. Decobert spent 26 years at AREVA, where she 

held various positions of increasing responsibility. Prior to joining 

Westinghouse, she was the Safety, Health and Security VP for the 

entire AREVA group.  

Ms. Decobert is experienced in licensing and in fuel cycle 

engineering, has provided project supervision for the 

construction of La Hague reprocessing plant, and has a thorough 

understanding of the procedures for transporting nuclear 

materials. She served as Quality, Health, Safety and Environment 

director in the La Hague reprocessing plant prior to working as 

nuclear safety inspector. 

 

Marc DEFFRENNES 

 

Nuclear Energy Analyst 

Nuclear Development Division 

Nuclear Energy Agency (NEA) 

 

Graduated Nuclear Engineer in 1980. Worked 10 years for 

Westinghouse on Safety Analyses, Plants Start-up, Radiation 

Protection and Operators Training. Joined the European 

Commission in 1991 and worked in the frame of Euratom for the 

Directorate’s General for Energy, Research and External Relations. 

Joined OECD in October 2014. 
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Bertand DE L’EPINOIS 

 

Senior Vice President  

Safety standards 

AREVA 

 

Bertrand de L’Epinois has the rank of ingénieur en chef des 

Mines. He starts his career in 1989 within the French nuclear 

safety authority, as head of the 900 MW reactor department. 

From 1994 to 2002, he worked at the General directorate for 

energy and raw materials (French ministry of industry), as head of 

the raw material and subsoil department and then deputy 

director for oil, gas and raw materials. He joined Thales Under 

Water Systems in 2002, as competitiveness director and then 

general sonar study director. He also acted, in this period, as 

vice-chairman of the maritime technology cluster (“pôle de 

compétitivité mer”). In 2007 he was appointed director for the 

SESAR European programme and chairman of the Air Traffic 

Alliance grouping between Airbus, Thales and EADS. He joined 

Areva in September 2011 as Senior Vice President for safety 

standards. 

 

Wolfgang DENK 

 

Head of Nuclear Assets 

Alpiq 

Wolfgang Denk is Head of Nuclear Assets at the Swiss utility 

company Alpiq, managing more than 8 TWh/year of electricity 

generated from the co-owned Swiss nuclear power plants 

Gösgen and Leibstadt as well as from import contracts from 

French NPPs through the company CNP SA. He is a member of 

the Board of Directors of Leibstadt NPP, the BoD of Aurica AG, 

the Technical Commission of Leibstadt NPP, the Operations 

Commission of Gösgen NPP, the Operations Commission of CNP 

SA and the Technical Advisory Committee of the mutual 

insurance company EMANI. 

He holds degrees in Mechanical Engineering (Dipl.-Ing. FH) and 

Management (MBA & Eng.) and has worked in the power plant 

sector since 2001, among others in the field of Nuclear Safety at 

TÜV SÜD in Germany and in Project Management of 

maintenance projects at Westinghouse Electric in Belgium. He is 

an active member of the World Nuclear Association Capacity 

Optimization Working Group and was part of the OECD-NEA Ad-

hoc Expert Group on the Economics of Long-term Operation of 

NPPs. He is a Fellow of the inaugural class of the World Nuclear 

University Summer Institute of 2005. 
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Patrick DUMAZ 

  

Program Manager 

CEA 

Patrick Dumaz is an engineer at the Nuclear Energy Division of 

CEA. He is the program manager for all the R&D performed by 

CEA for “generation 2 & generation 3 LWR”.  

P. Dumaz started his career at IRSN working on PWR design basis 

accidents and on severe accidents. 

At the CEA Nuclear Energy Division, he worked for the LWR 

innovation program conducted by CEA during the 90’s. In the 

years 2000, he participated in the research on generation 4 

systems, mainly the SFR (Sodium cooled Fast Reactor) and the 

GFR (Gas cooled Fast Reactor). 

From 2008 to 2012, he was the technical advisor for nuclear 

energy of the atomic energy High commissioner. 
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Fabien FERON 

----  

ASN Fabien Féron has been working with the French nuclear safety 

authority (ASN) for twenty years or so, in various positions. He is 

now deputy director of the NPP department, in charge of 

regulations and new reactors, which of course includes the EPR 

reactor under construction at Flamanville. 

He has been involved for several years in international projects, 

mostly through his membership in the IAEA nuclear safety 

standard committee or participation to the MDEP-EPRWG, but 

also via a secondment to the Canadian nuclear safety commission.  

He is here today to make a presentation about WENRA activities 

as he has been working within WENRA-Reactor Harmonsiation 

Working Group since 2009. 

 

Giovanni FERRARO 

 

International relations 

Advisor 

EDF Nuclear Engineering 

Division/SEPTEN 

Advanced Nuclear Technology 

Department 

 

Giovanni Ferraro has experience and skills in several domains of 

Nuclear Power Plants Operation and Design (safety, 

maintenance, operation, design, and management). He’s worked 

27 years in the EDF/Nuclear Operation Division (DPN):  from 

1980 to 2004 and from 2012 to 2014. He spent 7 years in the 

EDF/Nuclear Engineering Division (DIN), from 2004 to 2011. 

Since January 2015, he is the International relations advisor for 

the Nuclear Engineering Division / SEPTEN / Advanced Nuclear 

Technology Department in Lyon, in charge of international 

benchmarks and coordination with PWROG. 

1980/1992: Nuclear safety engineer, Maintenance engineer and 

Operation Department Head at Fessenheim NPP (2 x 900 MW units) 

1992/1997: PSA Project Manager - Nuclear Safety Department/ 

DPN Headquarters in Paris  

1997/2004: Deputy Director for units 3&4, then Technical 

Director Deputy at  Cruas-Meysse NPP (4 x 900 MW units) 

2004/2009: Operation Department Head at Nuclear Engineering 

Division / SEPTEN - Lyon 

2009/2011: Technical Director & Executive Vice-President of 

Sviluppo Nucleare Italia (SNI) in Rome (EDF/ENEL joint-venture 

to develop the project to build 4 EPR units in Italy) 

2012/2014: International relations advisor for the EDF post 

Fukushima project at Nuclear Operation Division Headquarters in 

Paris. 
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Michael GOLAY 

 

Professor of Nuclear Science 

and Engineering 

MIT 

Dr. Michael W. Golay is a professor of nuclear science and 

engineering at the Massachusetts Institute of Technology. 

where he has worked since 1971. He is director of the Reactor 

Technology Course for Utility Executives and the Risk-

Informed Operational Decision Management Course, both 

cosponsored by MIT and the National Academy for Nuclear 

Training. Most recently he has focused his research and 

teaching upon improving nuclear power performance both in 

the United States and internationally, particularly through use 

of probabilistic and dynamic methods of analysis. He has also 

been an active advisor to governmental and industrial 

organizations, particularly concerning risk-informed regulation 

and nuclear non-proliferation. Professor Golay received his 

PhD. in nuclear engineering from Cornell University in 1969, 

and performed post-doctoral research at Rensselaer 

Polytechnic Institute. In 1980 he was a visiting researcher at 

Electricité de France (EDF).  He has served on the INPO 

Advisory Council, the NRC's Research Review Committee, the 

DOE's TOPS Committee (on non-proliferation), and national 

laboratory and nuclear power plant oversight committees. He 

is a Fellow of the American Association for the Advancement 

of Science and of the American Nuclear Society. 

 

Julie GORGEMANS 

 

Principal engineer 

Westinghouse Electric 

Company 

Julie Gorgemans is a principal engineer at Westinghouse Electric 

Company. She joined Westinghouse after obtaining a master’s 

degree in physics engineering from the Ecole Polytechnique of 

the Université Libre de Bruxelles in 2005. Since 2008, she is 

supporting the development and International deployment of 

Westinghouse generation III+ design, the AP1000 plant. 
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Jim GULLIFORD 

 

Head  

Nuclear Science Section 

Nuclear Energy Agency (NEA) 

 

Jim Gulliford is Head of the Nuclear Science Section and 

Deputy Head of the Data Bank at the OECD Nuclear Energy 

Agency. The goal of the NEA in this area is to help member 

countries identify, collate, develop and disseminate basic 

scientific and technical knowledge required to ensure safe, 

reliable and economic operation of current nuclear systems and 

to develop next-generation technologies.  A key responsibility 

is the coordination of international R&D studies in reactor 

physics, fuel cycle physics & chemistry, criticality safety, 

material science and radiation shielding. Mr. Gulliford has 30 

years of experience in nuclear R&D. He has worked at research 

reactor facilities in the UK and France, leading experimental 

programmes on both thermal and fast reactor systems. 
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Rosaura HAM-SU 

 

Manager of the Fuel 

Development Branch 

Canadian Nuclear Laboratories 

(CNL) 

Rosaura Ham-Su is a graduate of McMaster University, Canada, 

where she obtained a PhD in Materials Science on the Processing 

and Creep Properties of Alumina/Silicon Carbide Composites. 

During her doctorate, she worked at the Technical University of 

Dresden, in Germany, on the Modelling of Internal Strains in 

Heterogeneous Materials.  

After her PhD, Rosaura was a Research Scientist at Nova Crystals 

Ltd. where she developed light protective composite armour for 

use against multiple armour-piercing rounds. She then became a 

Defence Scientist and Group Leader of the Functional Materials 

Group at Defence Research and Development Canada–Atlantic. 

Her work there included consulting for the Canadian Navy and 

developing Magnetic Shape Memory Alloys and composites for 

missiles, sonars and energy harvesting devices. In 2009, Rosaura 

won an international team award for her work on Friction Stir 

Processing of Nickel Aluminum Bronze, an alloy used in 

submarines.  

Rosaura joined AECL in 2007; in 2010 she became the Manager 

of the Fuel Development Branch which, together with Reactor 

Physics, is the Canadian Nuclear Laboratories (CNL) hub for Fuel 

Innovation. Rosaura leads CNL’s Advanced Fuel and Fuel Cycles 

Centre of Excellence and the Sustainable Energy Technologies 

Sub-Program. 

 

Jerry HOPWOOD 

 

Vice-President 

Product Development 

Candu Energy 

As Vice-President of Product Development, Jerry is responsible 

for a broad range of research, product development and product 

management activities. 

Jerry moved to Canada to join Atomic Energy of Canada Limited 

(AECL) in 1975, working on Ontario Hydro and CANDU 6® 

designs. He spent two years on secondment to the Point Lepreau 

Nuclear Station in New Brunswick in its first years of operation 

and became Manager of Safety 

Systems Design for new CANDU nuclear power plants in 1985. 

The following year, Jerry led an AECL investigation team looking 

into design flaws at Chernobyl. In 1992, he was appointed 

Technical Director, Korea. 

Jerry became General Manager, Product Applications in 2004, 
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responsible for CANDU 6 and ACR-1000® pre-project support 

and CANDU applications such as energy for the oil sands. In 

2006, he was named Vice-President, Product Development, 

taking on responsibility for all engineering, licensing, R&D and 

product application work associated with the Advanced CANDU 

Reactor® and the CANDU 6. Jerry transitioned to Candu Energy, 

member of the SNC-Lavalin Group in 2011. 

Jerry holds both bachelors and masters degrees in Applied 

Physics from Oxford University in England. 

 

Julien HUSSE 

  

MDEP Project manager 

Nuclear Energy Agency (NEA) 

Julien Husse has an engineering degree from ENSTIMD. 

From 2002 to 2006: he was an inspector for non-nuclear 

industrial installations. 

From 2006 to 2012, he was a Senior inspector at ASN, 

coordinator of the operating experience in the NPP department 

and in charge of environmental matters. 

He is currently working at the NEA in the Nuclear Safety Division, 

in the technical secretariat for the MDEP initiative. 
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Marja-Leena JÄRVINEN 

 

Radiation and nuclear safety 

regulations developer 

Finnish Radiation and Nuclear 

Safety Authority (STUK) 

 

Marja-Leena Järvinen has been working at Radiation and Nuclear 

Safety Authority (STUK) since 1995. During 1995 – 1997 was 

senior inspector, during years 1997 – 2002 head of office and 

since the beginning of the year 2003 deputy director. Since the 

beginning of 2005 she has been a chairperson of the Finnish 

national nuclear safety research programme SAFIR (Safety Finnish 

Reactor). 

Dr. Järvinen current responsibilities are the development of the 

radiation and nuclear safety regulations at STUK. Before that she 

was the Deputy Director of the Nuclear Reactor Regulation from 

2003 to 2014. At that position she was responsible for the 

development of nuclear regulations, nuclear safety research, 

development and financing of the department. She has been 

working with nuclear facilities at their different lifecycle phases 

from design to the final disposal of nuclear waste and spent fuel. 

She was the head of I&C and Electrical systems office from 1997 

to 2002 and the Nuclear Power Plant Technology office from 

2002 to 2003. Development of the safety requirements for the 

digital I&C at early 2000s was led by her. 

Before STUK Dr. Järvinen has 15 years of experience working in 

metal and mining industry leading development of radiation 

detectors and analyzer for industrial and space applications. She 

is a member of the Technology Academy Finland (TTA). She 

holds the Dr. Tech. Decree in Technical Physics from Helsinki 

University of Technology. 
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Sang-Baik KIM  

  

Nuclear Energy Analyst  

Nuclear Development Division  

Nuclear Energy Agency (NEA) 

 

Dr. Sang-Baik KIM received a bachelor’s degree in Mechanical 

Engineering from Korea University and a master and PhD degree 

in Mechanical Engineering in Korea Advanced Institute of Science 

and Technology in Korea.  

He worked for more than 30 years in safety research area as a 

researcher and a project manager in Korea Atomic Energy 

Research Institute. He involved in the development of safety 

design features for APR1400 and severe accident analysis for 

SMART.  Currently he is working on the nuclear technology 

development and nuclear new build in NEA as a cost-free-expert 

of Korean Government.  

 

Shin-Whan KIM  

  

Senior Vice President  

Safety Analysis Department 

KEPCO-ENC 

Mr. Shin Whan Kim is currently Vice President at KEPCO 

Engineering and Construction Company, with the responsibility 

of managing Safety Analysis Department. Prior to the current 

position, he served as the manager of Business Development 

with the main role of promoting the APR1400 technology in 

overseas market and project manager for several technology 

development projects. His technical background includes safety 

design and associated analysis of nuclear power plants, PSA, 

performance analysis and computer codes development. He 

received BS and MS in Nuclear Engineering from Seoul National 

University and Ph. D from Rensselaer Polytechnic Institute. 
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Jukka LAAKSONEN 

 

Vice President 

State Atomic Energy 

Corporation “Rosatom” 

JSC “Rusatom Overseas” 

 

 

Jukka Laaksonen was Director General of STUK, nuclear 

regulatory body of Finland, in 1997-2012. While employed with 

STUK since 1974, he served as visiting expert at USNRC in 1981-

82 and at IAEA in 1987-89. Since April 2012 he is VP of Rusatom 

Overseas, tasked to manage licensing of exported Russian NPPs. 

He has been actively involved in international co-operation in 

nuclear safety and safeguards and has held several 

chairmanships in international groups, among them Western 

European Nuclear Regulators’ Association WENRA (2009-2011) 

and OECD/NEA Committee for Nuclear Regulatory Activities 

(1998-2007). With IAEA, he has provided many services, for 

instance being team leader on missions that conducted review of 

Russian nuclear regulator (2009) and the USNRC (2010). In 2003-

13 he was Vice Chair of IAEA’s INSAG Group and in 2008-11 

member of Commission on Safety Standards. Since 2009 he is 

member of International Advisory Board that advises UAE 

Government on its new nuclear program. 
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Mikhail MALTSEV 

  

Head of Department 

JSC ‘Atomenergoproekt’ 

Moscow 

 

 

Mikhail Maltsev has more than 25 years’ experience in the 

nuclear energy sector. Main activities – accident analyses, 

hydrogen safety, development of PSAR/FSAR documentation.  

In terms of international experience, he has participated in 

several IAEA Projects, and was the leader of the Russian team 

working group during the EUR assessment of the AES-92 design. 
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Henri PAILLERE 

 

Nuclear Energy Analyst  

Nuclear Development Division  

Nuclear Energy Agency (NEA) 

  

Henri Paillère is a nuclear energy analyst at the Nuclear Energy 

Agency which he joined in October 2011. Prior to that 

appointment, he worked as an R&D Program Manager for the 

Alstom Power Nuclear Business (2009-2011). Before that, he 

worked at the French Atomic Energy Commission (CEA) for 

thirteen years, successively as a research engineer in the field of 

thermal hydraulics and severe accidents, head of laboratory and 

finally program manager for European cooperation activities. He 

holds a PhD in Computational Fluid Dynamics from the 

Université Libre de Bruxelles in Belgium (1995), a MS in 

Aerospace Engineering from the University of Michigan in the 

United States (1991) and a diploma from French engineering 

school ENSTA (1991). 

 

Henri PELIN 

 

WNA Senior Adviser 

 

Before his assignment in the WNA in June 2014, Henri PELIN has 

had 30 years’ experience in energy industry within various EDF’s 

Departments. 

Since 2010, Mr. Pelin was Deputy Director for International 

Affairs, in EDF Generation Division (the largest world nuclear fleet 

of 58 plants representing 63GW), particularly in charge of 

development of new projects and relation with international 

organisations, such as IAEA. 

Between 2003 and 2008, Mr. Pelin has worked in EDF’s Corporate 

Strategy Division as Deputy Director particularly responsible for 

Industrial Matters (development, relation, mid and long term 

strategy) where he has been in position to have a large overview 

of the main world industrial and environmental concerns, in 

particular in nuclear fields. 

Between 2000 and 2002 Mr. Pelin has been assigned as 

Managing Director of an EDF’s subsidiary in Mexico for 

developing, building and commissioning a gas combined cycle, 

in partnership with the Mexican electricity company (CFE) and 

with a Japanese company as turnkey subcontractor. Mr. Pelin is 

familiar with working in an international context.  

Between 1980 and 2000, Mr. Pelin has been involved at various 

levels in nuclear engineering, from the design (development of 

post-accidental operational strategy) to engineering for the 

existing plants. From 1994 to 2000, Mr. Pelin has been directly 
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involved in international projects related to safety improvements 

in Eastern Europe (Slovakia, Bulgaria, Ukraine).  

Within the WNA, H. Pelin is bringing all his experience and his 

deep technical knowledge of the nuclear energy for the benefit 

of the nuclear industry through direct involvement in supporting 

and advising the Director General as well as the working group’s 

directors, mainly as regarding the fuel cycle, the supply chain and 

CORDEL activities. 

 

Jacques PIRSON 

 

Technical Director in Nuclear 

Plant Design 
Nuclear Department 

TRACTEBEL ENGINEERING 

GDF SUEZ Group 

Jacques PIRSON is an engineer graduated from the Polytechnic 

School of Louvain-La-Neuve (in Belgium); he has studied a 

Master in Mechanical Engineering (1978) and a Degree in 

Management (1994). 

He joined TRACTEBEL ENGINEERING (in Belgium) in 1982. Up to 

2005, he worked as a system design engineer within the Nuclear 

Engineering Department of TRACTEBEL ENGINEERING, where he 

led a system design engineers team. His main activities consisted 

of support studies for the Belgian Nuclear Power Plants.  

In the period 1998-2007, he was in charge of the TRACTEBEL 

ENGINEERING’s activities for the R&D projects funded by the 

European Commission and related to the new nuclear reactor 

concepts including the fission and fusion reactors (High 

Temperature gas cooled Reactors (HTR), Accelerator Driven 

Systems (ADS), International Thermonuclear Experimental 

Reactor (ITER). He participated in several projects of the 

Framework Programmes related to the safety approach and 

licensing issues of HTR reactors. 

Up to 2010, he was also Plant Design Manager for the new 

nuclear power plant projects of the GDF Suez Group. 

Since 2010, he is Technical Director in charge of the coordination 

of the studies performed by TRACTEBEL ENGINEERING for the 

lifetime extension of the Belgian units Doel 1-2 and Tihange 1. 
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David POWELL 

 

GE Hitachi Vice President  

Nuclear power plant sales - 

Europe 

Dr. David Powell is GE Hitachi Vice President for nuclear power 

plant sales in Europe and leads the GEH efforts to deploy the 

PRISM in the UK. Powell has over 30 years of experience in the 

nuclear industry, initially with British Nuclear Fuels plc. and then 

later with the Westinghouse Electric Company. David has held a 

number of senior positions developing and running nuclear 

businesses, including responsibility for Westinghouse’s European 

fuel business and working in Tokyo, Japan as President of 

BNFL/Westinghouse Japan. 

Powell was named by the Young Generation Network (YGN) as 

the 2012 recipient of their Outstanding Contribution Award, 

presented for his leadership and commitment to the industry and 

he is an active STEM Ambassador. He holds a Doctor of 

Philosophy in metallurgy from the University of Manchester and 

is a Chartered Engineer and Fellow of the Institute of Materials. 
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Fiona RAYMENT 

 

Director for Fuel Cycle 

Solutions  

NNL 

Fiona is the Director for Fuel Cycle Solutions within the NNL, 

covering technology developments in advanced fuels, spent fuel 

management, asset care, safety, security & safeguards. Fiona is a 

chartered Chemist with a BSc (Honours) and a PhD in Chemistry 

from University of Strathclyde. She is a Fellow of the Royal 

Society of Chemistry and of the Nuclear Institute. She has an 

MBA from Manchester Business School.  

Fiona has twenty years nuclear industry experience, working 

primarily within technology, operations and strategic planning 

roles across a number of different nuclear sites both in the UK 

and internationally.  

Fiona is also a board member of the National Skills Academy 

Nuclear, a member of the Fusion Advisory Board and the Office 

of Nuclear Regulation Advisory Board. She is also on the Nuclear 

Institute Board of Trustees. 

 

Jože ŠPILER  

 

Manager planning  

New NPP Krško 2  

Slovenia 

Jože ŠPILER holds a BSc in Electrical Engineering from the 

University of Ljubljana. 

He has 30 years of experience at Krško NPP in Commercial 

Nuclear Energy Development including Engineering, Safety, 

Licensing and Accident Management. 

He is a lecturer at several different IAEA training courses in the 

area of nuclear safety and licensing and has participated in 

different IAEA advisory missions. 

Since 2006, he is the Head of Technical Sector and Investments 

at GEN Energija, with responsibility for planning and preparatory 

activities for nuclear new build in Slovenija - Krsko 2 project. 
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Caroline THEVENOT 

 

Responsible for Innovative 

Light Water Reactors studies 

Commissariat à l’Énergie 

Atomique et aux Énergies 

Alternatives (CEA) 

 

Caroline THEVENOT is a mechanical engineer. She has been 

working at CEA (Commissariat à l’Energie Atomique et aux 

Energies Alternative) since 2001. During 8 years, she was in 

charge of pre-conceptual designs of innovative components and 

their integration in reactor concepts (advanced LWR and 

Generation IV concepts). In 2009, she joined the European 

Commission as Seconded National Expert to work on the 

implementation of the Strategic Energy Technology Plan, the EU 

Research and Innovation policy in the field of Energy 

Technology.  Since September 2014, she is in charge of 

Innovative Light Water Reactors studies for CEA. 

 

 

Harri TUOMISTO 

 

Senior Nuclear Safety 

Officer 

Fortum, Power Division 

Finland 

 

Dr. Harri Tuomisto keeps currently the position of Senior Nuclear 

Safety Officer at Fortum's Nuclear and Thermal Power Division. 

Fortum is a Nordic energy company owning and also operating 

nuclear assets in Finland and Sweden. Earlier Dr. Tuomisto has led 

both nuclear development and nuclear engineering in Fortum as 

well as nuclear safety oversight.  

He has more than thirty years' career in nuclear engineering, 

thermal hydraulics and safety research, particularly supporting the 

Loviisa nuclear power plant and preparatory studies for new build 

nuclear in Finland. He has also been engaged in many 

international efforts promoting and supporting the safe operation 

of nuclear power plants. 
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Andrew WHITE 

 

Senior Nuclear Safety 

Analyst 

Nuclear Safety Division 

Nuclear Energy Agency (NEA) 

 

Andrew White joined the NEA’s Nuclear Safety Division in March 

2013 as a senior nuclear safety analyst responsible for supporting 

activities of the Committee on the Safety of Nuclear Installations 

(CNSI).  Prior to working for the NEA, Mr. White spent 30 years 

working for Atomic Energy of Canada Limited.  He started with 

AECL in 1982 after graduating from the University of Waterloo 

with a Masters in Mathematics.  Upon joining AECL, Mr. White 

led research activities into the corrosion behaviour of zirconium 

alloys used for fuel cladding and reactor core components in 

CANDU reactors.   In 1997, he was appointed Manager for the 

Fuel Safety Branch, a group performing research to support 

safety of CANDU fuel.  Mr. White went on to assume 

responsibility in 2002 for the full range of AECL’s nuclear safety 

research activities as Director of the Reactor Safety Division.   In 

2006, Mr. White became AECL’s Chief Regulatory Officer, 

providing oversight to the licensing of AECL’s nuclear 

operations.  His role was subsequently broadened to include 

General Manager, Programs and Nuclear Oversight, responsible 

for the programmatic and oversight activities required to safely 

conduct AECL’s nuclear operations (e.g. radiation protection, 

environmental protection, security, audit and assessment, etc.). 

 

 

Hongxing YU 

 

 --- 

Director of Science and Technology on Reactor System Design 

Technology Laboratory / Vice-director of Design and Research 

Sub-Institute of Nuclear Power Institute of China. 

His technical responsibilities are thermal-hydraulic and safety 

analysis for innovative and advanced reactor design. 
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 Future activities 
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Sustainable energy mix and cost effective 
decarbonization 

Nuclear - renewable 

energy mix: 

 Public health and safety 

 Security of supply 

 Sustainability 

In Europe we can observe 2 trends in energy policy 
 Nuclear - renewable energy mix 

 Fossile - renewable energy mix 
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Results EC ENERGY ROADMAP 2050 

20% nuclear scenario 2050 
~ 140 units of 1000 MW 
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Nuclear energy decisions 

 Strategic/political decisions 
 Aditional generation capacity evaluation 

 Energy mix selection 

 Sustainability verification 

 

 

 Regulatory decisions 
 Site 

 Design 

 Construction 

 Operation 

 Decommissioning 

 

 

 Investment decisions 
 Business model 

 Investment model  

 
 

 
 
 

Energy 

trilemma 

Affordability 
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In 1991 the major European electricity utilities formed an 
organisation to develop the European Utility Requirement (EUR) 

EUR today: a mature cooperative organisation of 
European utilities 
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The EUR objectives 

 

 

 A utility network  

 To share experience in plant specification, design evaluation, licensing … 

 To develop common specifications for the European Gen 3 NPPs 

 

 To reduce licensing risks 

 High safety objectives: common rules valid for a long enough time and in a wide enough area 

 Seek for improved acceptance  

 Safety harmonisation : within Europe and, as far as possible, with USA 

 

 To increase plant competitiveness  

 allowing the development of standard designs usable throughout a wide area  

 promoting cost-effective design features 

 establishing conditions for a fair competition between the vendors 

 

 To deal with the open European electricity market  

 Harmonised and standardized design requirements 
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The EUR document: a generic Gen 3 LWR 
specification 

 

 

 A specification written by investors & operators 

 Wide experience basis  (17 operators in Europe & 7 different vendors) 

 Not a regulatory document 

 Open 

 Design objectives and functional requirements 

 Fits all the designs of interest to the European utilities 

 Modular structure, versatile, easy to adapt 

 Neutral 

 Does not favour any specific design  

 Seldom forbids, except where there is a bad operation experience or an unacceptable 

industrial risk 

 Benchmarked 

 Other industrial specifications (EPRI-URD), regulatory documents, international design guides 

 Real Gen 3 designs  

 A possible base to call for bids 
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The EUR document 

 

 

Applications of EUR 
to specific projects 

volume 3 

generic 
 conventional island 

 requirements 

volume 4 

main policies 
& objectives 

generic  
nuclear island  
requirements 

volume 1 volume 2 

Revision A: Mar. 1994 
Revision B: Nov. 1995 
Revision C: Apr. 2001 
Revision D: Oct. 2012 

Revision A: Nov. 1996 
Revision B: Mar. 2000 
Revision C: Oct. 2007 
Revision D: Oct. 2012 

BWR 90: 06/1999 
EPR rev A: 12/1999 

EP1000: 12/1999 
ABWR:12/2001 

SWR 1000: 02/2002 
AP1000: 06/2006 
AES92: 06/2006 

EPR rev B: 06/2009 
APWR: 10/2014 
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Main policies considered in the EUR document 

 

 
 Nuclear safety 

 Operational performance 

 Public acceptance 

 Investment protection 

 Capital cost of new build 

 Standardisation 
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Safety 

 

 

 

 Deterministic approach to be implemented first (design basis) 

 Defence in depth: several barriers and redundant mitigation systems must be provided 

 Safety classification, 

 

 Design Extension approach and severe accidents mitigation (Beyond 

Design Basis) 

 

 Physical protection (external hazards and attacks) 

 

 Prevention of early containment failure 

  Multiple failures considered in the design (diversity) 

 

 Probabilistic risk assessment 
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Performance requirements 

 

 

 Large output: 600 to 1800 Mwe 

 

 Lifetime 60 years  

 

 Expected availability > 90% over 20 years 

 

 Outage durations: refuelling only in 14 days, refuelling + regular maintenance in 

20 days, in-service inspection in 40 days, … 

 

 Margin policy: core reload flexibility (MOX capability) 

 

 Spent fuel storage: 10 years of UO2 fuel, 15 years of MOX fuel 

 

 Load follow capability 

 

 100% rated power load rejection capability 

 

 Simplification of SSCs 
 



EUR Course  -  03.2014    page 13 
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EUR Revision D October 2012: inputs 

A lot of preparatory material gathered by the EUR 

organisation since 2001 to improve the text: 

 Feedback from project evaluations 

 Comparisons with other specifications 

 Analyses of the recent regulatory documents vs. EUR 

 New policies and new chapters 

 Initial Fukushima lessons learned 
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EUR Revision D October 2012: major evolutions 

 

 

 Five levels of Defence in Depth 

 

 Consideration of intentional aircraft crash 

 

 First limited consideration of Fukushima Lessons Learned (i.e. 

clarification of some topics as list of hazards, 

  

 Improvements of plant availability including shorter outage duration 

(refuelling and regular maintenance outage in 16 calendar days instead 

of 20) 

 
 Incorporation of state-of-the art knowledge in decommissioning and 

consideration of environmental impact with a new dedicated chapter 

 

 60-year design lifetime as a requirement 
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Started April 2014 revision E 

 Derive EUR requirements which are in line with the newest international safety standards, in 

particular the recent versions of IAEA and WENRA documents 

 

Safety Classification update inputs IAEA and IEC standards and recent licensing experience 

 

 Lessons learned from the Fukushima accident 

 

   Criteria for Limited Impact (CLI) 

 

   Instrumentation and Control (I&C) 

 

   The other main technical fields: 

 Seismic Approach, 

 Probablistic Safety Assessments, 

 Layout, 

 Grid connection, 

 Pipe Break. 
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Reinforced dialogue 
 with the stakeholders 

 
 
 

 Reinforced interaction with other 
industry groups and stakeholders: 
 EUR/ENISS agreement signed in 2008 in order to join 

their effort on new reactors with IAEA and WENRA 
organizations 

 

 EUR/CORDEL (WNA) agreement to coordinate their 
efforts in relation with 
the MDEP initiative 

 

 EUR/EPRI collaboration frame established to revisit 
the comparison with the EPRI-URD issued in the 90’s 

 

 Collaboration with IAEA/NP on new plants deployment 
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Training and access policy 
 

 2 important tasks of the EUR organization 

 

 4 one-week to 3 day courses organized 

 

 Open access policy to utilities that are potential users 

 Whole EUR document 

 Copyrights, specific conditions of use 

 

 Restricted access to volume 3 

 A vendor can deny access to any external party 

 

 Volume 1, 2 readable at www.europeanutilityrequirements.org 
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Conclusions 

 EUR Organisation 

 one of the key players for European Nuclear New Built 

 in interaction with all the major stakeholders 

 EUR tribute to harmonisation and standardisation 

 first priority for a harmonious nuclear renaissance development for utilities and 

vendors 

 EUR generic technical specifications  

 fully operational  

 may be used by utilities or other bodies 

 EUR development is going on - main technical priorities  

 with new Gen 3 designs assessments EU-APR1400 (KHNP) and the VVER TOI (AEP 

design, submitted by REA) 

 with the update of the requirements (towards rev. E) 
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EPRI Utility Requirement Document   
 

11 February 2015  
 
 

Sang-Baik KIM 
 

Analyst, NEA NDD 
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Overview of URD 

2 

• Background and Objectives 
- Purpose of the URD is to present a clear, comprehensive set of design     
  requirements for the next generation of nuclear plants 
- The requirement are grounded in proven technology of 50 years of commercial  
  U.S. and international light water reactor (LWR) experience 
- The utility design requirements build on the current LWR experience base,  
   connecting problems which existed in operating plants and incorporating 
   features which assure a simple, robust, and more forgiving design.  

 

•  EPRI’s Utility Requirement Document (URD) established framework for 
advanced light water reactors(ALWR) that provides:  
   -  A stabilized requirement basis for new technologies 
   -  A standardized set of requirements for use in design certification 
   -  A standardized set of requirements for future owner bid packages  
This framework can provide the basis for successful design, licensing and 
deployment of advanced light water reactors. 
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Brief History of EPRI URD 

3 

• 1983 – Feedback from a survey of nuclear utility executives: nuclear power 
plants must be safer and simpler, competitive, standardized, and pre-licensed by 
the U.S. NRC 

•  1985 – The EPRI ALWR Program is launched. Initial focus of the ALWR program 
was on the development of a utility  requirement document to facilitate 
standardization.  

•  1990 – The first completed version of URD was published 

•  After revised several times to reflect continuing feed back from the design 
certification projects and interactions with the NRC. The NRC approved the 
evolutionary and passive plant URDs in 1992 and 1994, respectively.  

• As the detailed development of the three advanced designs (ABWR, System 80+, 
AP-600) has progressed, conformance assessments have been made to assure 
that the designs comply with the URD specifications. Revision 8 of the URD was 
published in 1999. This version incorporated the results of the final design 
certification and first-of-a-kind engineering, which is publically available in EPRI 
Website.    
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 Structure of EPRI URD   

4 

 (Source :  EPRI URD Rev.8, 1999) 
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Top-tier ALWR Design Requirements (I) 

5 

• General utility design requirements 
- Plant type and  size:  PWR or BWR,  to a range of size up to 1350 MWe 
- Safety system concept  
- Plant design life:  60 years 
- Plant siting envelope: acceptable for most available site in U.S,: 0.3g SSE 
 

• Safety and investment protection 
- Accident resistance  
- Core damage prevention 
- Core damage frequency : CDF is less than 10-5 per reactor year 
- Mitigation  
   . Severe accident risk : Whole body dose less than 25 rem at the site boundary 
        for severe accident with cumulative frequency greater than 10-6 per year                         
   . Containment design 
   . Containment margin: maintain integrity & low leakage during severe accident 
   . Licensing source term 
   . Hydrogen control 
   . Emergency planning 

•  
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Top-tier ALWR Design Requirements(II)  

6 

• Performance 
- Design availability:                        87% 
- Refueling interval :                        24 month capability  
- Unplanned automatic scrams:    less than 1/year 
- Maneuvering:                                 daily load follow 
- Load rejection 
- Operability and maintainability 
- Man-Machine interface  

• Design Process and constructibility 
- Total time from owner commitment to construct to commercial operation 
- Construction time from first concrete to commercial operation  
- Design status at time of initiation of construction 
- Design plan for construction  
- Desgn process 

• Economics  
- Cost goal 
- Resulting quatified cost goals  

•  
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U.S. NRC’s Review (: NUREG-1241)  

7 

• The U.S. NRC was directly involved in the process by reviewing the Utility 
Requirements Document, that is applicable to the design of an Advanced Light 
Water Reactor (ALWR) power plant. In 1994 finally the NRC published a Safety 
Evaluation Report (SER) detailing their review of the requirements for each 
type of ALWR. 
 

• The NRC has prepared Volume 1, 2 and 3 of its safety evaluation report to 
document the results of its review of Volume I, II and III of the URD.  
- Volume 1 provides a discussion of the overall purpose and scope, the 
background, the review approach, and a summary of  policy and technical 
issues raised.  
- Volume 2 and 3 give the results of the staff’s review of the 13 chapters of the 
URD for evolutionary plant designs and passive plant designs, respectively.  
- The format of Volume 2 and 3 follows that of Volume II and III of the URD as 
closely as possible.  
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U.S. NRC’s Review (: NUREG-1241)  

8 

• NRC Review Criteria and Policy Issues  
: In reviewing URD, the staff is using NUREG-0800 (Standard Review Plan), and 
reflects the requirements of 10 CFR Part 52, and the commission’s  policy 
statements on severe accident (50 FR 32138) and safety goal (51 FR 28044).  
The commission papers were issued to address the policy issues. 
- “Evolutionary Light Water Reactor Certification Issues and their Relationship 
to Current Regulatory Requirements (SECY-90-016)” 
- “Chapter 11 of the EPRI’s Requirements Document and Additional 
Evolutionary Light Water Certification Issues (SECY-91-078)” 
- “Issues Pertaining to Evolutionary and Passive Light Water Reactors and Their 
Relationship to Current Regulatory Requirements” (Feb. 27, 1992) 
- “Design Certification and Licensing Policy Issues Pertaining to passive and 
Evolutionary Advanced Light Water Reactor Designs”  (July 6, 1992)  

• Subject to the resolution of the identified outstanding issues and vendor- and 
utility-specific items discussed in the SER (Volume 2 and 3), the staff concludes 
that the requirements established in the URD do not conflict with current 
regulatory guidelines and are acceptable.   
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Revision of EPRI URD  

9 

• Revision 10 (15-Dec-2008): 
Significant changes and additions in the areas of ALARA /radiation Protection, 
Seismic and structure criteria, plant cooling water systems and human factors 
engineering /instrument and control.     

• Revision 12 (16-Dec-2014): 
This includes a substantial numbers of revisions that reflect the results of technical 
reviews addressing a number of technical areas, including material selection, 
inspectability, Fukushima lessons learnt, digital I&C, cyber security, probabilistic 
risk assessment, buried piping & tanks, cathodic protection, cables, equipment 
reliability, maintenance, refueling, electrical systems, cooling water & site support 
systems, steam generators, and water chemistry.  

• Revision 13 (05-Dec-2014): 
The introduction summarizes a project by EPRI for small modular light water 
reactors (smLWR) into the URD Rev.12. the introduction covers the scope and 
content of the URD, the process used to revise the URD to include smLWR 
requirements, how to use the URD, and documentation of discussion on topics.  



Workshop on Innovations in Water-cooled Reactor Technologies,  NEA Headquarters, 11-12  February 2015 

Prospect and Benefit of URD 

10 

•  Value of URD Process for Today and Tomorrow’s Designs   
- Incorporate/reflect the thousands of reactor-years of industry experiences 
- Realize significant improvements in safety 
- Stabilize regulatory basis: regulatory optimization, margin to regulation,  
   resolution of state and local regulatory issues 
- Promote standardization  
- Reduce capital and O&M costs 
- Restore investor confidence 
 

• Utility Requirements Document contributes  an international movement to 
Standardization & Harmonization of nuclear designs. The EPRI-URD strongly 
reflects the procedures, rules, regulations, codes and standards being used in 
the United States and utilities in other countries, and also influences the 
development of other regional Requirements Documents  in the European 
Union, Republic of Korea, China.  
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WENRA activities  
on new and existing reactors 
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Agenda 

• A few words about WENRA 

– Objectives 

– Members & observers  

– Working groups (RHWG, WGWD…) 

 

• WENRA-RHWG activities 

– New reactors 

– Existing reactors 

 

• Outlook 
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WENRA (1/3) 

• WENRA is a network of Chief Regulators of EU countries with 
NPPs and Switzerland as well as of other interested European 
countries which have been granted observer status. 

• Original Terms of Reference signed on 4 February 1999, updated in 2010 
• In 1999 WENRA comprised of the heads of nuclear regulatory bodies from 10 

countries.  
• The main objectives of WENRA at that time were to develop a common 

approach to nuclear safety and to provide an independent capability to 
examine nuclear safety in applicant countries.  

• Today (from March 2003)  17 countries are represented in WENRA. 
 

• The main objectives of WENRA are  
– to develop a common approach to nuclear safety, with a commitment to 

continuous improvement of nuclear safety 
– to provide an independent capability to examine nuclear safety in 

applicant countries and  
– to be a network of chief nuclear safety regulators in Europe exchanging 

experience and discussing significant safety issues. 
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WENRA (2/3) 
Members & observers 

• Members 
– Belgium  
– Bulgaria  
– Czech Republic  
– Finland  
– France  
– Germany  
– Hungary  
– Italy  
– Lithuania  
– Romania  
– Slovak Republic  
– Slovenia  
– Spain  
– Sweden  
– Switzerland  
– The Netherlands  
– United Kingdom  

• Observers 
– Armenia  
– Austria  
– Denmark  
– Ireland  
– Luxemburg  
– Norway  
– Poland  
– Russian 

Federation  
– Ukraine  

 

In WENRA countries :  

~ 140 reactors in operation 
and  5 types of NPP 
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WENRA (3/3) 
Working groups 

• Two working groups were launched to harmonise safety 
approaches between countries in Europe  
– Reactor Harmonisation Working Group (RHWG) and  

– Working Group on Waste and Decommissioning (WGWD).  
The mandate of both working groups was to analyse the current situation 

and the different safety approaches, compare individual national regulatory 
approaches with the IAEA Safety Standards, identify any differences and 
propose a way forward to possibly eliminate the differences. The proposals 
were expected to be based on the best practices among the most advanced 
requirements for existing power reactors and nuclear waste facilities. 

– Working group dealing with inspection practices (WIG) was established 
and its mandate is fulfilled (report published in March 2012) 

– Ad-hoc working groups (as needed) 

 

• The aim is to continuously improve safety and to reduce 
unnecessary differences between the countries.  
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Agenda 

• A few words about WENRA 
 

• WENRA-RHWG activities 

– Publications on new reactors 
• Safety objectives for new NPPs 

• WENRA report on safety of new NPP designs 

• WENRA statement on safety of new NPP designs 

– Publications on existing reactors 
• Reference levels 

• Guidance on issue F (design extension) 

 

• Outlook 
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WENRA & new reactors 
Publications 

2013 2008 2010 2011 2012 

RHWG Booklet on 
Safety of new NPP 
designs: call for 
stakeholder comments 
(Nov 2012) 

2009 

Safety Objectives for New Power 
Reactors: call for stakeholder 

comments (Sept 2009) 

WENRA statement on 
safety objectives for 
new nuclear power 
plants (Nov 2010)  

WENRA report on the safety of 
new NPP designs (March 2013) 

WENRA Statement on 
the Safety of New NPP 
designs  (March 2013) 

www.wenra.org 
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WENRA & new reactors 
Safety objectives, published in 2010 (1/4) 

• WENRA work on new reactors safety initiated in 2008 

• Based on a review of the existing national and international (IAEA) 
documentation, which showed consistency among the documents on the 
main lines of expected safety improvements: 

– Reinforce the defence-in-depth (each level and their independence) 

– Extend the design (include severe accidents, as a new level of defence) 

– Reduce the necessity of off-site measures in case of accident 

– Consider safety issues in existing plants 

– Increase components and systems diversity 

– Increase protection against hazards 

– Pay more attention to security and safety/security interface 

– Better consider management of safety 
 

• Development of WENRA safety objectives in 3 steps: 
1.  RHWG report (scope, methodology, proposed objectives, areas of improvements,    

potential quantitative targets…) released in January 2010 

2.  Stakeholders consultation through WENRA website 

3.  WENRA statement released in November 2010 
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WENRA & new reactors 
Safety objectives, published in 2010 (2/4) 

It has been considered timely for 
WENRA to define and express a 
common position on the safety 
objectives of new NPP, so that: 
– new NPPs to be licensed across 

Europe in the next years will be 
safer than the existing ones, 
especially through improvements of 
the design; 

– regulators press for safety 
improvements in the same direction 
and ensure that these new plants 
will have high and comparable levels 
of safety; 

– applicants take into account this 
common position when formulating 
their regulatory submissions. 

• WENRA considers that the design of new NPPs 
shall take into account the operating experience 
feedback, lessons learnt from accidents, 
developments in nuclear technology and 
improvement in safety assessment. 

 

• These safety objectives are formulated in a 
qualitative manner to drive design enhancements 
for new plants with the aim of obtaining a higher 
safety level compared to existing plants.  

For instance, these safety objectives call for an 
extension of the safety demonstration for new plants, in 
consistence with the reinforcement of the defence in 
depth. Some situations that are considered as “beyond 
design” for existing plants, such as multiple failures 
conditions and core melt accidents, are considered in 
the design of new plants. 

 

• Compared to currently operating NPPs, 
WENRA expects new nuclear power 
plants to be designed, sited, constructed, 
commissioned and operated with the 
objectives of:  
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WENRA & new reactors 
Safety objectives, published in 2010 (3/4) 

• O1. Normal operation, abnormal 
events and prevention of accidents 

• Reducing the frequency of abnormal 
events 

• Better controlling abnormal events 
 

• O2. Accidents without core melt 
• No or only minor off-site radiological 

impact 

• Reducing, as far as reasonably achievable, 
the core damage frequency 

• Reducing, as far as reasonably achievable, 
the radioactive releases from all sources 

• Reducing the impact of external hazards 
and malevolent acts 

 

• O3. Accidents with core melt 
• Reduce potential releases, also in the long 

term 

– Accidents leading to large or early 
releases: practically eliminated 

– Other core melt accidents: only 
limited protective measures in area 
and time  

• O4. Independence between all levels of 
defence-in-depth 

• Enhancing the effectiveness of the 
independence 

 

• O5. Safety and security interfaces 
• Integration, seeking synergies between 

safety and security 

• O6. Radiation protection and waste 
management 

• Reducing as far as reasonably achievable 
– Individual and collective doses 

– Radioactive discharges to the environment 

– Quantity and activity of radioactive waste 

 

• O7. Leadership and management for 
safety 

• The licensee shall have sufficient in house 
technical and financial resources 

• From the design stage, all organisations 
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WENRA & new reactors 
Safety objectives, published in 2010 (4/4) 

• Use in UK GDA process : ONR Summary of the detailed design 
assessment of the Electricité de France SA and AREVA NP SAS UK 
EPRTM nuclear reactor (Step 4 of the GDA process) - 14 December 2011  
–  “In 2009, a set of safety objectives for new power reactors (Reference 

22), updated in November 2010. ONR was active in the development of 
these objectives and we consider them to be in line with our own SAPs, 
and therefore are included within GDA. As a result, we conclude that, 
once the GDA Issues have been dealt with, and the GDA Assessment 
Findings adequately addressed, the UK EPR™ will meet the WENRA 
safety objectives for new reactors.“ 

• 22 WENRA statement on safety objectives for new nuclear power plants Western European 
Nuclear Regulators’ Association November 2010 Available via www.wenra.org  

 

• Use in France for the review of Atmea 1  safety options (31 January 
2012) 
– ASN opinion : “Having regard to the safety objectives defined in 

November 2010 by the Western European Nuclear Regulators’ 
Association (WENRA) for new nuclear power plants ; “ 

– ASN staff report: “ASN staff did not, at the safety options stage, identify 
any incompatibilities between the safety options for the ATMEA1 
reactor and the safety objectives as set out by WENRA. However, this 
will require confirmation in the event of a possible creation authorisation 
application as, so far: 
• the location site for the reactor is unknown, which implies that the scale of the 

external hazards (both natural and human) and the demographic and natural 
environment (in the context of the possibilities for effective counter-measures) are 
unknown; 

• the operator and the detailed design of the installation are still unknown.” 
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WENRA & new reactors 
Report on safety of new NPP designs, published in 2013 (1/5) 

• The WENRA safety objectives are by nature high level  When the WENRA 
statement was published in November 2010, it was already recognized that 
supplementing them with some more detailed common positions on selected 
issues would help to clarify the meaning.  

• “These 7 safety objectives … will be the basis for further harmonization work… Based on these 
safety objectives, WENRA is currently developing positions on selected key issues for the design of 
new NPPS.” 

 

• The 2013 WENRA report (“booklet”) was established as a result of the 
following steps: 
– First phase : initial list of topics to be addressed 

• Intentional crash of a commercial airplane 
• Defence-in-Depth approach for new NPPs 
• Independence of Defence-in-Depth levels 
• Practical elimination 
• Provisions to mitigate accidents with core melt and their radiological consequences 

– Second phase : additions to this list 
• Multiple failure conditions 
• External hazards 

– Third phase : consistency check with lessons learned from Fukushima accident 
 

– Stakeholder consultation through WENRA website (late 2012) 
– Final version endorsed by WENRA (March 2013) 
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WENRA & new reactors 
Report on safety of new NPP designs, published in 2013 (2/5) 

• The “booklet” sets out the common positions established by the RHWG on 
the selected key safety issues.  
– The safety issues were chosen on the basis that they were particularly relevant to 

the expectations for new reactors in comparison with existing reactors.  

– The topics were selected so that they would be relevant for the design of new 
reactors, constitute an entity and also to make it possible to complete the work 
by the end of 2012, taking into account the resources of the RHWG.  

 

• The “booklet” presents WENRA safety expectations for the design of new 
NPPs.  
– These expectations are defined in addition to recent design requirements 

presented in international texts such as the ones presented in IAEA SSR-2/1 
(2011).  

– The work was initiated and also a major part of the work was carried out before 
the TEPCO Fukushima Daiichi accident  the report discusses also some 
considerations based on the major lessons from this accident, especially 
concerning the design of new NPPs, and how they are covered in the new reactor 
safety objectives and the common positions.  
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WENRA & new reactors  
Report on safety of new NPP designs, published in 2013 (3/5) 

01  Introduction    
02  WENRA safety objectives for new nuclear power plants 
03  Selected key safety issues 

03.1  Position 1: Defence-in-depth approach for new 
nuclear power plants 

03.2  Position 2: Independence of the levels of 
Defence-in-depth 

03.3  Position 3: Multiple failure events 
03.4  Position 4: Provisions to mitigate core melt and 

radio-logical consequences 
03.5  Position 5: Practical elimination 
03.6  Position 6: External hazards 
03.7  Position 7: Intentional crash of a commercial 

airplane 
04  Lessons Learnt from the Fukushima Dai-ichi accident  

04.1  External hazards 
04.2  Reliability of safety functions 
04.3  Accidents with core melt 
04.4  Spent Fuel Pools  
04.5  Safety assessment 
04.6  Emergency preparedness in design 

Annex 1  WENRA Statement on Safety Objectives for New 
Nuclear Power Plants, November 2012 
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WENRA & new reactors  
Report on safety of new NPP designs, published in 2013 (4/5) 

O1 
Normal operation, 
abnormal events 
& prevention of 

accidents 

O2 
Accidents 
without 

core melt 

 

O3 
Accidents 
with core 

melt 

 

O4 
Independence 

between all 
levels of DiD 

 

O5 
Safety & 
security 

interfaces 

 

O6 
Radiation 

protection & 
waste 

management 

 

O7 
Leadership & 
management 

for safety 

 

Position 1: Defence-in-depth 
(DiD) approach for new NPPs     

Position 2: Independence of 
the levels of DiD  

Position 3: Multiple failure 
events  

Position 4: Provisions to 
mitigate core melt and radio-
logical consequences 

 

Position 5: Practical 
elimination  

Position 6: External hazards  

Position 7: Intentional crash 
of a commercial airplane   
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WENRA & new reactors 
Report on safety of new NPP designs, published in 2013 (5/5) 

Common position on 
selected key safety issues 

Lessons from the TEPCO 
Fukushima Daiichi accident 
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WENRA & Existing reactors 
Publications (1/2) 

2013 2008 2010 2011 2006 2012 

Harmonisation of 
Reactor Safety in 

WENRA countries (Main 
Report, January 2006) 

 

Revised WENRA  
Terms of Reference 

(March 2010) 

The proposal by the 
WENRA Task Force 
about “Stress tests” 
specifications (April 
2011) 

Progress towards 
harmonisation of 
safety for existing 
reactors in WENRA 
countries (Jan. 2011) 

WENRA Conclusions arising from 
the Consideration of the Lessons 
from the TEPCO Fukushima Dai-ichi 
Nuclear Accident (May 2012) 

Pilot study on Long term 
operation (LTO) of 
nuclear power plants 
(March 2011) 

RLs for operating reactors 
(Jan 2008) 

WENRA Position Paper 
on Periodic Safety 
Reviews (April 2013) 

www.wenra.org 
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WENRA & Existing reactors 
Publications (2/2) 

2013 2014 2015 2012 

WENRA Conclusions arising from 
the Consideration of the Lessons 
from the TEPCO Fukushima Dai-ichi 
Nuclear Accident (May 2012) 

www.wenra.org 

WENRA Recommendation on 
flaw indications (August 2013) 

Public consultation on draft 
updated RLs (Nov. 2013) 

RLs for existing reactors 
(Sept 2014) 

Guidance on  
Issue F 

(Oct 2014) 

WENRA Statement regarding the revision of the 
RLs for existing reactors taking into account the 
lessons learned from the TEPCO Fukushima Dai-
ichi Nuclear Accident (Oct 2014) 
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WENRA & Existing reactors  
Learning from the Fukushima Dai-ichi accident 
• Spring 2011 : development of a specification for the EU Stress Tests 

 

• Spring 2012 : WENRA Conclusions arising from the Consideration of 
the Lessons from the TEPCO Fukushima Dai-ichi Nuclear Accident 
– WENRA is ready to tackle further issues as necessary on the basis of the lessons 

learned from the Fukushima accident. WENRA’s commitment is to proceed along 
the path of defining or revising existing RLs as well as developing guidance 
documents for practical use by regulators.  

– Creation of new working groups in the RHWG:  
• T1 Natural Hazards  

– WENRA will produce updated harmonised guidance for the identification of natural hazards, their assessment 
and the corresponding assessment for “cliff-edge” (margins) effects. RLs will be updated accordingly. 

• T2 Containment in Severe Accident  
– WENRA will review RLs in light of the various measures identified to prevent containment overpressurisation, 

including those relevant for hydrogen mitigation and containment venting, and modify them if necessary. 

• T3 Accident Management  
– WENRA will review RLs in light of the various measures identified in relation to organisational and material 

arrangements for preventing or mitigating a significant radiological release, and modify them if necessary. 

• I.4 Mutual assistance 
– WENRA will put in place arrangements for mutual assistance amongst regulatory bodies in responding to 

nuclear accidents in one of its members’ states. 

– The results from the stress tests and conclusions from the CNS 2012 will be 
incorporated as soon as they become available. 
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WENRA & Existing reactors  
RLs for existing NPPs: 2006-2011 
• Established in 2006, updated in 2007 and 2008 
• Set of about 300 consensual reference levels (RLs) 

throughout WENRA countries 
– Safety management 

• safety policy, operator’s organization, 
• quality management, training and certification 

– Design 
• design check and improvement, safety classification, 

design envelope of light-water reactors 

– Operation 
• operating limits and conditions, ageing management 
• experience feedback, maintenance, accident 

procedures,  accidents beyond the design basis 

– Safety verification 
• contents of the safety report, PSA, re-examinations, 

changes 

– Emergency situations 
• on-site emergency preparedness, internal fires 

 

• Status report published by WENRA in March 2011 



11 February 2015 OECD/NEA Workshop on Innovations in Water Cooled Reactor Technologies 21 

WENRA & Existing reactors  
RLs update in the light of Fukushima Dai-ichi accident 

A Safety Policy 

B Operating organisation 

C Management system 

D Training and autorisation of NPP staff 

E Design basis envelope for existing reactors 

F Design extension of existing reactors  

G Safety classification of structures, systems and components 

H Operational limits and conditions 

I Ageing management 

J System for investigation of events and operational experience feedback 

K Maintenance, in-service inspection and functional tests 

LM Emergency operating procedures and severe accident management guidelines 

N Contents and updating of safety analysis report 

O Probabilistic safety analysis 

P Periodic safety review 

Q Plant modifications 

R On-site emergency preparedness 

S Protection against internal fire 

T Natural hazards 

Area where 
most 

changes 
occurred 

New issue 
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WENRA & Existing reactors  
RLs for existing NPPs: 2014 version 

Safety area Issue Number of RLs 

Safety Management 

A – Safety Policy 9 

B – Operating organisation 15 

C – Management system 26 

D – Training and authorization of NPP staff 15 

Design 

E - Design basis envelope for existing reactors 46 

F – Design extension of existing reactors  25 

G – Safety classification of structures, systems and components 7 

T – Natural hazards 19 

Operation 

H – Operational limits and conditions 19 

I – Ageing management 8 

J – System for investigation of events and operational experience feedback 16 

K – Maintenance, in-service inspection and functional tests 20 

LM – Emergency operating procedures and severe accident management 
guidelines 

20 

Safety verification 

N – Contents and updating of safety analysis report 17 

0 – Probabilistic safety analysis 16 

P – Periodic safety review 9 

Q – Plant modifications 15 

Emergency preparedness 
R – On-site emergency preparedness 20 

S – Protection against internal fire 20 

overall, 
342 RLS 
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WENRA & Existing reactors 
Guidance on issue F (design extension) 
• Published in October 2014 to  

– provide explanations of the intent of the RLs of 
Issue F,  

– contribute to a consistent interpretation  

– permit insights into the considerations which 
have led to their formulation.  

 

• Goes through each RL of issue F and, where 
necessary also provides background 
information (for easy reference) 

 

• It also includes: 
– a listing for design extension conditions which 

are needed to be taken into account in the 
safety analyses.  

– a listing of initiating and consequential events 
for design basis accidents although it is 
relevant for Issue E (Design Basis Envelope for 
Existing Reactors).  
• This contributes to an overall picture of the 

foundation for both design basis accidents and 
design extension conditions 
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RHWG work 
Outlook 

• Post Fukushima Dai-ichi actions : 
– Developing guidance on natural hazards (earthquake, floods, extreme 

weather)  

– Finalize the database DEEPER (giving general background information 
about European reactor designs, useful in an emergency) 

 

• Other ongoing tasks 
– Follow-up on implementation of new RLs, also in the context of the new 

EU Directive on Nuclear Safety 

– Overall review of the RLs, to take account of new IAEA publications and 
safety development 

– Develop WENRA views on new topics, having safety implications both on 
existing and new reactors: 
• Passive systems 

• Practical elimination 

– … 
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Thank you. 
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RADIATION AND NUCLEAR SAFETY AUTHORITY 

Olkiluoto (TVO) 
• 2 - ABB BWR 

• OL3 (EPR) under construction 
• OL4 Decision in Principle 

•Spent fuel storage 
•VLJ cave 

• Posiva  “Onkalo” 

Loviisa NPP (Fortum) 
• 2  - VVERs 

•Spent fuel storage 
• VLJ cave 

 
 

Fennovoima 
• Decision in Principle for FH1, 

Hanhikivi/Pyhäjoki 

Nuclear Power Plants in Finland 

Photo: TVO 

Photo: Fortum 
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Finnish nuclear legislation and safety requirements 
 Nuclear Energy Act 

 “nuclear energy utilisation shall be safe”;  
“licensee is responsible for safety”, other 
principal safety req’s (including security and 
on-site EP) 

 Nuclear Energy Decree  
 administrative details for licensing and 

regulatory oversight 

 Government Decrees   
 mandatory requirements for Nuclear safety, 

Emergency preparedness, Nuclear security, 
Nuclear waste management 

 general principles, fundamental technical 
requirements, radiological acceptance 
criteria etc.  

 YVL Guides  
 status as Reg. Guides in USA  

 detailed technical requirements, acceptable 
practices, guidance for licensee-STUK 
interaction, STUK’s oversight 

Constitution 

Laws, Decrees  

YVL Guides 

Standards 

Government Decrees  
1991: Nuclear safety, 
Emergency preparedness, 
Nuclear security, Nuclear 
waste management 
1999: spent fuel final disposal 
facilities 
2008: the updating of the 
mandatory requirements 
before renewal of YVL Guides 
2013: the updating of the 
requirements for safety and 
emergency arrangements 

Proposal in the 
Parliament:  a new 
level,  STUK 
mandatory 
requirements 
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Nuclear safety in Finland 

International and national OPEX is systematically reflected in the 
regulations and YVL guides 

  

 

 

 

 

 

 

 

 

Inputs to rule making are such as national legal framework, 
benchmarking, OPEX and research.  

Nuclear Accident Requirement 

TMI DiD design, Severe accident management 

Chernobyl Safety culture 

TEPCO Fukushima Dai - ichi External hazards 
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Evolution of the Finnish YVL Guides in 1975 - 2012 

References in the YVL Guides 

• General Design principles of a 
Nuclear Power Plant, 1976 

– 55 criteria 

– Based on 10CFR50, Appendix A 

 

• YVL 1.0 Design principles of a 
Nuclear Power Plant, 1982 

– State of the Art requirements 

 

• Consideration of the IAEA Safety 
Series after midd-1980 
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The safety level of updated regulations  and guides 

IAEA 

– The new Finnish nuclear safety regulations are at least as stringent as the 
existing IAEA Requirements documents 

WENRA 

– The WENRA SRLs (2008) are implemented with the new YVL Guides 

– WENRA Safety Objectives for new reactors (2010) and WENRA report Safety 
of new NPP designs (2013) were taken into account in the new regulations 

Lessons from the TEPCO Fukushima Daiichi accident 

– all available information from the Fukushima accident and different review 
reports were considered in drafting YVL Guides, also the IAEA Action Plan 
and the WENRA report Safety of new NPP designs 

  

The new Finnish nuclear safety regulations ensure a high level of safety, 
the requirements are very advanced and up-to-date as well as 
demanding in international comparison 

 

 6 
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The updating of the Finnish nuclear safety 
regulations and YVL guides in 2006 - 2013 

The safety issues included in the YVL guides revision are such as: 

– a severe accident at a NPP shall not cause the need for extensive 
protective measures of the public nor cause long-term restrictions on 
the use of extensive areas of land and water, 

– introduction of a new DiD sublevel, the protection levels shall be as 
independent from each other as is possible to achieve with reasonably 
practicable measures. 

– diversification of the ultimate heat sink,  

– the removal  of the decay heat in reactor and spent fuel pools for the 
duration of three days independently of external power and water supply in 
a situation caused by  a rare external event or a disturbance in the internal 
electrical supply system  

– safety and security aspects 

 

– enhancement of the on-site EP; multiple units, long duration, enhanced 
provisions for emergency arrangements 
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DiD levels, event categories and frequencies 

Level 1 Normal operation  (DBC 1) 

Level 2 
Anticipated operational 
occurrences (DBC 2) 

f > 10–2/a 

Level 3a 

Postulated accidents Class 1 
(DBC 3)  

10–2/a > f > 10–3/a  

Postulated accidents Class 2 
(DBC 4) 

f < 10–3/a 

Level 3b 
Design extension conditions 
(DEC) 

Multiple failures 
DEC A – CCF combined with DBC2 / DBC3 

DEC B – Complex failure combination 

DEC C – Very rare external event  

Level 4 Severe accidents (SA) 
Safety goals  
CDF <10–5/a; LRF < 5×10–7/a 

8 
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Updated set of YVL Guides 

Safety, security and safeguards in the 
same set of YVL Guides 

– Safety security interface  

There are 45 YVL Guides under five 
topics: 

– A Safety management of a nuclear 
facility 

– B Plant and system design 

– C Radiation safety of a nuclear facility 
and environment 

– D Nuclear materials and waste 

– E Structures and equipment of a 
nuclear facility 

YVL Guides are available in English at STUK 
website 

http://www.stuk.fi/julkaisut_maaraykset/
viranomaisohjeet/en_GB/yvl/ 

 

 

 

Acceptance criteria for radioactive 
releases / max doses to general public 
in different event categories 

 
• DBC 1, Normal operation 

– radiation dose limit 0,1 mSv / year for the 
entire site 

• DBC 2, Anticipated operational occurrences 
– radiation dose limit 0,1 mSv 

• DBC 3, Class 1 postulated accidents 
– radiation dose limit 1 mSv 

• DBC 4, Class 2 postulated accidents 
– radiation dose limit 5 mSv 

• DEC,  Design extension conditions 
– radiation dose limit 20 mSv 

• SA, Severe accidents 
– no extensive protective measures for the 

public 
– no long-term restrictions on the use of 

extensive areas of land and water  
– release < 100 TBq Cs-137 equivalent 

  

http://www.stuk.fi/julkaisut_maaraykset/viranomaisohjeet/en_GB/yvl/
http://www.stuk.fi/julkaisut_maaraykset/viranomaisohjeet/en_GB/yvl/
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Structure of the new YVL guides 

A Safety management 

of a nuclear facility 

B Plant and system 

design 

C Radiation safety of a 

nuclear facility and 

environment 

D Nuclear materials and waste E Structures and equipment of a 

nuclear facility 

A.1 Regulatory oversight 

of safety in the use of 

nuclear energy  

A.2 Site for a nuclear 

facility  

A.3 Management system 

for a nuclear facility  

A.4 Organisation and 

personnel of a nuclear 

facility  

A.5 Construction and 

commissioning of a 

nuclear facility  

A.6 Conduct of 

operations at a nuclear 

power plant  

A.7 Probabilistic risk 

assessment and risk 

management of a nuclear 

power plant  

A.8 Ageing management 

of a nuclear facility  

A.9 Regular reporting on 

the operation of a nuclear 

facility  

A.10 Operating 

experience feedback of a 

nuclear facility  

A.11 Security of a 

nuclear facility  

A.12 Information security 

management of a nuclear 

facility  

B.1 Safety design of a 

nuclear power plant  

B.2 Classification of 

systems, structures and 

components of a nuclear 

facility  

B.3 Deterministic safety 

analyses for a nuclear 

power plant  

B.4 Nuclear fuel and 

reactor  

B.5 Reactor coolant 

circuit of a nuclear power 

plant  

B.6 Containment of a 

nuclear power plant  

B.7 Provisions for 

internal and external 

hazards at a nuclear 

facility  

B.8 Fire protection at a 

nuclear facility  

C.1 Structural radiation 

safety at a nuclear facility  

C.2 Radiation protection 

and exposure monitoring 

of nuclear facility workers  

C.3 Limitation and 

monitoring of radioactive 

releases from a nuclear 

facility  

C.4 Assessment of 

radiation doses to the 

public in the vicinity of a 

nuclear facility  

C.5 Emergency 

arrangements of a nuclear 

power plant  

C.6 Radiation monitoring 

at a nuclear facility  

C.7 Radiological 

monitoring of the 

environment of a nuclear 

facility  

D.1 Regulatory control of nuclear 

safeguards  

D.2 Transport of nuclear materials and 

nuclear waste  

D.3 Handling and storage of nuclear 

fuel  

D.4 Predisposal management of low 

and intermediate level nuclear waste 

and decommissioning of a nuclear 

facility  

D.5 Disposal of nuclear waste  

D.6 Production of uranium and thorium  

E.1 Authorised inspection body and 

the licensee’s in-house inspection 

organisation  

E.2 Procurement and operation of 

nuclear fuel  

E.3 Pressure vessels and piping of a 

nuclear facility  

E.4 Strength analyses of nuclear 

power plant pressure equipment  

E.5 In-service inspection of nuclear 

facility pressure equipment with non-

destructive testing methods  

E.6 Buildings and structures of a 

nuclear facility  

E.7 Electrical and I&C equipment of a 

nuclear facility  

E.8 Valves of a nuclear facility  

E.9 Pumps of a nuclear facility  

E.10 Emergency power supplies of a 

nuclear facility  

E.11 Hoisting and transfer equipment 

of a nuclear facility  

E.12 Testing organisations for 

mechanical components and 

structures of a nuclear facility  

Collected definitions of YVL-guides: same data is shown both as the collection and within the guides.  

http://herne/yto/yvl.php?luokka=A&nro=1
http://herne/yto/yvl.php?luokka=A&nro=2
http://herne/yto/yvl.php?luokka=A&nro=3
http://herne/yto/yvl.php?luokka=A&nro=4
http://herne/yto/yvl.php?luokka=A&nro=5
http://herne/yto/yvl.php?luokka=A&nro=6
http://herne/yto/yvl.php?luokka=A&nro=7
http://herne/yto/yvl.php?luokka=A&nro=8
http://herne/yto/yvl.php?luokka=A&nro=9
http://herne/yto/yvl.php?luokka=A&nro=10
http://herne/yto/yvl.php?luokka=A&nro=11
http://herne/yto/yvl.php?luokka=A&nro=12
http://herne/yto/yvl.php?luokka=B&nro=1
http://herne/yto/yvl.php?luokka=B&nro=2
http://herne/yto/yvl.php?luokka=B&nro=3
http://herne/yto/yvl.php?luokka=B&nro=4
http://herne/yto/yvl.php?luokka=B&nro=5
http://herne/yto/yvl.php?luokka=B&nro=6
http://herne/yto/yvl.php?luokka=B&nro=7
http://herne/yto/yvl.php?luokka=B&nro=8
http://herne/yto/yvl.php?luokka=C&nro=1
http://herne/yto/yvl.php?luokka=C&nro=2
http://herne/yto/yvl.php?luokka=C&nro=3
http://herne/yto/yvl.php?luokka=C&nro=4
http://herne/yto/yvl.php?luokka=C&nro=5
http://herne/yto/yvl.php?luokka=C&nro=6
http://herne/yto/yvl.php?luokka=C&nro=7
http://herne/yto/yvl.php?luokka=D&nro=1
http://herne/yto/yvl.php?luokka=D&nro=2
http://herne/yto/yvl.php?luokka=D&nro=3
http://herne/yto/yvl.php?luokka=D&nro=4
http://herne/yto/yvl.php?luokka=D&nro=5
http://herne/yto/yvl.php?luokka=D&nro=6
http://herne/yto/yvl.php?luokka=E&nro=1
http://herne/yto/yvl.php?luokka=E&nro=2
http://herne/yto/yvl.php?luokka=E&nro=3
http://herne/yto/yvl.php?luokka=E&nro=4
http://herne/yto/yvl.php?luokka=E&nro=5
http://herne/yto/yvl.php?luokka=E&nro=6
http://herne/yto/yvl.php?luokka=E&nro=7
http://herne/yto/yvl.php?luokka=E&nro=8
http://herne/yto/yvl.php?luokka=E&nro=9
http://herne/yto/yvl.php?luokka=E&nro=10
http://herne/yto/yvl.php?luokka=E&nro=11
http://herne/yto/yvl.php?luokka=E&nro=12
http://herne/yto/yvl-maaritelmat.php?en=on
http://herne/yto/yvl-maaritelmat.php?en=on
http://herne/yto/yvl-maaritelmat.php?en=on
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Nuclear energy act 7a§ 

Guiding principles 

The safety of nuclear energy use shall be maintained at as high a level as 
practically possible. For the further development of safety, measures shall be 
implemented that can be considered justified considering operating experience 
and safety research and advances in science and technology. 

The new guidance will be taken into use simultaneously  

– New YVL guides are applied as such to the new NPPs i.e. those for which 
Decision in Principle was made in 2010 

– For the operating NPPs or other nuclear facilities and the NPP under 
construction an implementation decision is made 

• the approach is the same as in the PSR or licence renewal or publication of an 
updated YVL guide 

• the nuclear facility is reviewed against new YVL guides 

• the modifications considered reasonably practical are implemented 

STUK received the licensees assessment of the fulfilment of the 
requirements 31th December 2014. 
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YVL Guides and the reactor types 

YVL Guides are written for a new light water cooled reactors 

– Next PSR for Loviisa NPP 2017  

– Renewal of the operating license of Olkiluoto NPP in 2018 

– Evaluation of the Olkiluoto OL3 against new set of YVL Guides as the 
operating license is applied 

– Improvement programmes 

 

YVL Guides have been written the current type of power reactors in mind  

– Future reactor considerations such as Small Modular Reactors (SMR), 
Nuclear District Heating Plants, GENIV 

– New features in the safety concepts 

– Safety should be considered in the early phase of the design 

– Safety requirements  and safety demonstration should be based on research 
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www.stuk.fi 

Thank You! 
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Multinational Design Evaluation 
Programme 
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MDEP Technical Secretariat 

 



NEA – Workshop water cooled reactors – 11 February 2015 
2 

What is MDEP? And why… 
A unique multinational initiative undertaken by national regulatory 
authorities of 14 countries to: 
 

Co-operate and share information on safety design reviews of 
specific designs in order to ensure a greater safety focus on the 
reviews in each country 
 New wave of new reactor designs in 2000s : EPR, AP1000… after a 
long period without new builds + new challenges on issues such as 
digital I&C 
 

Share information about national and international regulatory 
requirements and practices in order to explore opportunities for 
possible harmonisation or convergence of such requirements when 
safety enhancements may be realised  
 Opportunity for better understanding. Prior to MDEP, reviewing 
new designs was not the priority for cooperation 

MDEP expects that higher levels of safety will be achieved in the design and 
operation of new reactors (STC position) 

 
 

  

MDEP Basics 
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3 

 Canada 

 China 

 Finland 

 France 

 Japan 
 

 India - Joined in 2012 

 United Arab Emirates - Joined in 2012 as an  associate member 

 Sweden - Joined in 2013 

 Turkey - Joined in 2013 as an  associate member 

 

 

 

 

 Republic of Korea 

 Russian Federation 

 South Africa 

U.K.  

U.S.A 

Who is involved in MDEP activities? 

Since MDEP 
inception in 
2006 

 NEA: technical secretariat 

 IAEA: takes part in generic activities 

 National technical support organisations 
participate if requested by the national 
regulatory authority. 

 

MDEP Basics 
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ISSUE SPECIFIC WORKING 
GROUPS: CONVERGENCE 

 

Policy Group 

Steering Technical 
Committee 

Digital I&C Working 
Group 

Mechanical Codes and 
Standards Working 

Group 

Vendor Inspection  
Cooperation Working 

Group 

EPR Working Group 

MDEP Library 

ABWR Working Group 

DESIGN SPECIFIC WORKING 
GROUPS: COOPERATION 

 

Accidents and Transients  
Digital Instrumentation & Controls 

Probabilistic Safety Assessment 
Severe Accident 

Digital Instrumentation & Controls 

TECHNICAL EXPERTS SUBGROUPS 
(TESG) 

 

VVER Working Group 

APR1400 Working 
Group 

AP1000 Working 
Group 

Accidents and Transients  
Severe Accident 

Severe Accident 
Fukushima lessons learned 

Reactor pressure vessel  and 
primary circuit 

Instrumentation & Controls 
Severe Accident 

MDEP Structure  



NEA – Workshop water cooled reactors – 11 February 2015 
5 

Generic Terms of Reference  

 National sovereignty  

 Understanding and harmonisation of practices 

 Common positions 

 Formation of working groups (≥3 members, 1 design) 

 Structure (PG, STC, WG) 

 Membership (Criteria) 
Specific Terms of Reference 

 Organisation 

 Expected outcomes 

 Programme plan 

 Sharing proprietary information 

 MDEP library 

Communication protocol 
Set of internal procedures 

MDEP Terms of Reference 
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Policy Group and STC latest 
developments/activities  

 2015 Milestone to assess the future of MDEP 

• PG will discuss mid and long term MDEP strategies 

• Initiated a data collection as a tool to inform future of MDEP 

• Potential new topics (concrete containment codes, specific 
regulatory challenges with passive systems, cooperation in 
new reactors operation stage) 

• Potential completion or transfer of activities of issue-specific 
WGs  

 Membership expansion (new members in 2012, 2013, early 
consideration for potential new ones) 

 Commissioning activities 

 To set up a common line of activities among DSWGs 

 Discussions with stakeholders 

• Regular meetings of STC with the industry, WNA/CORDEL 

• MDEP Conferences 
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3rd Conference ( 2-3 years)  
on new reactor design activities (May 2014) 

 150 attendees 
• National regulators, international organisations, nuclear industry 

(vendors, designers, licensees, applicants…) and standard 
development organisations   

 7 sessions 
• Design-specific working groups 
• Commissioning activities 
• Vendor inspections 
• Digital instrumentation and controls 
• New reactor activities related to the Fukushima Daiichi accident 
• Codes and standards harmonisation 
• MDEP way forward and related activities 

 Messages from stakeholders and considerations for future of 
MDEP  
• Industry needs a regulator forum to discuss issues 
• Harmonisation of regulatory practices (from CPs to regulation) 
• Consideration of reviews from other regulators 
• Management of knowledge (support to new design reviews) 
• Reduction of differences among designs 
• Consideration of next generation reactors 
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 Develop Common Positions  
(EPR Digital I&C design, EPR Fukushima lessons 
learned, AP1000 squib valves) 

 Share issues identified, questions to 
applicant, and draft safety evaluations 

 Identify differences among various 
country designs + potential for 
harmonisation 

 Identify additional questions for applicants 
based on MDEP interactions 

 Discuss technical topics within TESGs 
 Discuss commissioning activities  

(initial test programmes) 

Design-Specific Working Groups 



NEA – Workshop water cooled reactors – 11 February 2015 
9 

Design-Specific Working Groups 

Common positions related to Fukushima 
Consideration of impact of the accident on new designs 
Requested by the STC 

 EPR common position  
Core common position 
+ 5 appendices 

• Long Term Loss of Electrical Power  
• Management of primary circuit cooling and sub-criticality 
• Reliability and qualification of severe accident management 

instrumentation 
• Pressure management of containment during severe accidents  
• Long-term cooling of the fuel pools 

 AP1000WG – APR1400WG 
Moving forward following EPRWG template 

 VVERWG 
Formed a TESG 

 ABWRWG 
Focus on improvements in safety, hazards, etc. Slightly 
different set than EPRWG 

Published 

To be 

published 

early 

2015 
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Design-Specific Working Groups 

EPRWG Common positions related to Fukushima 
 

Core common position 
 Relevance of safety objectives for Gen III reactors (lower 

probability of core melt, limitation of releases, management of 

severe accident situations…) 

 Accidents with core melt: the EPR design benefits from 

reinforced measures to prevent accident situations such as high 

pressure core melt, global hydrogen detonations and in-vessel 

and ex-vessel steam explosions, which would lead to large or 

early releases. However, cliff-edge effect for AC/DC power   

need for reinforcement of provisions for power supply 
 

Long-Term Loss of Electrical Power (LTLEP) (appendix 1) 
 Physical separation, barriers, and design margin  EPR design 

appropriately accounts for external and internal events to make 

the likelihood of an LTLEP extremely low 

 Permanently installed equipment and mobile means to provide 

multiple layers of defence  approach acceptable 
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EPRWG – DI&C discussions 

New 

reactors 

digital I&C 

challenges 

Common position and technical report related to EPR 
Digital I&C 
 

Common position on the EPR Instrumentation and Controls 
design (December 2010)  identified regulatory issues to be 
generically addressed 

 Design, quality and qualification of digital devices 
 DICWG common positions 3 and 11  

 Data communications independence  
 DICWG common position 4 

 Design simplicity 

 DICWG common position 6 
 

EPR specifics: Technical report on EPR I&C (2014, not public 
yet) 

 Data communications independence between safety classes 
 Design modifications on US, UK and OL3 EPR 

“Overall, the meetings and interactions have deepened the understanding and 
appreciation for other member’s regulatory processes and requirements. Such 
understanding will assist global harmonisation and standardisation of nuclear 

power plant designs in the future” 
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EPRWG – DI&C discussions 

Technical report on EPR Digital I&C 
 

Messages to applicants 
 Expectation for documentation 

 Submit an adequate level of design description 
clear and appropriate analyses as to how safety goals are 
achieved and regulatory and safety requirements are 
fulfilled in the reactor design 

 Ensure that equipment selected for a design can meet 
regulatory requirements  
if commercial grade equipment is used for safety class 
systems 

 Demonstrate how new technology/equipment meets 
regulatory requirements  
qualification of embedded programmable technology in 
plant equipment and smart I&C devices 
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AP1000WG – Technical issues 

Common position on the design and use of explosive  
-actuated (squib) valves in nuclear power plants 
(December 2010) 
 

Absence of regulatory experience with valves of this type 
 Expectations for design, qualification, procurement and 

in-service activities (such as examination, inspection, 
testing and maintenance) 

 

Design modification following regulatory review 
 

Passive Residual Heat Removal (PRHR) System  condensate 
recirculation losses  

 December 2011: UK ONR GDA questions original 
condensate return assumption 

 Issue assessed by regulators following MDEP discussions 
 AP1000 design changes  modifications to gutters 

returning condensates to IRWST 
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 CSWG 
 Completed comparison of pressure boundary for Class 1 

pressure vessels, piping, pumps, and valves in coordination 
with standards development organisations (SDO) 

 Publication of a set of 4 CSWG technical reports to support 
codes and standards harmonisation  

 Obtained commitments from SDO to work together to 
minimise further divergence of code requirements 

 CORDEL published a harmonisation proposal for certification 
of NDE personnel  first step 

 DICWG  
 Develops common positions (10 published, 2 more from 

initial programme plan) 
 Used as basis for  

• harmonised regulatory response to applicants and 
vendors 

• Harmonisation of standards (IEC, IEEE) 

Issue-Specific Working Groups 
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 VICWG 
 
 Performed more than 50 witnessed, joint or multinational 

inspections 
 Developed inspection protocol for conducting inspections 
 Compares quality assurance requirements used in the 

oversight of vendors 
 First multinational inspection (US NRC, UK ONR, FR ASN) in 

Valinox Nucléaire, France, in 2014 
 Lessons to be learned to assess benefits for regulators as 

well as vendors 
 
 Develops a list of good practices for vendor oversight 
 Experience considered in the regulation for vendor inspection 

in Japan, Korea and the UK 

Issue-Specific Working Groups 
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MDEP Publications 
MDEP public website 

Examples 

 Annual Report March 2013-March 2014 

 Technical report on lessons learnt on achieving harmonisation of codes and 
standards for pressure boundary components in nuclear power plants 

 Technical report on the Fundamental Attributes for the design and construction of 
reactor coolant pressure-boundary components 

 Technical report on findings from code comparisons and establishment of a 
global framework towards pressure-boundary code harmonisation 

 Technical report on the Common Quality Assurance / Quality Management 
(QA/QM) Criteria for Multinational Vendor Inspection 

 EPR common position on Fukushima related issues 

 Digital I&C common positions 
 

http://www.oecd-nea.org/mdep/  

http://www.oecd-nea.org/mdep/
http://www.oecd-nea.org/mdep/
http://www.oecd-nea.org/mdep/
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THANK YOU FOR 
YOUR ATTENTION, 

Question? 



1

OECD/NEA Workshop  

Innovations in Water-cooled Reactor Technologies  

February 11-12th,  2015 - NEA Headquarters, Paris 
 

 

 Session 1-3 – Utilities:  

 Modernization of existing nuclear power plants  

 

 

EDF France modernization program for the existing NPPs  
 

 

 

 

 

 

 
 

Prepared by G. FERRARO – EDF/DIN (Nuclear Engineering Division) 

SEPTEN/VRF (Advanced Nuclear Technology Department) 
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Summary: 
 

1. French Nuclear fleet specific context 

2. EDF NPPs decennial PSR situation 

3. EDF LTO program 

4. EDF post Fukushima action plan 

Appendix : 

1. EDF Nuclear safety goals for the LTO program 

2. EDF LTO program: replaceable components program 

3. EDF Post Fukushima action plan – Phase 1 progress (2012 – 2015) 

4. EDF Post Fukushima action plan – Phase 2 program (2015 –  2020) 

5. EDF Post Fukushima action plan – Phase 3 / LTO program (2019 – 2030) 

 

 

EDF France modernization program for the existing NPPs 
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 1 - French Nuclear Fleet specific context 

 58 reactors in operation 

 19 sites  

 Capacity : 63,2 GWe 

Average age : 28 years 

 Oldest : Fessenheim 1 (37 years) 

 Youngest : Civaux 2 (14 years) 

 + 1 reactor under construction 

 FLA 3, 1600 MWE EPR 

In operation NPP’s Number of units  Total capacity (GWe) Average age (years) 

PWR   900 MWe      3-Loop 34 30.8 33 

PWR 1300 MWe      4-Loop 20 26.4 27 

PWR 1450 MWe      4-Loop (N4)   4   6.0 17 

Total 58  63,2   28 
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 The EDF SA modernization program for the existing NPPs fleet is part of 

the continuous improvement initiative for the EDF fleet and integrates: 

 

 The decennial Periodic Safety Reviews (PSR) process – (VD in French):  
 The decennial regulatory safety reassessment process has been implemented since 

the beginning, enabling to continuously comply with the up-to-date safety standards 

and  the international feedback (TMI 1979, Tchernobyl 1986, Blayais flooding 1999, 

Heat wave 2003) 
 

 The Long Term Operation program (LTO):  
 The LTO program aims to operate the existing NPPs fleet well beyond 40 years, in 

optimal conditions of safety and performance 
 

 The post Fukushima Action Plan:  
 The post Fukushima action plan is the result of the complementary  safety 

assessment (~ European stress-tests) conducted after Fukushima event 

 1 - French Nuclear Fleet specific context 
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 The EDF modernization program will be monitored through a specific 

project, the “EDF industrial project” (“Grand Carénage”) which: 

 

 integrates all modifications issued from the different programs (PSR, LTO 

including R&D program, post Fukushima and all other modification or 

maintenance programs) with a multi-annual vision 

 

 assures the monitoring off all aspects of the modernization program: nuclear 

safety, availability, economic and financial dimension, industrial resources,  

internal resources and skills, logistic 

 1 - French Nuclear Fleet specific context 
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French ASN allows 10 years operation after each PSR: 

 

 

 

 

Numerous improvements have already been implemented on the existing NPPs, i.e.: 

- Back-up power supply:    

  1 steam-driven turbine generator LLS / unit, to resupply essential I&C 

  1 additional diesel or turbine generator/ site, to resupply one safety train 

- Filtered containment venting device (sand bed filter) 

- H2 passive recombiners (PARs) 

- Flooding protection improvements (after Blayais flooding in 1999) 

- Seismic reassessment and protection improvements 

The 900 MWe fleet NPPs will be the first to need the approval of ASN for the step 40 

to 50 years (VD4 900 MWe ): 

- Framing Advisory Group meeting in April 2014 ; French ASN opinion on modifications program expected mid 2016 & 

approbation for end 2017/mid 2018, deployment start in 2019  

PSR 1 (VD1) 

(10 years) 

PSR 2 (VD2) 

(20 years) 

PSR 3 (VD3) 

(30 years) 

PSR 4 (VD4) 

(40 years) 

900 MW (34 units) done done 
2009 to 2020 

(18 units done) 
2019 à 2030 

1300 MW (20 units) done done 2015 to 2024 2025 to 2034 

1450 MW – N4 (4 units) done 2019 to 2022 2029 à 2032 2039 à 2042 

2 - EDF NPP’s decennial PSR situation 

PAR’s 
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The French NPP’s fleet has been built in the years 1980/1990 

   

 

 

 

 

 

 

 

 

 

The limitation to 40 years life duration of all NPP’s would mean to built & start new means of 

production from 2020 to 2047 equivalent to 30 NPPs of 1500 MWe (at constant installed capacity)  

EDF wants to smooth the renewal of the nuclear fleet  life extension from 40 to 60 years is an 

national issue and a very important objective      

- 5000MW / year 

With hypothesis of 
limitation to 40 years 
of all NPP’s 

3 -  EDF LTO program 
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To gain the life extension authorization of the existing fleet beyond 40 

years, EDF SA has planned: 

 To enhance the safety level of the existing fleet: 
 in continuity with the last PSRs and the post Fukushima Complementary Safety Assessment, 

 in coherence with the new European WENRA safety reference levels and the next French 

ASN PSR requirements (for design basis and beyond design) 

 and particularly for the next VD4 of the 900 MWe fleet : “take into account as reference the 

GEN 3 safety objectives, like EPR”  

► more details in appendix 1 

  To control the ageing and qualification of the equipment: 
 The initial design of the equipment postulated a life duration of 40 years  

 Studies and actions have been anticipated to extend up to 60 years: 

o the demonstration of the resistance of the non-replaceable equipment (vessel, containment) 

o the qualification of the equipment up to 60 years (or to replace it) 

 Performance enhancements: 
 To assure an enhanced performance of the NPPs, actions to renew or replace major 

components, are planned, in connection with industrial capabilities and suppliers: 

o  SG replacement, I&C and MCR modernization, main generator renovation, condenser 

renovation, main transformers renovation, cooling towers packing replacement, etc   

► more details in appendix 2 

3 - EDF LTO program 
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Objective: continuous enhancement of the nuclear safety level by 

deployment of the post Fukushima action plan in 3 phases: 

 
 by 2015: better protection against  total and extended losses of AC power 

or heat sink (ELAP or/and LHUS) consistent with measures taken by all 

NPPs Operators in the world: 
 implementation of EDF Post Fukushima action plan phase 1: 

use of mobile local and regional equipment and the off-site rescue by the FARN (Nuclear Rapid 

Response Force) 

  

 by ~ 2020: significant increase of robustness against extreme natural 

hazards with additional permanent hardened SSC’s: 
 implementation of EDF Post Fukushima action plan phase 2:  

1st part of hardened safety core SSC’s to provide extended AC power and Water Make-up to all 

reactors and spent fuel storage pools (1 Ultimate Diesel Generator/unit,  Water make-up reserves 

and distribution, new ECC, etc)  

 

 by ~ 2030, reach a level of safety close to the best GEN3 reactors, like EPR: 
 implementation of EDF Post Fukushima action plan phase 3, in the frame of LTO 

(VD4 900 MWe, VD4 1300 MWe, VD3 N4 series): 

2nd part of hardened safety core SSC’s (see next slide) 

4 - EDF post Fukushima Action plan 
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Phase 2 : 2015/2019: Hardened Safety Core deployment  ( first part) 

Phase 1: 2012/2015 : Mobile & Temporary Equipment, 

Emergency Response reinforcement , FARN,  1st modifications 

3- Emergency Response plan reinforcement  

(multi units events, diverse communication tools, VSAT, etc) 

                                       2013                 2014                2015               ---------------------       2020   -------------------   ~ 2030      

                                       Jan  Jun  Dec  Jan  Jun  Dec  Jan  Jun  Dec  ------------------           Jan  Jun  Dec------------- Jan  Jun  Dec  

4- FARN & Off-site mobile equipment (assistance capability) 

1 unit (end 2012)              4 units (end 2014)     6 units (end 2015) 

Ultimate Diesel Generator (1/unit) 

Ultimate Water supply  

New Emergency Control Center (1/site) 

Hardened Emergency Response Organization 

Spent Fuel Pool levels measurement redundancy 

4 - EDF post Fukushima Action plan 

1- On site mobile & temporary 

equipment deployment 

2- Plug & Play connections enhancement 

Licensing and implementation of the 1st modifications : 

Ultimate water supply (1st step) 

Automatic reactor shutdown in case of earthquake  (studies) 

Improvement of batteries autonomy 

Licensing process 

Phase 3 : 2019/~2030: Hardened Safety Core completion   

(linked with LTO) 

Draft planning:  

EDF proposal to ASN 

 

 

     Licensing process 

Diverse SG residual heat removal 

Ultimate primary circuit injection pump 

Extreme Natural hazards protection (end) 

Containment residual heat removal 

Reactor cavity pit flooding system 

 

► appendix 3 

► appendix 4 

► appendix 5 
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 5 fields of studies which could result in modifications:  

 Design Basis Accidents: reduction of the radiological consequences with the objective to avoid  

radioactive releases that would require off-site emergency measures 

 Design Extension Condition events:  if CMF more than 10E-7/year, reduction of the risk with 

specific means (technical, procedure or organization), taking into account EPR approach and post 

Fukushima modifications 

 Internal hazards (fire, flooding) and external natural hazards:        take into account the 

new WENRA reference levels for design basis and beyond design basis hazards (beyond design 

external natural hazards already taken into account  in the post Fukushima action plan phases 2 and 3) 

 Severe Accidents: minimize time and space-related countermeasures in the event of a severe 

accident, avoiding massive and long lasting radioactive releases (the Post Fukushima action plan 

phase 3 participate to answer to this objective) 

 Reduction of fuel uncover risk in Spent fuel pools or during handling: in case of loss of 

cooling or uncontrolled pool rapid drain (enhancement of the cooling and of the water make-up systems 

capacities ; reinforcement of the isolation valves to avoid rapid drains ; solutions to reduce the fuel 

inventory inside the spent fuel pools) 

 

  ► 

Appendix 1: EDF nuclear safety goals for the LTO program 
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Appendix 2 - EDF LTO program (1/2)     



IOCDE/NEA Workshop on Innovations in Water-cooled Reactor Technologies, Paris, February 11-12, 2015     13 

Appendix 2 – EDF LTO program (2/2) 

 Paluel 2 NPP (1300 MWe) in April 2015, during VD3 outage (215 days) 

About 110 modifications including: 

o I&C and main control room 

modernization 

 

o Steam Generators replacement 

o Main transformer replacement 

o Raw-water filter drum & essential 

service water piping replacements 

o Condenser re-tubing 

Example of the first NPP modernization modifications planned in the 

frame of the EDF industrial project 

 Completion of the Paluel 2 modernization program from 2016 and above  

 (including completion of post Fukushima phase 2 and 3 modifications) ► 
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Objective: Increased protection against total loss AC-power or Heat-sink, using 
mobile and temporary equipment 

 

1. 0n-site mobile equipment deployment:                        end 2014  
 Water pumps, diesel generators, air compressors, all logistic to allow a minimum on-

site autonomy of 24 h 
 
 
 
 
 

 
 
 
 
 

 
 

 
2. Plug and Play connection points enhancement:          mid 2015 

 Facilitating on-site and FARN mobile equipment connection in extreme conditions 
 

 
 

 

Temporary DG to resupply  I&C and control room, 
mobile water injection pump  and air compressor 

Batteries for RCS 
relief valves 

Temporary light structure for mobile 
on-site equipment storage 

Appendix 3  - EDF post Fukushima action plan 
Phase 1 Progress (2012-2015)               (1/3) 
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3. Emergency Response plan reinforcement: 
 Emergency Response plan taking into account FARN & multi-units 

events:         end 2014 
 

 Emergency telecommunications:   
 1 autonomous satellite GSM in each unit:    06/2012 
 1 fixed VSAT com. / Emergency center 
     1 mobile VSAT com. / FARN center :        2012 to 2015 

  

Appendix 3  - EDF post Fukushima action plan 
Phase 1 Progress (2012-2015)               (2/3) 

EDF HQ 

Paris 

EDF Crisis 

Center Paris 

ASN 

IRSN 

Administration 

NPP 
AREVA… Crisis 

Center Paris 
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Gravelines

Chooz

Fessenheim

Penly
Paluel

Flamanville

Le Blayais

Golfech

Tricastin

Cruas

St Alban

Bugey

Nogent/Seine

Chinon

Civaux

St Laurent Dampierre

Belleville

Cattenom

Etat-major Base matérielle 

nationale 

Appendix 3  - EDF post Fukushima action plan 
Phase 1 Progress (2012-2015)               (3/3) 

 

4. FARN deployment (Nuclear Rapid Response Force): 
 Mobile off site equipment for air, electricity and water resupply + all logistic 
 Off-site human resources rescue 
 FARN on site in less than 12h and fully operational in less than 24h after alert 

 

~ 310 people, dispatched in: 
 

 1 national headquarter (30 people) in Paris  
 4 regional centers (70 people : 5 teams of 14 p) : 

Civaux, Bugey, Dampierre, Paluel  
 
 
 

   
 
 
 

 
Assistance capability (ASN requirements): 
 4 units (end 2014) 
 6 units (end 2015)     

      
► 
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Objective: significant increase of  robustness against extreme hazards: 

  Additional hardened AC-power and Water supplies, to all reactors and 
Spent Fuel Pools (1st systems of the Hardened Safety Core SSC’s): 
 

 1 Ultimate back-up Diesel “DUS” / unit 

 1 Ultimate water supply system (groundwater/reservoirs/basins) 

 1 new on-site Emergency Control Center 

 Flooding protection enhancements 

 Passive tight seals for primary Main Coolant Pumps 

 Spent Fuel Pools level measurements redundancy 

 Existing FCV reinforcement against earthquake (sand-bed filter) 

 Basic Sumps (sodium tetra-borate baskets inside containment) 

 Reinforcement of the Emergency Response Organization (on-site management during 24hrs 
prior to FARN rescue) 

DUS 

Ultimate water supply 

from groundwater 

New bunkerized On-site 

Emergency Control Centre 

Appendix 4  - EDF post Fukushima action plan 
Phase 2 program (2015-2020)               (1/3) 

Ultimate water supply 

from reservoir 

Existing FCV 

reinforcement 
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Example : New on-site Emergency Control Centre 

Deployment: from 2014 to 2019, one on each site: 
Hardened building and facilities, including communication tools 

Plant Data supervision room with essential data 

Emergency tools and on-site mobile equipment storage 

Intervention facilities (preparation and documentation rooms, hot and 

cold control and dressing rooms) 

Living conditions (rest, feeding, hygiene)  

Main technical specifications:  
Total surface: 2200 m², 3 floors (2+1) 

Capacity : 100 people (x2 during shift turn-over) 

Same building for all sites (19 sites) 

Radiation and contamination protections , HVAC (2 trains) 

Autonomy 72h (one specific EDG + fuel tank) 

Resisting to “hardened” natural hazards: 
Hardened flooding and earthquake 

Explosion : 10kPa in 15 ms (like the French EPR) 

Tornado :  F4, Lightning : 300 kA 

Climatic conditions : -16°C in winter; +36 °C in summer 

 Wind, snow, accidental rain, hailstorm 

Industrial  risk : fire, chemical aggression... 

 

 

 

 

 

The first ECC building is under erection at 

Flamanville NPP (2014/2016) 

(2 x 1300 MW units  and 1 EPR) 

Appendix 4  - EDF post Fukushima action plan 
Phase 2 program (2015-2020)               (2/3) 



IOCDE/NEA Workshop on Innovations in Water-cooled Reactor Technologies, Paris, February 11-12, 2015     19 

Dikes raised 

On-site new  Emergency 

Control Centre 

New On-site Emergency 

Control Centre 

HSC Flooding 

protection 

Erection of the new Emergency Control Centre in the Flamanville NPP (Nov. 2014) 

Appendix 4  - EDF post Fukushima action plan 
Phase 2 program (2015-2020)               (3/3) 

► 
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Objective: reach a level of safety close to best GEN 3 reactors, like EPR 

 Completion of the Hardened Safety Core, taking into account the new requirements of the 
French ASN (resolution letters of the 21st January, 2014), as part of the LTO program 

Appendix 5  - EDF post Fukushima action plan 
Phase 3 program (2019-2030)               (1/2) 

  

 One diverse SG residual heat removal system (Ultimate EFWS: dedicated feed 
water pump, dedicated water tank and steam relief valves) 

 One dedicated Ultimate injection pump to the primary circuit 

 One Containment residual heat removal system 

 One Reactor cavity pit flooding system 

 Earthquake and flood protection reinforcement s if needed (HSC criteria) 
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Appendix 5  - EDF post Fukushima action plan 
Phase 3 program (2019-2030)               (2/2) 

Example of reactor building hardened core systems 

► 
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• Generation III / III+ 

– Origin 

– Operator needs 

• Generation II Safety Improvements 

– Changing regulatory framework 

– NPP commissioned in the 70ies 

– Reasonably practical safety improvements 
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• Europe - Technical guidelines for the next generation - 
Groupe Permanent chargé des réacteurs nucléaires  

– Significant Safety Improvement → Early & Large Releases practically 
eliminated 

– Design basis considers Multiple Failure & Severe Accident 

– Probabilistic Safety Assessment analysis used for PIE definition 

– Evolutionary designs  

• WENRA safety objectives for new NPP designs 
– Design Extension Conditions 

– Defense in Depth 

– Waste Management: reduce as far as reasonably achievable 

• IAEA Specific Safety Requirements – 2/1 

GENERATION III/III+ 

Innovations in Water-cooled Reactors Technologies 
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13/11/2014 

Origin 

Feb 11, 2015 3 



      

• USA - Single Combined Construction and Operating 
License (COL) 

– Improve Licensing Process Efficiency, Predictability   

– Reduces Financial Risk 

– COL Granted Prior To Beginning Of Construction   

– Cf. Generic Design Assessment process in UK 

→ Standardization: NSSS → Nuclear Island or complete plant 

• EUR - European Utility Requirements (US URD) 

– Focus on Safety,  Competitivity and Operational aspects 

 

GENERATION III/III+ 

Innovations in Water-cooled Reactors Technologies 
4 

13/11/2014 

Origin 
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5 

Feb 11, 2015 

Reactors with 
Active Safeguards 

Reactors with 
Passive Safeguards 

URD 
(US) 

EUR 
(EU) 

PWR 

BWR 

Innovations in Water-cooled Reactors Technologies 13/11/2014 

System 80+ AP1000 

ABWR 

EPR 

VVER AES92 

ESBWR 

APWR 

SWR1000 

Origin 

GENERATION III/III+ 
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GENERATION III/III+ 
Operator needs 

• No distinct difference between passive and active designs 

– Hybrid plant designs 

– Not the main concern of the future operator 

• Nor evolutionnary design nor passive design 
 present a dominating advantage in Safety 
 Case discussions and permitting  

– E.g: UK Generic Design Assessment of EPR and AP1000 

– Safety Case is not the only concern of the future operator 

– Operational comfort and economical margin 
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GENERATION III/III+ 
Operator needs 

• Return of experience of new plant design missing at this moment 

– Less uncertainty in evolutionary designs 

– Revolutionary designs offer opportunity to simplify operations: decrease (classified) 
equipment 

– Revolutionary designs need to confirm 

• Impact of simplification on operational comfort 

• Reduced maintenance efforts 

• Robustness/flexibility of active safeguards 
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Plant Improvement  

GENERATION II 



      

• Periodic Safety Review 

– WENRA Reference Level as a guideline 

– Continuous process 

• Safety Improvements in the Life Time Extension framework 

– Large and/or small scale projects 

– Important investment budgets justified by improved cost/benefit balance  

– License renewal used by authorities as a lever to impose new regulation or 
solve long lasting discussions 

• Non-planned additional Safety Review 

– Stress tests 
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Processes 

GENERATION II SAFETY IMPROVEMENTS 



      
Feb 11, 2015 Innovations in Water-cooled Reactors Technologies 10 

GENERATION II SAFETY IMPROVEMENTS 
Changing regulatory framework 

• Generic developments 

– WENRA, IAEA: guides 

– New Built guides -> existing plants through Periodic Safety Review or directly imposed.  

• Local rulemaking details, provides interpretation, might go further 

– Belgium 

• WENRA Reference Levels endorsed in Royal Decree in 2011 

• New legislation with new absolute release requirements will be issued beginning February 2015 

– Sweden  

• SKIFS 2004:2 / SSMFS 2008:17: New rulemaking for the design and construction 

• Independent Core Cooling Systems requirements 2014: need for new DiD level with fixed systems 

– France   - Slovenia 

• DUR, SAM efforts    •  New bunker necessary 



      

• Main challenges 

– PIE extension from LBLOCA to current Design Basis Conditions 

– Physical separation 

– Qualification / classification of supporting functions 

– Extension of hazard probability ranges 

• Non standardised plants 

– NSSS + Large BOP scope 

– Limited number of Nuclear Codes, Standards and Guidelines 

– Local Engineering Companies 

→ Non standardised Plant Improvements 
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NPP commissioned in the 70ies 

GENERATION II SAFETY IMPROVEMENTS 



      

• Additional bunker/annex buildings 

– Doel 1/2, Tihange 1, Borssele, Beznau, Ringhals 1 

– Building not on critical path  - Continuous operation to be guaranteed 

– Increased robustness 

– I&C integration during prolonged outage 

– Complexity added by layout constraints 

• Modifications in existing buildings 

– Use of common equipment between DiD levels 

– Important layout constraints 

– Margin assessment of robustness 
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NPP commissioned in the 70ies 

 

GENERATION II SAFETY IMPROVEMENTS 



      

• Layout limits of reactor building and auxiliary building 

– Physical separation safeguard trains 

– Reactor cavity: Ex-vessel corium coolability in case of limited spreading area 

• Changing state of the art 

– E.g. Filtered Containment Venting System 

• Safeguard systems 

– Number of Electrical and hydraulic trains 

– Common header systems 

• Generation II plants commissioned in ’70 <-> ’80  
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Limits of Safety Improvements 

GENERATION II SAFETY IMPROVEMENTS 



      

• Considerable efforts done 

– PIE GENIII → GENII 

• LOCA -> DBC -> DEC 

• Severe accidents: large and early releases avoided 

– Acceptance Case by Case 

• Return on investment not always possible 

• Technical limits: Generation III is a target, not an acceptance 
criterion 
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Reasonably practical safety improvements 

 

GENERATION II SAFETY IMPROVEMENTS 
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Daily generation profiles 2013 
Spring, Summer, Fall, Winter 

20 March 19 June      18 Sept       18 Dec 

MW 
Storage 
hydro 

Run of 
river 
 

Nuclear 
 

Other 

Source: 
Swiss  
Electricity 
Statistics 
2013, SFOE 
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Domestic Nuclear and Long Term Contracts 
Supplying Switzerland with 42 TWh Electricity 

 COD    Plant/LTC Generation/ 

 Foundation    Capacity Import 2013 

Swiss units 

Beznau 1&2 1969/1971      730 MW 5.9 TWh 

Mühleberg 1971      373 MW 2.9 TWh 

Gösgen 1979    1010 MW 6.4 TWh 

Leibstadt 1984    1220 MW 9.7 TWh  

Nuclear imports (LTC from France) 

CNP (FES, CAT) 1972/1985      830 MW 5.1 TWh  

AKEB (BUG, CAT) 1972/1984      521 MW 2.9 TWh 

ENAG (-) 1990      400 MW 3.5 TWh 

Others               ~1000 MW    ~5.5 TWh 

25 TWh 

17 TWh 

Total supply for Switzerland 2013: 42 TWh 
(Total domestic consumption: 64 TWh) 

Sources: 
SFOE, annual 
reports,  
internal  
sources 
(“Others”) 



Alpiq Suisse SA Modernization of existing NPPs 4  

Since the 1980s 

 Backfitting of systems to prevent hydrogen explosions (passive 
autocatalytic recombiners, H2 mixing systems, H2 ignition systems in the 
primary containment, and N2 systems to inert the primary containment) 

Since the 1990s 

 Backfitting of independent special emergency systems in separate, 
bunkered buildings in Beznau and Mühleberg NPPs (part of design for the 
for Gösgen and Leibstadt). 

 Backfitting of filtered containment venting system to mitigate the 
consequences of severe accidents 

 Gradual backfitting of alternative feed lines to the reactor pressure vessel 
and the primary containment 

Since the 2000s 

 Written decision-making aids to mitigate the effects of severe accidents 
(SAMG) have been developed both for power and nonpower operation  

SFEN 11.12.2014 4 

Backfitting of Swiss NPPs for severe 
accidents and accident management 
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Since 2011 

 Further strengthening of preventive and mitigative measures against 
consequences of accidents (onsite and offsite): 

 Establishment of a Central Offsite External Storage Facility Reitnau in a 
former Swiss military bunker 

 Further safety improvement measures ongoing in all Swiss NPPs 

 

 

SFEN 11.12.2014 5 

Post-Fukushima action plan 
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Retrofitting of Gösgen NPP over the last 35 years 
Examples 

• 1979 Start of commercial operation 

• 1993 Retrofit of filtered venting system 

• 1993 Gross power increased from 970 MW to 990 MW 

• 1995 Gross power increased from 990 MW to 1020 MW 

• 1999 Third independent cooling line for the spent fuel pool 

• 2001 Process computer replaced by data information system 

• 2005 Retrofit pressure release system reactor coolant system 

• 2008 New external wet spent fuel pool storage building 

• 2010 Cooling tower internals optimization completed 

• 2010 Gross power increased from 1020 MW to 1035 MW 

• 2013 Low pressure turbine, condenser, main generator 

• 2013 Gross power increased from 1035 MW to 1060 MW 
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Historical operating results Gösgen NPP 

Year Operating hours  Load factor   Electricity Generation  Annual costs   Generation costs 
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Long-term operation management 
Example: Leibstadt NPP 
 

Post Operation Phase 

Decommissioning  

Disposal of Radwaste 

Fund development / Finances 

Fuel 

Long Term Contracts 

Purchase  

Equipment/Investments 

Mechanical 

Electrical 

Civil Engineering 

External Factors of 
Influence 

Electricity Market Development 

Political Environment 

Nuclear Law: Backfitting 
Imperative 

Vendors/ Market Environment  

Other Factors of 
Influence 

Staff development  

Techn.power uprate(s) 

Spare Parts Storage 

Business Economical Analysis 

Needs/ Plans for Investments 

Consumption of Fixed Capital   

Net electricity generation 

Annual and Generation costs 
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«Energy strategy 2050» 

- New long-term energy policy 

- Decision to withdraw from the use of nuclear energy  

- Intention: decommission Switzerland's NPPs when they 
reach the end of their service life  

- NPPs not to be replaced with new ones  

- Focus on energy efficiency, hydropower and new 
renewable energy sources 
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Outside forces 

• Massively reduced electricity market prices in Western Europe 
triggered to a large part by German subsidy policy 

• Strong Swiss currency but surrounding electricity markets all 
priced in EUR/MWh 
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Conclusion 

• Large component replacements and modernizations ongoing 
(plant improvement and plant ageing management) 

• Further safety improvements ongoing (continuous 
improvement & Fukushima lessons learned) 

• Modified/additional legal requirements for the nuclear industry 
(for example: emergency measures/iodine tablets, fuel 
transport insurance, decommissioning cost studies & funds)  

• Swiss electricity utilities under financial pressure (also run of 
river and storage hydro power plants not as profitable as in the 
past) 

 

 Very challenging environment for NPP long-term 
operation management 

 



Thank you very much! 
 

Wolfgang Denk, phone +41 79 571 39 64 

wolfgang.denk@alpiq.com 
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Loviisa VVER-440 

• Owned and operated by 

Fortum 

• Commissioning 

– Loviisa 1 in February 1977  

‒ Loviisa 2 in March 1980 

• Operation licenses until 

‒ Loviisa 1: 2027 

‒ Loviisa 2 : 2030 

• Gross (net) efficiency 

– 2 x 520 (496) MW 

• Power generation since 1977:  

256 TWh 

• Load factor 92.5% (2013) 
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Plant modifications at Loviisa NPP after commissioning 

• Improving protection against internal and external hazards (1980-2003) 

• SAM Programme including hardware modifications (1986-2004) 

• Modernization and power upgrading with 9% (1996-1997) 

• Plant life management: I&C renovation (ongoing) 

• Fukushima modifications (ongoing) 

– Ultimate heat sink with air cooling  (independent of sea water) 

– Assessing the protection of excessively high sea level  

– Battery and diesel fuel capacity will be increased  

– Guidelines for long-lasting accident situations that affect both plants 

 

• Radioactive waste management: 

– Interim storage for spent nuclear fuel  

– Deep repository for low and intermediate level waste 

– Liquid waste solidification plant   
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Protection against Internal and External Hazards (1980 - 2003) 

• modifications after Three Mile Island: hydrogen monitoring and igniters, 
improved PORV, solution to the "loop seal" issue 

• measures against pressurized thermal shock (PTS) of the reactor pressure 
vessel: introduction of dummies to the core periphery, heating up the ECCS 
water, modifying the ECCS capacity, additional I&C, and finally thermal 
annealing of the pressure vessel of unit 1 

• new autonomous emergency feedwater system, particularly to manage 
turbine hall fires 

• new containment sump strainer designs to prevent sump clogging by 
insulating materials 

• management of primary-to-secondary leakage accident (PRISE): PZR spray, 
safety valve upgrades, increased tank capacity for feeding SGs 

• management of inhomogeneous boron dilution 

• protection against frazil ice in cooling channels 

 



Evolution of sump 
strainers 
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Initial design 1978: 

sumps protected by 

screening nets 

Modification  after Barsebäck event (early 90’s): 

Modified protection against fuel assembly blockages  

(early 2010’s) 
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Top level SA critical safety functions at Loviisa 

   

SAM safety function Measures 

Ensuring containment isolation Dedicated I&C 

Primary system depressurization Dedicated relief valves 

Absence of energetic events: 

hydrogen combustion 

Hydrogen management strategy 

- Mixing of the containment atmosphere 

(forced opening of the ice condenser 

doors) 

- PARs (upper and lower compartment) 

- Igniters (lower compartment) 

In-vessel melt retention by 

external cooling 

IVR strategy by cavity flooding 

Long-term containment heat 

removal (overpressure protection) 

External containment spray 
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Implementation of SAM at Loviisa 1990-2004 

Depressurization of the 

RCS 

Hydrogen mitigation 
• Forcing the ice condenser 

doors open 

• Catalytic recombiners 

• Igniters (glow-plugs) 

Long-term containment 

cooling with external spray 

of the dome 

In-vessel retention of corium 
• Inlet valves 

• Outlet valves 

• Lowering of the bottom part of 

   thermal insulation/neutron shield 

• Screening of impurities 

Containment isolation 
• Manual backup 

• Local control centres 

• Monitoring of the isolation success 

• Monitoring of the leakages 
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Equipment installed 

at Loviisa NPP to 

ensure that IVR 

System Effects are 

managed properly or 

eliminated  



Major modifications at 
Olkiluoto 1 and 2 
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sea water pumps etc (PELE), output to 880 MW 2010 – 2011 



New Build Projects: 
Plant concepts studied 
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Olkiluoto 3: EPR 

Hanhikivi-1 

Olkiluoto-4 

Loviisa-3 

11 February 2015 Harri Tuomisto 



Harri Tuomisto 12 

Loviisa 3 CHP option: plans for heat transport to Helsinki 

• Replacement of heat generated with fossil 

fuels in Helsinki region 

– thermal energy consumption (district heat) 

11 - 12 TWh per year 

• Large reduction of carbon dioxide emissions 

– up to 4 million tons annually (6 % of the 

entire CO2 emissions in Finland) 

• Higher plant efficiency 

– net electrical power loss approx. 1/6 of the 

thermal power generated 

• Steam extraction from the turbine 

– optimisation, and redesign vs. design of new 

turbine 

11 February 2015 



Small Modular Reactors 

• Fortum has followed actively the SMR development during recent years 

• The main drivers behind the interest in SMRs are 

– financing aspects, particularly the investment schedule 

– increasing challenges on the grid stability 

• demands for nuclear to be capable of providing regulating power to compensate increased 

share of renewables 

– the role of nuclear in the future energy system 

– decreasing the implementation risks of very large projects  

– opportunities to participation of local industries 

• Further development needed in legal framework and licensing process to adjust 

to the introduction of SMRs 
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POTENTIAL DOE NUCLEAR – 
RENEWABLE HYBRID MISSIONS 

• Near-term mission (1): Integration of renewables and 
baseload generation into decreasing-carbon energy 
economy, the main emphasis of the current workshop, and 
a major US electricity priority 

 

• Ultimate long-term mission (2): use of renewables and 
nuclear generation in replacement of global fossil fuel 
consumption, the dominant US and global energy priority 
needing a long-term development strategy 
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FOR MISSION 2 DOE LEADERSHIP IS 
NEEDED, FOR THE US AND GLOBALLY 

• A New, Vital Mission – Climate Change Mitigation 

 Abundant, cheap fossil fuels will continue to drive 
climate change unless restrained and replaced in a 
practical fashion 

 Market intervention (e.g., carbon tax) and new, large-
scale climate change-focused technologies are needed 

 The market is unlikely to provide them when needed, 
this is a governmental mission 

 Renewable and nuclear technologies can be primary 
response portfolio elements 

 Time is wasting 

2 
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STRATEGIES FOR GLOBAL SCALE 
FOSSIL FUEL REPLACEMENT 

• Needed Future Context for New Energy Economy: 

 Social consensus demanding replacement of fossil fuels 

 Imposition of heavy carbon tax or equivalent 

 Serious effort to promote maximal use of portfolio of non-emitting 
technologies, both in US and globally* 

 Renewables 

 Hydro 

 Geothermal 

 Nuclear  

 Synfuels production 

 Constrained competition among non-emitting technologies in a global 
marketplace 

*Efficiency improvements and electrical grid renewal are also essential. 
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STRUCTURES FOR GLOBAL SCALE 
RENEWABLE AND NUCLEAR ENERGY-
BASED FOSSIL FUEL DISPLACEMENT 

• Required Scale?  5,000-10,000 GW 

• Required Products?  Electricity and Fossil Fuel Substitutes 
(Hydrogen-based) 

• Required Deployments?   

 Renewables, globally 

 Nuclear 

To industrialized world with fossil fuel replacements 
going to the rest of the world? 

Or, Worldwide, with strict controls upon operations? 
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RENEWABLE AND NUCLEAR-BASED 
ENERGY ECONOMY STRUCTURE 
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Important implications of mission 2 
versus mission 1 

• Design of social and market incentives trump technological 
innovations – but all are important 

• Very large scale energy technologies are needed for: 

 Renewables (ie, high temperature, dispatch-ability, 
biomass efficiency) 

 Nuclear, (i.e., high temperature and fuel efficiency, 
proliferation resistance)  

 Carbon capture and and recycle, and synfuels 
production (energy storage becomes less important) 

• Integrated global nuclear fuel cycle control becomes 
essential (for control of all fissile material, nuclear fuel 
efficiency and waste disposal) 

6 
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STRUCTURES FOR GLOBAL SCALE 
RENEWABLE AND NUCLEAR ENERGY-BASED 

FOSSIL FUEL DISPLACEMENT 

• Seek Answers in Designing Mitigation Strategy*: 

 Focus upon identifying long lead-time development 
tasks and important uncertainties to guide use of 
resources (avoid near-term demonstration programs) 

 Identify global performance priorities 

 Identify attractive technological options and plan 
development strategies 

 Avoid premature technological down-selections, 
technology lock-in 
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* Seeking good engineering answers, before ideology, politics and self-interest 

affect the results. 
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Gen 3 Genesis 

Three Miles Island 

Chernobyl 

9/11 

• Modifications on operating plants (human factor, severe accidents) 

• Considerable R&D on severe accidents 

Eliminate the risk of experiencing consequences on populations 

similar to the Chernobyl disaster (incl long term consequences) 

Ensure that a terrorist attack will not cause a severe accident  in 

the context of  nuclear technology diffusion worldwide 

Operating experience 
• 30 years of experience of French and German fleets 

• Probabilistic Safety Assessment of current plants 

The EPR / ATMEA design includes, from its origin, all safety progresses. 



Convention SFEN – 8 et 9 mars 2012 – Analyse sûreté de l’EPR       

EPR safety objectives 

 

 Reduce core damage frequency by a factor 10 

 Reduce radiological releases in case of an accident 

 design basis accidents : no protection measures for the population 

 practical elimination of scenarios leading to large and early releases 

 (hydrogen explosion, core melt under pressure, steam explosions) 

 in case of a severe accident, only protection measures limited in area and 

time can be tolerated (eg no permanent relocation)  

 Increase robustness against terrorist attacks 
 ( eg large commercial aircraft crash) 

3 

 Severe accident mitigation is included in the design. 

 These objectives define the Gen 3 (or 3+) reactors. 



Severe accident mitigation 

Elimination of H2 risk Prevention of high pressure core melt 

Short and long term function of containment ensured Prevention of steam explosions 

A comprehensive and deterministic severe accident approach. 

A dedicated, independent and qualified line of defence in depth 



EPR resistance to external hazards   

 

 Margin assessment show with a high level of confidence that 

• a Fukushima quake would have not led to a severe accident 

• buildings would have resisted the tsunami and kept the safety systems operable 

►Strong resistance to earthquakes 

►Protection against malvolant action 

►Watertight buildings and doors 

1,8 m 



Flooding protection 

Flooding can be caused by a variety of phenomenon, in many 

places of the world, even in the absence of outstanding tsunami. 

Blayais (1999) Fort Calhoun (2011) Fukushima (2011) 



Support system : power 

6 emergency diesels plus batteries: redundant, diversified and protected 

2 buildings located on each side 

of the reactor building 

Physical separation 

4 main 100% redundant diesels 

2 additional SBO diesels  

batteries: 12h autonomy 

Diesels SBO 

Physical protection 

Diesels & fuel tanks housed in 

reinforced buildings 

 

Redundancy & 

diversification 



Support system : heat-sink 

Because heat-sink can be impaired by changes in the 

environment, there is interest to consider an alternate heat-sink. 

Water intake is a system, to be protected 

Heat-sink is also a part of the environment 

 water can turn into mud, disappear, be loaded with debris, ice etc… 



Main Coolant Pumps  

 

 

 220 MCP built by AREVA 

 Excellent track record 

 Innovation on seals  

• Stand Still Seal System 

• Hydrodynamic Seals 

 

Leak tight MCP seals  (without injection) make a significant safety step 



Digitalized I&C 

Major breakthrough in nuclear since N4 

Much enhanced analysis and synthesis capabilities 

User friendly (HMI) and much suited to the young generations 

 

 A major safety progress in the human factor field 



  

 

SAFETY INJECTION SYSTEM 
ADVANCED ACCUMULATOR 

DIVERSITY IN HEAT SINKS & EPS 
(DIVISION X) 

APWR EPR 

ATMEA1 benefits from EPR and APWR innovations 

ATMEA 



Conclusion 

The major innovation in Gen 3 / Gen 3+ is expected in 

the safety philosophy and objectives. 

 

Technology and engineering innovation to be 

evaluated in this respect 
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Evolutionary Technology Development
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Design Goals



Technology Overview
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 Offering significant advances in safety  and economics 

 Design addresses the expectation of utilities for ALWR

 Design complies with up-to-date regulatory requirements of Korea and US 

and IAEA requirements

 Severe accident mitigation design features

 Eight units, four in Korea and another four in 
the UAE, currently under construction

Evolutionary Advanced Light Water Reactor Technology



APR1400 Development
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Strategy
 Design adopting evolutionary improvement strategy based on 

proven standard/reference design

 Incorporate advanced design features to enhance safety and 
operational flexibility

 Optimize design for economic improvement

 Compliance with the Utility Design Requirements (domestic & 
world-wide)
 Proven Technology
 Constructability
 Regulatory Stabilization
 Maintainability



Evolutionary Technology Development
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* OPR1000 : 
Optimized Power
Reactor 1000

*APR1400 :
Advanced  Power 
Reactor 1400

1,400 MWe
Under Construction

- SKN # 3,4, SUN # 1,2,
BNPP 1,2, 3, 4

(CE, 1300MWe)
System 80+

NSSS Design
Palo Verde #2 (CE,1300MWe)

Core Design
ANO #2  (CE,1000MWe)

OPR1000
1,000 MWe

- In Operation    - YGN #3,4 (’95/’96)      - UCN #3,4 (’98/’99)

Improved OPR1000
1,000 MWe

- In Operation         - YGN #5,6 (’02/’02)   - UCN #5,6 (’04/’05)
- SKN #1, 2, SWN #1

- Under Commissioning Test - SWN #2

ADF/PDF
Latest Codes 
& Standards

EPRI URD



Design Goals
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 Safety
 Core Damage Frequency < 10E-5/RY
 Containment Failure Frequency < 10E-6/RY
 Seismic Design Basis : 0.3 g
 Occupational radiation exposure  < 1 man·Sv/RY

 Performance
 Thermal Margin   > 10 %
 Plant Availability > 90 %
 Unplanned Trip < 0.8/RY

 Economy
 Plant Capacity (Gross) : 1,455 MWe

 Plant Lifetime : 60 years
 Refueling Cycle : ≥ 18 months
 Construction Period : 48 months (N-th Unit)



2. Major Safety Design Characteristics

Improved Thermal Margin

Enhanced Reliability of Safety Systems 

Digital I&C System

Severe Accident Mitigation

8

Protection Against External Hazards

Advanced Fuel Technology 



Improved Thermal Margin
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Reactor Coolant System

Steam Generator
 Plugging Margin : 10%
 Tube Material : I-690

Reactor Vessel
 4 train DVI 
 Low RTNDT
 ERVC

Integrated Head 
Assembly

Pressurizer
 Large volume
 4 POSRVs

Reactor Coolant Pump
 Rated Flow: 7.67m3/s

 Thermal Power: 4,000 MW
 Designed with increased 

thermal margin



Advanced Fuel Technology
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 Increased thermal margin of larger
than 10 %

 High burnup of 55,000 MWD/MTU

 Improved neutron economy

 Improved seismic resistance

 Improved the resistance against 
fretting wear

 Debris-Filter Bottom Nozzle

 Improved Fuel Productivity

Major Improvement

/http://www.knfc.co.kr/



Enhanced Reliability of Safety Systems
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 Safety Injection System
 4 independent trains, Direct Vessel 

Injection
 Water source: In-containment Refueling 

Water Tank
 Fluidic Device for effective use of coolant

 Auxiliary Feedwater System
 Diversity in component design: 

turbine driven and motor driven pumps
 Turbine drive pump can provide cooling 

water without the supply of AC power

 Enhanced Physical Separation 
 Four-quadrant arrangement of safety 

systems Quadrant A

Quadrant B

Quadrant C

Quadrant D

Reactor 
Containment



Digital I&C System
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MMIS and I&C System
 Digital technology & data communication network
 Proven, Open & standard architecture
 Defense against common mode failure

 Diversity between DCS and PLC
 Reactor trip : PPS, DPS, Manual PPS Actuation
 ESF-CCS : PPS, Manual by soft control, 

Hard wired Manual ESF Actuation
 Alarm & Indications : IPS, QIAS-N, 

Diverse Indication

 Operability & Maintenance
 Auto test, Self-diagnosis

 Computerized Procedure System
 V&V for Human Factors Engineering Design



Severe Accident Mitigation
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 Advanced design features for the 
prevention and mitigation of severe 
accidents
 Safety Depressurization & Vent System

 Hydrogen Control System

 Large reactor cavity & corium chamber

 Cavity Flooding System

 In-Vessel Retention & Ex-Reactor Vessel 
Cooling System

 Emergency Containment Spray Backup 
System  

 Equipment survivability assessment



Protection against External Hazard

14

 Design consideration for external hazards
 Natural disasters: earthquake, floods and site specific conditions

 Man-made hazards: aircraft crash, fire, etc.

 Post-Fukushima safety enhancement
 Installation of an Automatic Seismic Trip System

 Reinforcement of waterproof functions

 Reinforcing design basis of the emergency diesel generator and AAC

 Countermeasures to address loss of cooling in the spent fuel pool

 Installation of an external injection flow path for emergency cooling

 Securing mobile generator and batteries



3. Summary

APR1400: Safe, Reliable Technology

15

ALWR Technology Development in Korea   



APR1400, Safe and Reliable Technology
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 APR1400, Evolutionary ALWR
 Advanced design features for safety enhancement
 Design features for severe accident mitigation
 Enhanced economics via uprated power, longer design life, longer fuel 

cycle, performance improvement and enhanced constructability
 4 units currently under construction in Korea and another four units in the 

UAE

 Proven technology minimizes technical and licensing 
uncertainties
 Proven by operation of reference technology
 Proven by licensing approval
 Proven by R&D programs

 Technology development  is continuously underway for further 
safety improvement.



ALWR Technology Development in Korea
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ALWR Technology Development with Safety Improvement

Reactor Model

OPR1000 APR1400 APR+ PPP

Premier Power 
Reactor

First Commercial 
Operation 1995 2015 ~ 2025 ~

Size 1000 MWe 1400 MWe 1500 MWe 1000~1500 MWe

Design Life 40 yrs 60 yrs 60 yrs 80 yrs

CDF
CFF

< 1×10-4/RY
< 1×10-5/RY

< 1×10-5/RY
< 1×10-6/RY

< 1×10-6/RY
< 1×10-7/RY

“Zero” Severe
Accident

Main Safety 
Systems Active Active Active + Passive Fully Passive
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Introduction - 1 

It seems that all PWR and BWR type plants that are offered in the 

global markets today are called Generation III or even Generation 

III+ plants. 

• This is quite confusing because there is no commonly 

agreed definition of what is meant by a Generation III 

nuclear power plant.  

According to the new IAEA Safety Standards and a consensus 

report issued by WENRA, new LWRs should have more 

advanced safety features than currently operating plants. 

• Only plants that can be proven to meet these new 

internationally agreed safety requirements without any 

uncertainties deserve the label Generation III 

 

2 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

http://www.rosatom.ru/
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Introduction - 2 

 

I start my presentation with a suggestion on 

what characteristics should be found in a 

Generation III plant. 

After that I describe the respective features of 

the new VVER plants called AES-2006. 

3 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

http://www.rosatom.ru/
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Features expected from 3rd generation NPPs - 1 

 

 

Safety can be improved by strengthening each of 

the four levels of Defence-in-Depth (DiD). 

Main emphasis should be at DiD level 1 – This 

improves also reliability and life-time profitability 

of the plant. 

4 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

http://www.rosatom.ru/
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Features expected from 3rd generation NPPs - 2 

DiD level 1 

• improved assurance of primary circuit integrity, also taking 

into account target for extended lifetime 

• digital I&C systems that provide reliable and accurate control of 

normal plant operations 

• advanced features to improve fire protection 

• lay-out that provides credible physical separation of 

redundant and diverse safety systems and subsystems 

• significantly strengthened protection against natural and 

manmade external hazards, such as major earthquakes and 

floods and a crash of a large passenger airplane  

• advanced control of radiation during normal operation: very 

small radioactive releases, occupational radiation doses, and 

radioactive waste generation 

5 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  
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Features expected from 3rd generation NPPs - 3 

DiD level 2 

• monitoring and interlocking systems that are qualified for 

safety critical use and would detect deviations of main plant 

parameters from their normal range, providing reliable and timely 

return to safe operating regime 

DiD level 3 

• redundant and diverse safety systems that provide flexible 

management of accidents, extended beyond the traditional design 

basis accidents and including long-term loss of all AC power and loss of 

the primary heat sink 

• diverse I&C systems designed to ensure reliability of 

automatic protection against complicated accidents 

DiD level 4 

• dedicated systems that are fully independent of other plant systems and would 

eliminate significant radioactive releases by protecting 

containment integrity even after a core meltdown accident  

6 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

http://www.rosatom.ru/
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Safety of new VVER plants  

Examples of “Generation III” characteristics 

 

 

 

 

 

7 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  
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Development of Russian NPP safety 

The accident at Chernobyl was a turning point in Russian involvement in 

international nuclear safety co-operation and in developing new safer 

nuclear power plants. 

• Russian experts have been actively involved in the IAEA work to 

develop global safety principles and standards, especially in 

connection with pioneering INSAG work 

• Since 1990’s Russia has been in lead role in NEA coordinated 

experimental nuclear safety research. 

• International interaction has ensured that the Russian national nuclear 

safety requirements are consistent with the latest IAEA Safety 

Standards. 

• AES-2006 type VVER is already designed to meet the requirements 

included in the 2012 version of SSR-2/1, Safety of Nuclear Power 

Plants: Design. 

8 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

http://www.rosatom.ru/
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Improved assurance of AES-2006 primary circuit 
integrity for 60 years operation (1) 

• Reactor vessel materials and structure 

- less impurities in base metal and 
welds, less nickel in welds, increased 
vessel diameter in order to reduce 
neutron irradiation of the vessel; 

- according to extensive research the 
material maintains its ductility even in 
lowest possible temperatures after 60 
years of operation at full power; 

- small material embrittlement by 
neutron irradiation can be confirmed 
by investigating material samples 
placed in optimum way on vessel wall. 

9 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

http://www.rosatom.ru/
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Improved assurance of AES-2006 primary circuit 
integrity for 60 years operation (2) 

• Steam generator structure and 
operating conditions 

- The original SGs that have been 
properly operated have good 
operating experience – no 
replacements have been needed 
and are not expected during 60 
years lifetime 

- New plants have improved removal 
of corrosive products from SGs, 
copper is avoided in secondary side 
materials, and secondary side has 
new type of water chemistry 

10 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

http://www.rosatom.ru/
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Improved assurance of AES-2006 primary circuit 
integrity for 60 years operation (3) 

• Reactor coolant piping meets all 
necessary conditions of the “leak-
before-break” concept 

- material properties, 

- stress analysis,  

- in-service inspections,  

- leak monitoring  

11 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

http://www.rosatom.ru/
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Advanced features of AES-2006 
main coolant pumps 

Two special safety features of MCPs: 

 

 

 

 

 

12 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

1. Primary circuit main circulations pumps 
and their motors have water cooling and 
water lubricated bearings, while most 
PWR plants have oil cooling  and 
lubrication that entails elevated risk of 
large fire inside the reactor building. 

2. An issue that is important in connection 
with the complete loss of electrical power 
is the potential leak from the primary 
circuit main circulation pump seals. AES-
2006 pumps have a seal structure that 
ensures very small leak in all conceivable 
circumstances. 
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www.rosatom.ru 

Advanced approaches to fire protection at 
AES-2006 plants 

Reliable and safe fire suppression 

• Water based ”high fog” systems 
that have been effective in 
suppressing fires in many real fire 
accidents at different facilities are 
used for suppressing oil and 
electrical fires; these systems do 
not spread poisonous or 
suffocating materials and thus 
their use is not hazardous to 
operating staff or environment. 

13 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

Reduction of fire hazards 

• Water cooling and water lubricated bearings of primary circuit main 
circulations pumps and their motors eliminate the risk of large fire inside 
the reactor building  
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Lay-out of AES-2006 plants 

Lay-out provides systematic separation of diverse safety systems and of 
redundant subsystems of safety systems 

14 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

• Separation is based on 
placing diverse systems 
and redundant 
subsystems to different 
buildings or different 
building compartments 
so that a fire, flood or 
any other internal or 
external threat cannot 
cause loss of an entire 
safety function.  
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Protection of AES-2006 against natural hazards 

Seismic design against Safe Shutdown Earthquake (SSE)  

• Russian sites are chosen so that an earthquake causing horizontal peak 
ground acceleration (pga) 0,125g (specified intensity of SSE) is not estimated 
to occur more often than once in 10 000 years. 

• Nevertheless, vital systems and components are designed to withstand an 
earthquake intensity of 0,25g. This gives an opportunity to offer foreign 
sites an optional SSE up to 0,41g without changes in plant spaces or lay-out. 

• Strength of buildings and concrete structures of exported plants can be 
designed for site specific conditions as requested by customer. 

• Seismic analysis is done with conservative models, as defined in international 
standards; in addition a verification analysis is made with realistic models 
and 40 % higher intensity to demonstrate adequate margin of design. 

• Response of structures is studied for several different frequency spectra.  
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Protection of AES-2006 against manmade 
external hazards  

Air plane crash 

• Design basis air plane crash evaluated with conservative models and 
assumptions is crash of  a small private air plane (weight 5,7 tons). 

• Design extension air plane crash evaluated with realistic models and 
assumptions is a large commercial air plane (weight 400 tons) hitting the 
plant with maximum conceivable speed. 

• Protection shall provide elimination of 

- radioactive releases as direct consequence of impact 

- an accident sequence due to loss of decay heat removal capability, which could be 
either a consequence of direct damage to safety systems, indirect damage due to 
induced vibrations in equipment, or indirect damage due to a kerosene (fuel) fire. 

Protection is provided by double containment and some other buildings 
with thick walls and physical separation of redundant parts by distance 
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Modern digital protection systems of 
AES-2006 plants 

• VVER plants can be offered with  

- digital protection systems that are designed and qualified initially for 
nuclear applications and proven with extensive experience at the 24 
French plants (1300 MW series) since 1983 – at equipment level the 
technology is modernized in line with todays’ state-of-the-art  

- digital systems for controlling normal operation and limitation functions, 
purchased from a different contractor to ensure diversity and 
independence  

- hardwired analog I&C systems as back-up for main parts of the digital 
protection systems 

17 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 
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 Diverse and redundant safety systems (1) 
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Provision of the three fundamental safety functions is 
necessary and sufficent for ensuring nuclear safety: 

1. Control of reactivity  
• preventing uncontrolled reactor power increase 
• ensuring fast safe shutdown of the reactor when needed, 

2. Removal of decay heat to the ultimate heat sink 
• cooling of shutdown reactor 
• cooling of used nuclear fuel 

3. Containment of radioactive materials  
•  preventing significant radioactive releases  
       to the environment 
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The leading principle in the design of the AES-2006 plants is:  
 

 

All fundamental safety functions shall be provided both with  
• active systems that have very reliable AC power supply and  
• passive systems that do not need electrical power at all. 

 
 
This gives the operators a possibility to use different safety systems 
independently of each other and in a flexible manner, depending 
on the accident scenario.  

 
 

Diverse and redundant safety systems (2) 
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Diverse and redundant safety systems (3) 
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All new VVER plants that are under construction have already 
design features that take properly into account the main 
”Fukushima issues”: 
 

• long term cooling of reactor core without electrical power, 

• long term decay heat removal that is not relying on 
primary ultimate heat sink (sea, river, cooling tower, ...), 
and 

• protection of reactor containment integrity with dedicated 
systems after a potential core meltdown accident. 

http://www.rosatom.ru/


www.rosatom.ru 

Control of reactivity – passive system 
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All VVER and PWR  reactors can be shutdown by cutting power 
of the electromagnets that hold them above the reactor core 

• Gravity force causes the rods to drop into the core.  

 

AES-2006 plant reactor has a unique safety feature when 
compared with other pressurized water reactors: 

• When control rods are in the core the reactor will stay 
in shutdown state down to temperatures below 100°C 
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Control of reactivity – active system 

22 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

AES-2006 plant reactors have also a 4 x 50% redundant 
boron injection system that can add liquid with high 
boron concentration to the reactor coolant. 

• Even in the event that the control rods would not 
drop to the reactor core as would be needed as a 
consequence of an anticipated transient, the 
boron induced shutdown is so fast that no fuel 
damage would occur 

• This is more efficient protection against ATWS 
(Anticipated Transient Without Scram) than 
found in most other reactors 
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Removal of decay heat to the ultimate heat sink (1) 

 

• Active systems can remove decay heat  

- to the heat sink used by the condenser coolant system (e.g. 
sea, river, cooling tower) 

- to a separate “spray pond” used by the safety systems as an 
alternative heat sink 

- to the atmosphere – feed and bleed from steam generators.  

 

• Passive systems can remove the decay heat from steam 

generators directly to the atmosphere.  
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Passive system for decay heat removal at 
Leningrad-2 plant (1) 
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1 – emergency heat removal tanks (EHRT)  

outside containment ; heat is removed by 

boiling of water in EHRTs in atmospheric 

pressure 

2 – steam lines  

3 – condensate pipelines 

4 – PSHR-SG valves   

[5 – heat exchangers of containment heat 

      removal system PSHR-C; it is 

      a separate system but uses same EHRTs] 

6 – steam generators 

7 – cutoff valves 

24 
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Passive system for decay heat removal at 
Leningrad-2 plant (2) 
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Operation of 3 out of 4 EHRT tanks provides 
cooling for 24 hours, all 4 tanks for 72 hours. 
All tanks can be connected as communicating 
vessels and then all water is available. 

After Fukushima, a fixed battery driven pump was 
added to design that can refill the EHRT tanks and 
spent fuel pools from a separate storage tank, 
batteries have a capacity for 72 hours. 

Also, connections were made for transportable  
small diesel generator for dedicated recharging of 
batteries and thus for providing water without time 
limit. 

Furthermore, connections were made for two 
transportable diesel driven pump units that can also 
refill EHRT tanks and spent fuel pools. 

25 
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Containment of radioactive materials (1) 
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Protection of the reactor containment even in 
connection with a core meltdown accident has 
been one of the original design principles used for 
AES-2006 plants. 

Experimental research for proving the respective 
design features has been done for more than 20 
years, including Russian led OECD/NEA program. 
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Containment of radioactive materials (2) 
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The target for protecting the 
reactor containment after a 
possible core meltdown accident 
was set in the USSR soon after the 
Chernobyl accident.  

All European nuclear regulators 
agreed in 2010 that this target has 
to be met by all new NPPs in 
Europe. 

After Fukushima Daiichi accident, 
this target has received worldwide 
support.  

  
Installation of the shell of the core catcher 
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Containment of radioactive material (3) 

• The strategy for protection of the AES-2006 containment after 
possible reactor core meltdown is that  

- all physical phenomena that could occur in connection with core 
meltdown and endanger the containment integrity are taken into 
account and  

- dedicated means and systems are provided to ensure containment 
integrity.  

• Protection of the AES-2006 containment integrity is based on  

- systems that are completely independent and separated from the 
systems that are intended to prevent a severe reactor core 
damage. 

28 The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  

http://www.rosatom.ru/


www.rosatom.ru 

Containment of radioactive material (4) 
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The physical phenomena addressed in 
the AES-2006 design include: 
• reactor core meltdown in high 

primary circuit pressure, 
• containment overpressure due to 

the steam generated inside the 
containment, 

• accumulation of hydrogen inside 
the containment and consequent 
hydrogen explosion, 

• penetration of the molten 
reactor core through the 
containment bottom, and 

• recriticality of the molten reactor 
core 

• steam explosion, 
 

 

Passive catalytic hydrogen 

recombiners  at operating VVER 
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Containment of radioactive material (5) 
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Cooling tank outside 

the containent 

Containment overpressure protection system at Leningrad-2 

Condensing plates inside 

the containment 
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Containment of radioactive material (6) 
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• Placed below the reactor vessel to 

protect  the containment structures 

against impact of molten core (very high 

temperature of more than 2000°C). 

• Retains and cools core melt and solid 

fragments of the core, parts of the vessel 

and reactor internals resulting from core 

damage. 

• Transfers passively the heat to cooling 

water surrounding the “core melt pot” 

and thus ensures  long term cooling 

and solidification of the molten core.  
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Containment of radioactive materials (7) 

The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and its affiliated 

companies. Rosatom disclaims all responsibility for any and all mistakes, quality and completeness of the information.  32 

• Molten core is mixed with neutron 

absorbing material placed inside the 

“core melt pot” to ensure that no chain 

reaction can start in the mixed materials  

inside the core catcher. 

• In no accident scenario there is water 

inside  the “core melt pot”. This 

eliminates the risk of steam explosion.  

• Core catcher decreases significantly the 

hydrogen generation (typically by factor 

4) because the hot metal captures 

oxygen from the aluminum oxide in the 

pot and not from water. 

• Crust formed on the top stops  transfer of 

radionuclides into the containment. 
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Conclusions 
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• The VVER type nuclear power plants have gone through a continuous 
evolution during 50 years and have demonstrated their safety and 
reliability in power generation. 

• The AES-2006 plants have safety design features that take into account the 
latest development of safety requirements and safety technology. 

• All fundamental safety functions are ensured by multiple different safety 
systems, both active and passive. 

• The VVER designers have developed already before the Fukushima Daiichi 
accident the NPP safety features that have been commonly suggested to 
new nuclear power plants after the accident. 
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Introduction 

2 

The main intention of this presentation is to provide: 

• - some clarifications regarding the structure and composition of safety 

systems of modern VVER Gen III NPPs 

• - information on the improvements implemented in the latest designs 

based on AES-92 design 

 

 

 

Basing on the same Technical assignment for AES-2006 NPP two different NPP designs 

were developed in two different companies using their own experience, approaches  and 

available groundwork. This determined the presence of certain differences in the 

designs, but the design targets related to efficiency and safety are met. 

 



Progress of Safety Systems in JSC Atomenergoproekt 

VVER-Type NPP Designs  
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NVNPP Unit 5  

Small series 

U- 87 (V-320) AES-92 

•  3 trains of active safety systems; 

• single containment shell; 

•  emergency heat removal via 
secondary circuit is limited in time by 
water inventory in DM water tanks; 

•  core damage after 2-3 hours in case 
of active safety systems failure  

Kudankulam NPP Belene NPP 

AES-2006 VVER-ТОI NPP 

Novovoronezh-2 NPP 

Government Order 
No 1026 of 
28.12.92 and 
within the 
Environmentally 
Clear Energy  
National Program 

VVER-TOI NPP 

•  4 trains of active safety systems; 

•  passive safety systems for all critical safety 
functions (CSF); 

•  double containment shell with controlled 
annulus; 

•  emergency heat removal via secondary circuit is 
not limited in time both in active and passive 
mode; 

• long-term (not less than 24 hours) ability to 
prevent  fuel damage beyond the limits specified 
for DBA;  

• The Certificate of compliance with EUR 
requirements is granted 

•  2 trains of active safety systems 
with internal redundancy; 

•  passive safety systems for all 
CSF; 

•  double protective containment 
with controlled annulus; 

•  emergency heat removal via 
secondary circuit is not limited in 
time both in active and passive 
mode; 

• long-term (not less than 24 hours) 
ability to prevent  fuel damage 
beyond the limits specified for 
DBA  under blackout conditions 
without the operator’s 
interference; 

• assessment of the design 
compliance with EUR 
requirements together with EUR 
experts 

•  2 trains of active SS; 

•  passive SS for all CSF; 

•  double protective containment 
with controlled annulus; 

•  emergency heat removal via 
secondary circuit is not limited in 
time both in active and passive 
mode; 

• ensuring enhanced Unit 
resistance  to extreme external 
impacts; 

• long-term (not less than 72 hours) 
ability to prevent  fuel damage 
beyond the limits specified for 
DBA  under blackout conditions 
without the operator’s 
interference; 

•   assessment of the design 
compliance with EUR 
requirements together with EUR 
experts 
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Safety concept of modern VVER NPPs 
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Safety concept provides for : 

 

 Use of mutually redundant  safety systems of «active» and «passive» principles of action that 

ensures protection against common-cause failures and allows for increase of safety systems 

reliability factors by several orders 

  Use of «active» part of safety systems for normal operation functions that allows for increase of 

safety system availability level. Such solution provides for additional protection against common-

cause failures and excludes latent failures being a main reason of system non-availability in standby 

mode. 

 Safety systems are designed in such a way that operator interference in case of accident  is not 

needed at least for first 15-30 minutes 

 Protection against human errors due to: increase of automatic control level of systems (exclusion of 

personnel’s actions) in case of occurrence of certain design-basis accidents and, in particular, in the 

case of primary-to-secondary leaks; use of passive systems, which activation do not require 

participation of operation personnel 

 Use of full-pressure double shell containment with hydrogen removal systems, the catcher for molten 

core provide no exceeding of maximum release established values during beyond design-basis 

accidents with core severe damage  

 



Comparison of main safety features 
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Safety systems 
 

AES-2006 
Saint 

Petersburg 

AES-2006 
Moscow   

Number of active trains 4 2 

Number of passive trains 4 4 

GA-1 + + 

GA-2 - + 

Core Catcher + + 

Emergency boron injection system + + 

Passive heat removal system from SG + + 

SG Emergency cool-down system + (open) +(closed loop) 

Passive containment heat removal system + - 

Active containment heat removal system + + 

Containment hydrogen removal system + + 

Annulus passive filtering system - + 



Main Engineering Solutions for Safety Systems  

The safety assurance concept is based on applying safety systems that use different principles 

of their operation: active and passive ones 

Passive part of emergency core cooling 
system, including stage 2 and 3 

hydroaccumulators system 

Emergency primary circuit gas 
removal system 

Annulus passive filtration system 

Hydrogen concentration monitoring 
and emergency removal system 

Passive heat removal system (PHRS) 

System of the molten core 
confinement and cooling outside 

reactor 

Alternative cooling water circuit 
system with  fan cooling tower 

APCS pertaining to safety functions 
implementing systems 

Emergency reactor shutdown and its 
maintaining in subcritical condition 

Emergency heat removal from the 
reactor as well as from the spent fuel 

pool 

Radioactive substances confinement 
within the specified limits 

Maintaining the reactor pressure 
circuit boundary integrity 

Uninterrupted power supply units 

Storage batteries Standby diesel power plant 

Primary  circuit overpressure 
protection system 

Main steam lines isolation system 

Hermetic enclosure system 

Secondary circuit overpressure 
protection system 

Spray system 
(1JMN+1FAK10-20) 

Steam generator emergency 
cooldown system 

Emergency and planned primary 
circuit cooldown and fuel pool 

cooling system 

Emergency boron injection system 

Reactor control and emergency 
shutdown system 
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SAFETY SYSTEMS 

BEYOND DESIGN BASIS ACCIDENTS  
MANAGEMENT HARDWARE EQUIPMENT  

MAIN SAFETY FUNCTIONS 

NORMAL OPERATION POWER  
SUPPLY SYSTEM 

EMERGENCY POWER SUPPLY SYSTEM 

SAFETY SYSTEMS 
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Main passive safety systems  
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Annular 
space 

Inner 
containment  

Outer 
containment 

Second stage HA 

Passive Heat 
Removal System 

PHRS heatexchanger 

Main 
circulation 
pump 

Primary circuit 

HA-2 

HA-3 

HA-1 

Core catcher 
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Passive core flooding system  
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Core flooding system is a passive part of 

emergency core cooling system (ECCS) 

consisting of hydraulic accumulators (HA) of 
the 1st, 2nd and 3rd stages.    

HA-1 are required for emergency flooding of 

the core with boric acid solution if primary 

pressure goes below 5.9 MPa.    

 

HA-2 are used to maintain coolant inventory in the primary circuit required for reliable heat removal from 

the core. They start delivering water when primary pressure drops below 1,5, MPa.   

HA-3 are a “followup” of HA-2 to maintain coolant inventory in the reactor core under beyond design 

basis accidents with primary circuit leaks and failures of the active safety systems after the expiration of 

boric acid solution inventory in HA-2.    
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Results of HA-2 tests at the test bench 
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Test volume Flow rate 

Experimental flowrate 
Design flowrate 
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Passive Heat Removal System 

Passive heat removal system (PHRS) is designed for long-term removal of decay heat from the 

reactor in case of loss of all electrical power supply sources including emergency ones in case of 

leak-tight primary circuit and leakages as well. 

 

The heat exchangers are placed at a height of around 40 m and are protected by civil structures, so 

that their possible failure caused by floods or other natural or man-induced effects (air shock waves 

resulted from explosions at the site and the adjacent territories, as well as hurricanes and tornadoes) 

is excluded 

 

 

 

The system comprises of four independent natural- 

circulation secondary coolant circuits (4 х 33 %) – 

one for each circulation loop of the Reactor plant 

 

Each circuit comprises of heat-exchange modules, 

steam-condensate path pipelines, air ducts for 

ambient air supply and heated air bleeding and 

passive direct-action devices intended to control 

air flow rate.   

. 
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PHRS arrangement in Kudankulam NPP containment  
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Steam Generator Emergency Cooldown System 

SG Emergency Cool-

down System  

Closed-loop active 

system  

Service water 
Cooling water 
circuit 

Steam generator (SG) emergency cooling 

system is designed for performing the 

following safety functions under design basis 

accidents: 

 decay heat removal from the core in 

emergency situations associated with 

loss of power supply or loss of normal 

heat removal through the secondary 

circuit including steamline and feedline 

leaks 

 decay heat removal from the core and 

reactor cooling down in emergency 

situations related with depressurization 

of the primary circuit including rupture of 

the main circulation pipeline (through 

intact loops)   



Design options for VVER-TOI  -   МОХ-Fuel 
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The proposed fuel handling 

concept and the solutions 

accepted in the VVER-TOI 

design make it possible to 

provide the following in case 

of the MOX-fuel use: 

 not to rework the fresh 

fuel storage facility for 

MOX FA 

 not to upgrade the 

reactor building systems 

 

 
 with no additional equipment development and manufacture to deliver safely 

new MOX FA to the reactor building, to load them into the reactor and to remove 

the spent MOX FA 



Design options for VVER-TOI - Load Following Operation  
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The design provides for the Power Unit load following operation within the range of 100-50-100 

according to the daily load programme during the whole time of the fuel hold-up operation 

with the constraints as follows: 

 During the initial time of the fuel hold-up operation the load following is prohibited – 40 days – fuel 

side (fuel supplier) restrictions;  

 Within 60 to 80% of the fuel hold-up operation time the power decrease rate – 3% per minute and 

the power increase rate – 1% per minute – can be provided; 

 At the final stage of the fuel hold-up operation the load following is inadvisable or the power 

decrease rate 3% per minute can be provided, then the power increase rate will go down from 

1% per minute to 0.2%. If the off-loading intensity is reduced the power ascension rate can be 

increased up to 1% per minute 

For the purpose of the load-following operation realization 

the following have been implemented in the Project: 

 “Mild” temperature control due to the SG pressure change 

from 0.2 to 0.5 MPa; 

  Algorithms using groups of control rods with reduced worth; 

 The required capacity of the boron control system and the 

coolant processing system is provided 
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NVO NPP-2 Layout 

VVER-TOI –  

“mirror layout” 

VVER-TOI - 

1st stage ECCS 

hydro accumulators 

have been moved 

below the service 

elevation 

Optimization of Reactor Building Layout Concepts 



Optimization of Reactor Building Layout Concepts 
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NVO NPP-2 Layout VVER-TOI – “mirror layout” 

Steam chambers side location made it possible to rearrange completely the around-structures at 

the upper elevations as well as to balance the length of steam lines from all steam generators to 

FSIV, thus causing the balancing of hydraulic losses and of medium parameters of the steam 

lines 

Pressure losses of steam lines have been minimized by excluding the steam header from the 

steam generator steam path 



Evolution of Approaches to Reactor Building Civil 

Structures Erection 

17 
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Summary 

18 

 

Modern designs of VVER Gen III (III+) feature a perfect blend of safety 

technology, reliability and economic performance. 

 

Further increase of NPP performance can be obtained by increasing 

working parameters resulting in higher coefficients of efficiency 



Thank you for your attention! 
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1 Development of advanced PWR  

1.1 General Introduction 
SMR: ACP100 PWR : ACP1000 

Advantages: Advantages: 

Large Scale Advanced PWR Small Module Reactor 

Testing & verification: 

 Reactor integral hydraulic test, by-pass  
     Test, lower plenum mixing test 

 Cavity Injection and Cooling System test 

 Test for Passive Residual Heat Removal  
      System of Secondary Side(PRS) 

 Internals flow induced-vibration test 

 Control Rod Drive Line anti-seismic test 

First Site: Fuqing 5&6, Fujian, China Demonstration Site: Putian, Fujian, China 

Testing & verification: 

 Good Economy 
 Technology Maturity Based on Gen II+ 

 Active & Passive Reliable, efficient + SBO 

 Multi-application 
 Flexible site selection 
 Inherent Safety 

 Control rod drive line anti-seismic &  
     control rod drive line cold & hot test  

 Fuel assembly CHF testing 
 Passive emergency core cooling system  
     integration testing 

 Internals vibration testing 
 CMT and passive heat removal system  
     testing 
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1 Development of advanced PWR  

 Core Nominal Thermal Power: 3050MWt 

 Nominal Electrical Power: >1100MWe 

 TDF flowrate: 22840 m3/h/loop 

 Design Pressure: 17.23 MPa 

 Design temperature: 343℃ 

 Fuel assembly number: 177 

 Fuel type: CF3  

 Operating Pressure: 15.5 MPa 

 Reactor inlet temperature: 291.5℃ 

 Reactor outlet temperature: 328.5℃ 

 Core average temperature: 310℃ 

1.1 ACP1000   (Hualong) Main Parameters 
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1 Development of advanced PWR  

 Nuclear Design 
 Loading strategy for 18-month refueling 
 CF3 advanced fuel assembly 
 Advanced in-core measurements (RII) 
 LPD & DNBR online monitoring system 
 Advanced CRDM (ML-B) 
 Integrated latch housing & integrated rod travel housing 
 Reactor Coolant System Design 
 Dedicate depressurization system for severe accident 
 PRV high point venting system 
 LBB technology 
 Passive secondary side heat removal system (PRS): ≥72 hours 
 Core Cavity Injection and cooling system (CIS): IVR, ≥ 72 hours 
 Passive Containment Heat Removal System(PCS): ≥ 72 hours 

 Main Equipment   60 years 

1.1 ACP1000   (Hualong) Technical Features 
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1 Development of advanced PWR  

 Design Lifetime: 60 years 

 Cycle Length: 18 months 

 DNB margin ＞15% 

 Operating Mode: Mode G  

 Plant Availability Factor  ≥ 90% 

 Extreme safety ground motion (SL-2): 0.3g 

 Core Damage Frequency < 1 × 10-6  

 Large Early Release Frequency < 1 × 10-7 

1.1 ACP1000   (Hualong) Main Features 
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1 Development of advanced PWR  

 Core Nominal Thermal Power: 310MWt 

 Electricity power: ~100 MWe 

 Best estimate flowrate: 6500 m3/h 

 Fuel assembly number:  57 

 Fuel enrichment: 4.2% 

 Fuel type: CF2 shortened assembly 

 Operating Pressure: 15 MPa 

 Reactor inlet temperature: 282℃ 

 Reactor outlet temperature: 323℃ 

 Core  average temperature:  303℃ 

 SG type: OTSG 

1.2 ACP100   (Longxing) Main Parameters 
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 Integral reactor module  
 OTSG, Canned motor pump, Integrated reactor head package 
 All main components mature 

 Inherent Safety 
 Integrated arrangement 
 Canned motor pump 
 Small power, small residual heat, small source term 
 Low Power Density   
 Large Reactor Coolant Inventory 
 NSSS Underground 

 

1.2 ACP100   (Longxing) Technical Features 

1 Development of advanced PWR  

 Passive Safety 
 Passive core cooling system 
 Passive residual heat removal system 
 Passive containment heat removal system 
 Passive inhabitation system 
 Automatic depressurization system 
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 Primary system and equipment integrated layout.  
 The max size of the conjunction pipe is 5-8 cm, whereas the large PWR is 80-90cm 

 Large primary coolant inventory. 
 Small radioactivity storage quantity.  
  Total radioactivity of SMR is 1/10 of large PWR’s 

 Vessel and equipment layout is benefit for natural circulation 
 Assurance decay heat removal more effectively 
 2-4 times of the efficiency of large PWR heat removal  

 Smaller decay thermal power 
 1/5-1/10 times of decay thermal power comparing that of large PWR after 

shutdown, and is easier to achieve safety by the way of “passive” 

 Reactor and spent fuel pool lay under the ground level for better 
against exterior accident and good for the reduction of radioactive 
material release 

 

1.2 ACP100   (Longxing) 

1 Development of advanced PWR  

Main Features 

2015/2/6 
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2 Refinement of advanced PWR  

2.1 ACP600  10  design refinement of ACP1000 

 24-month refueling capability 
 Load following without boron 

regulation 
 Extended scoping time without 

operator actions 
 Refinement of operation flexibility 
 New ZH60 SG design 
 On-line fatigue monitoring system 
 Refinement of reactor vessel 

structure design 
 Enhanced CIS design 
 Fuel assembly seismic against 0.3g 
 Enlarged pressurizer volume 

Better performance, 
economy, safety and 
reliability 
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2 Refinement of advanced PWR  

2.2 ACP100+  Brand New SMR Design 

 Evolutionary improvements on safety 
 Integrated RCS 
  internal steam pressurizer 
  internal CRDM 
  Control rods for reactivity control 
  Fully flooded containment 

 Better safety & Economics 
 Simplified system, Less Devices 
 Shortened construction 

 Eliminate Large LOCA 
 Eliminate Medium LOCA 
 Eliminate rod ejection 
 Eliminate boron dilution 
 Ensure core flooding 

 Site flexibility 
 Less site area 

PRZ 

CRDM 

RCP 

Core 

The objective of ACP100+ is to meet the multi-
function requirement on nuclear co-generation of 
heat, electricity, pure water and etc. for in-land 
and/or coast with more inherent safety features. 
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3 Key issues of advanced reactor   

Practical elimination of large radioactive release from NPP 

Risk Monitoring Monitor Operation 
 Parameters 

Estimate NPP Risk 
Trend 

Online Response & 
Risk Control 

Digitized Nuclear Reactor Deterministic Method Multi-Physics/Multi-Scale Coupling Methodology 

Risk Monitoring System Probabilistic Method Based on living PSA Point-in-time Risk 

ATF 

Severe Accident Analysis 

Longer Coping 
time 

Accident 
Mitigation 

Safety 
improvement 

Zr alloy cladding improvement 

Alternative fuel forms 

Alternative cladding materials 

Experience in  dispersed/inert matrix  fuel & New 
Zr-based alloy development 

Research on SiC/SiC composite Cladding 

Cladding Oxidation Debris Bed Cooling 
Model Hydrogen Behavior 

Assure the integrity of Three-Barriers of NPP  
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Thank you! 
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GE Hitachi's ABWR and ESBWR: 
safer, simpler, smarter 

OECD/NEA Workshop on innovations 
in water-cooled reactor technologies 

Issy-les-Moulineaux, Paris  

11-12 February, 2015 David Powell 
Vice President Nuclear Power Plant Sales, Europe 

GE Hitachi Nuclear Energy 
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GE Hitachi’s new reactor portfolio 

PRISM  ESBWR 

Operational Gen III active 
safety technology 

NRC certified design 

• Lowest core damage frequency 
of any Generation III reactor 

• Extensive operational experience 
since 1996 

• Licensed in US, Taiwan, Japan 
• First concrete to first fuel … 39 to 

45 months 

Evolutionary Gen III+ 
passive safety technology 

NRC certified design 

• Lowest core damage frequency 
of any reactor … safest design  

• Passive cooling for >7 days w/o 
AC power or operator action 

• Lowest projected operations, 
maintenance, and staffing costs1 

• 25% fewer pumps, valves and 
motors than active safety plants 

Revolutionary Gen IV sodium 

cooled technology 

 Ultimate used fuel solution 

• Passive air-cooling w/no operator 

or mechanical actions needed 
• Ultimate answer to the used fuel 

dilemma - reduce nuclear waste to 
~300-year radiotoxicity2 while 
generating new electricity 

• Also solution for Pu disposition 

1  Claims based on the U.S. DOE commissioned ‘Study of Construction Technologies 
and Schedules, O&M Staffing and Cost, and Decommissioning Costs and Funding 
Requirements for Advanced Reactor Designs’ and an ESBWR staffing study 
performed by a leading independent firm 

2   To reach the same level of radiotoxicity as natural uranium 

 

 ABWR 
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GEH new nuclear plant development  

Worldwide BWR fleet K6/K7 – First ABWRs Borax BWR 
test facility 

ESBWR 

SEFOR, Fermi I, Seawolf, FFTF 

US sodium reactor experience EBR EBR-II PRISM 

1950’s 1980’s 2000’s 

lessons learned … customer input … new features … testing … studies … detailed design 
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BWRs are simpler, safer, easier to operate 

III+ III+ 

U.S. PWRs
2 E-5 (avg.)

U.S. BWRs
8 E-6 (avg.)

APR1400
2 E-6

APWR
1.2 E-6

EPR
2.8 E-7

AP1000
2.4 E-7

ABWR
1.6 E-7

ESBWR
1.7 E-8
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References: Plant licensing DCDs and publically available information 
Note: PRA of CDF is represented in at-power internal events (per year) 
Note: NSSS diagrams are for visualization purposes only 

Generation III  …  III+  Generation II 
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Best-in-class SBO response 

Gen II, 
EPR Water Operator 

Action 
Electric 
Power 

       

72 HRS. 

       

>7 days 

AP1000 

ESBWR 

*ABWR DCD credits water addition at 8 HRS.  
References:  AP1000: US DCD Rev. 18 Section 8.5.2.1; EPR: US DCD Rev. 1 Section 8.4; 
VVER AES-2006: Stuk Preliminary Safety Assessment 
   

Responses needed to prevent core damage 
during  extended loss of all AC power 

• Gen III+ passive plants allow for                
a much longer coping time 

• Decay heat level impacts urgency 

DECAY HEAT 

ABWR 

~36 HRS.* 

       

30 MIN. 

  24 HRS. 

       

30 MIN.    

VVER 

AES-2006 
       

24 HRS. 
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ABWR features and improvements 

FMCRDs  
(Fine Motion 
Control Rod 

Drives) 

RIPs  
(Reactor Internal 

Pumps) 

ECCS - 3 Division Active Emergency Core Cooling System 

Steam-driven 

RCIC pump 
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ABWR project experience 

Hamaoka-5 
COD 2005 

Kashiwazaki-Kariwa 6 

COD 1996 
Kashiwazaki-Kariwa 7 
COD 1997 

Shika-2 
COD 2006 

Under Construction 

The only Gen III Reactor with operating experience …  +25 years  

Ohma 1 
38% complete 

Shimane 3 
94% complete 

Lungmen 1&2 
94% complete 
Pre-op testing 

Operational 

Images copyright TEPCO, Hokuriku Electric Power, Chugoku Electric Power, and J-Power; Provided by Hitachi GE Nuclear Energy  

Constructed on time 

… 39-45 months 
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ESBWR significant attributes 

Safer  
• Safest reactor design available … lowest CDF 
• Passive accident response with no AC power or operator action 

• Hands-free 72-hour design basis accident response 
• Passively cools for 7+ days following SBO … >2x better than AP1000 

Simpler 
• 25% fewer safety-related components than active plants … 11 fewer systems than ABWR 
• Simpler to operate and maintain … fewer plant transients and online surveillances 

Smarter 
• 1520 MWe with 20% fewer staff and lowest projected O&M cost per MWe 
• No steam generators to replace 
• Dominion & DTE selected ESBWR … NRC certification Oct 2014 

Copyright 2014 GE Hitachi Nuclear Energy International, LLC - All rights reserved 
8 

Passive safety 
utilizing the laws 
of nature: natural 

circulation and 
gravity 

8 
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ABWR to ESBWR evolution: Nuclear Island 

1 

1 

1 

Fuel and Aux Pool Cooling – equivalent designs 2 

Reactor Water Cleanup System – equivalent designs 

2 2 

3 

3 

3 Suppression Pool Cooling & Cleanup System – equivalent capability 

7 High Pressure Core Flooder – replaced by HP CRD makeup 

4 Residual Heat Removal System – equivalent for shutdown cooling 

6 
4 

4 

7 

5 

Standby Liquid Control System – simplified design 

5 
5 

8 Reactor Core Isolation Cooling – replaced by Isolation Condenser 

8 

8 

6 Hydraulic Control Unit – equivalent design 

7 

6 

9 Residual Heat Removal Containment Spray – replaced by PCCS  

9 

9 

Safety Relief Valves – Diversified by Depressurization Valves 

Systems are Equivalent or Simplified 

10 

ABWR ESBWR 

10 

9 

10 
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ESBWR passive safety systems 
No AC power or operator action required! 

Isolation Condenser 
System: Closed-loop 

cooling system 

transferring reactor decay 
heat to atmosphere; 
activates automatically if 
DC power is lost 

Gravity Driven 
Cooling System: 
Passively injects water into 

the reactor via gravity in 
case of LOCA 

Suppression Pool:  
Provides heat sink for 
initial LOCA 

depressurization 

Automatic 

Depressurization 
System:  
Passively 
depressurizes the 

reactor and keeps it 
depressurized 
following a LOCA 

BiMAC core catcher:  
Passively cooled core catcher 

Passive 
Containment 
Cooling System: 
Passively transfers 
decay heat out of 
containment, sending 
water to GDCS pools 

Standby Liquid 
Control System: 
Passively injects borated 

water into the reactor for 
backup shutdown 
capability 

x 6 x 4 

x 3 
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ESBWR modularization – based on ABWR 
   Roof Truss Steels 

      RCCV Top Slab 

 

          RCCV liner 

 

       Central Mat 

          Base Mat           HCU Room   Offgas Equipment  Lower Condenser Block 

T-G Pedestal Piping Unit  

    Upper Condenser  

Condensate Demin. Piping  

    Condensate Demineralizer Upper Drywell Module 

       RPV Pedestal  

                   MSIV  RWCU Reheat Exchanger  

11 



12 Copyright 2015 GE Hitachi Nuclear Energy International, LLC - All rights reserved 

ESBWR reduces dose 
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BWR PWR

ABWR 

ESBWR  
(projected) 

ESBWR dose reduction vs GEN II 

• Simplified design/less maintenance 

    -No recirculation or ECCS pumps/pipes 

• Cobalt containing material reduced 50+% 

• Improved Reactor Water Cleanup 

• Greater remote maintenance/inspection 

Source: U.S. NRC; Hitachi GE 

• Shielding minimizes N-16 operating radiation 
•N-16 is not an issue during maintenance … 

decays @ T1/2 7.1 seconds 
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ESBWR requires reduced staffing 

Source:  An ESBWR staffing study performed by a leading independent firm 

ESBWR requires 
significantly fewer 

plant personnel than 

any other Generation 
III/III+ design 
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Reduced equipment and maintenance 

ESBWR ESBWR Everything in one vessel 

Extra components impact: 
• Manufacturing 
• Installation 
• O&M 
• Decommissioning 

•ESBWR doesn’t require: steam 
generators, pressurizer, reactor 
coolant pumps, primary loop piping 

•PWR heat exchange surfaces 
(steam generators) wear out over 
20-30 years … 1/3 of ESBWR’s heat 
exchange surfaces (fuel) are 
replaced every outage (~2 years) 
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ESBWR offers substantial O&M improvements 

Easier to maintain Simpler to operate 

• 25% fewer safety-related 
components 

• 11 systems eliminated – others 

combined or simplified 
• Lowest O&M costs of any 

Generation III+ technology* 
• 50+% more fuel bundles 

exchanged in same outage time 
 

 
 

 

• Hands-free 72-hour design basis 
accident response; 7+ day SBO 

• Lowest staffing requirements … 

20% lower staffing per MWe* 
• Fully digital I&C 
• Fewer plant transients 
• Fewer online technical 

specification surveillances 
 
 
 

* Claims based on the U.S. DOE commissioned ‘Study of Construction 

Technologies and Schedules, O&M Staffing and Cost, and Decommissioning 

Costs and Funding Requirements for Advanced Reactor Designs’ and an ESBWR 
staffing study performed by a leading independent firm 

Passive safety & 
simplified design  
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In conclusion … 

• GE Hitachi has been bringing innovation to  
nuclear for 60 years  

• Portfolio includes the two safest light water 
reactor designs in the world 

o 4 ABWRs built on time and budget … only 
GEN III reactors with operating experience 

o ESBWR recently certified by US NRC … 
provides >7 day passive cooling 

• Focused on simpler, safer and smarter reactor 

designs to meet the global demands for 
nuclear power. 
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Back-up information 
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The Advanced Boiling Water Reactor 

99.9% Steam 

550⁰ F / 288⁰ C 

420⁰ F / 216⁰ C 
 

 BWR Fuel Assembly 
 - 90 fuel rods encased 
    in a ‘channel’ 
 - 2 water rods 
 - Part-length rods 
 - Burnable absorbers 

Reactor Pressure Vessel 

Steam 
Dryer 

Steam 
Separator 

Control Rod Drives 

Control Rod Blades 

Reactor  
Internal Pumps (ABWR) 
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ESBWR overview 
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ESBWR overview 

ESBWR Parameters 

• Core Thermal Power Output……. 
• Plant Net Electrical Output(1)……. 
• Reactor Operating Pressure…….. 
• Feedwater Temperature(2) ……….. 
• RPV 

Diameter………………………………. 
Height…………………………………… 

• Reactor Recirculation……………….. 
• Fuel………………………………………………. 

 
• Average power density…………….. 
• Control blades……………………………. 

 
4500 MWt 
1530 MWe 
7.17 MPa (1040 psia) 
216C (420F) 
 
7.1 meters (23.3 feet) 
27.6 meters (90.5 feet) 
Natural Circulation 
1132 fuel bundles 
Shortened length  of 3m 
54.3 kW/liter 
269 Fine Motion Control 
Rod Drives (FMCRDs) 

(1) Typical (site dependent) 

(2) Nominal Rated Operation 
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Fuel bundle … evolutionary  
product development 

GNF2 AdvantageTM 

GNF2e 

~8,300 produced 
to date 

GE14  

~30,000 produced 
Introduced in 1998 

Shorter, otherwise 
same as rest of fleet   

Same as GNF2 AdvantageTM  …  only 
shorter 

• 10x10 same pitch & diameters 
(rods/pellets) 

• 14 partial length rods 
• 2 single piece water rods, same 

diameters 
• 8 Inconel spacers 
• DefenderTM Lower Tie Plate 
• No finger springs 

… optimized 
for the ESBWR 
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ESBWR safety I&C 

4 Separate divisions 
with 3 independent 

platforms 

Each modular division features 

unique operation, vendor, and 
wiring & power: 
1. RTIF Reactor Trip 
2. Safety Systems 
3. Independent Control Platform 

Digital backup to the 
safety system with 
redundant and reverse 
SCRAMs 

Diverse 
Protection 

System 

Based on IEEE Std 603 
Criteria for Safety Systems for Nuclear Power Generating Stations 
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1

OECD/NEA workshop on innovations in water-cooled 
reactor technologies, 11-12 Feb 2015

Julie Gorgemans

Innovations in Reactor Designs 

AP600 and AP1000 are registered trademarks of Westinghouse 
Electric Company LLC in the United States and may be 

registered in other countries throughout the world. All rights 
reserved.  Unauthorized use is strictly prohibited.
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Westinghouse Electric Company

• Incorporated in 1886 by George Westinghouse 
• Responsible for some of the world’s most 

important achievements:
‒ AC technology
‒ 1st commercial radio broadcast
‒ U.S.S. Nautilus
‒ 1st camera on the moon
‒ Commercial nuclear power

• Westinghouse Is Solely Focused on Commercial 
Nuclear Technology

• Nearly 50 percent of the nuclear power plants in 
operation worldwide are based on Westinghouse 
technology

USS Nautilus

George
Westinghouse

World’s first pressurized water reactor 
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Factors that Influence the Development of a   
Nuclear Power Plant

Innovation and ability to innovate have 
many factors 

Innovation

Licensing
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AP1000® Plant Design Objectives
• Greatly simplified PWR

- Construction, maintenance, inspection, operation, safety
• Increased operation and safety margins

- Design basis accidents, Probabilistic Safety Assessment (core melt prevention & 
mitigation)

• Competitive cost of power, less than coal plant, other nuclear
• Short construction schedule; 3 years
• Licensing certainty – reviews by multiple different regulators

- U.S. design certification, COL approvals, construction inspections
- China preliminary/final safety analysis report reviews
- UK generic design assessment and Canada pre-licensing review

• Proven design; proven components/systems
• Improved availability, maintenance, inspection, operational radiation exposure 
• Pre-engineered/pre-licensed standard design

- Fleet wide/multiple country standard with very limited differences
• Active participation from stakeholders in the AP1000 plant design activities
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• Simplicity and standardization in Design through reduced number of 
components and bulk commodities

• Simplicity in Safety through the use of passive safety systems

• Simplicity in Construction through modularization

• Simplicity in Procurement through standardization of components and plant 
design

• Simplicity in Operation and Maintenance through the use of proven systems 
and components, and man-machine interface advancements

• Incorporates constructability, operability, maintainability and reliability 
into the design, achieving superior economics

The AP1000 Nuclear Plant is a breakthrough in 
technology and design
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Advanced Passive Technology Testing
• 15 different test facilities used for 

Design Basis Accident (DBA) testing for 
the advanced passive technology:

– Demonstrated passive core and 
containment cooling 

– Collected data for code validation

• U.S. NRC conducted extensive, 
independent testing in 5 test facilities:

– Confirmed results obtained by 
Westinghouse for DBA as well as a 
significant number of beyond design 
basis accidents

Innovation in the nuclear industry    
requires analysis and test data
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Modular Construction - Site Work Done in Parallel 
with Module Fabrication and Transportation

Accelerated construction time - three years 
from first concrete to fuel loading for Nth plant
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The AP1000 Plant is the result of an evolution over 
three decades

Advanced Passive Technology 
Development 

AP600™ Plant (1985 - 1997)

AP600 Plant Review by 
US NRC             

(1992 - 1998)

AP600 plant Approved  
(1999)

AP1000 Plant Design Development
(2000 - 2011)

AP1000 Plant Approved           
DCD Rev  15       (2006)

AP1000 Plant Approved           
DCD Rev  19     (2011)

AP1000 Plant Review by US 
NRC (2002 - 2011)

 The AP1000 plant builds on 
more than half a century of 
Westinghouse experience. 

 More than $1 billion design and 
testing effort

 More than 200 man-years of 
review by the US NRC

AP1000 Plant 
iDAC/iSODA
(UK, 2011)

EUR Certification
(2007)

Sanmen & 
Haiyang 

Construction 
Permits (March & 

Sept 2009)



9

Westinghouse Non-Proprietary Class 3 © 2015 Westinghouse Electric Company LLC. All Rights Reserved.

From the AP1000 Plant towards the SMR
• Package existing technology developed for the AP600 

and AP1000 PWR to meet the demands of the SMR 
market 
– Less than 300MWe 
– Rail shippable components 
– Integral PWR 
– Containment vessel and reactor below grade 
– Extended coping for SBO – 7 days 
– Employ compact containment to address economy of 

scale challenge 
– Short development cycle/reduced licensing risk 
– Modular construction – 30-month construction schedule 

SMR retains the same approach to 
Passive Safety as AP600 and AP1000 

PWR 
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Considerations for Advanced Reactor Designs
• Successful commercialization of advanced reactor designs requires:

– Sustained governmental nuclear policy (CO2 reduction)
– Focus on mission: Low-cost electricity
– Regulators ready to license a new concept
– Collaboration:

• Multiple stakeholder cooperation (no single vendor)
• Involvement from the industry, national laboratories and universities

– Cost-share
– Improve public perception for the advanced reactor

• Westinghouse has and will continue to explore a broad range of technologies
• Westinghouse recognizes the potential of salt-cooled reactors:

– Do salt-cooled reactors truly have the potential to create a step change in economics 
and enhance safety?

– Further investigation required to improve the technology readiness 
– Recommends industry collaborative effort
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Enhancing Safety: The Pursuit of Accident-
tolerant Fuel
• The Westinghouse passive technology is a significant step forward in 

further enhancing the safety of what was already highly safe. What else 
can be done to enhance nuclear plant safety even further? 

• The Westinghouse accident-tolerant fuel (ATF) program began in 2004, 
aimed at producing light water reactor fuel that provides a leap ahead in 
safety and performance, while also being economically attractive for 
nuclear power plant operators

• International, multidisciplinary team, funded by the U.S. Department 
of Energy: industry, national labs, universities

• Focus on new materials for both the cladding and the pellets to develop 
fuel that withstands and survives extreme events

• Manufacture of test fuel rods by 2016, six-year exposure in 
Test Reactors to develop the data required for licensing, 
lead test rods in commercial reactors in 2022
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Conclusions
• The AP1000 plant is a 

breakthrough in 
technology and design
– Passive safety
– Simplification
– Modular construction

• The Westinghouse SMR 
builds on the existing 
technology developed for 
the AP600 and AP1000 PWR to  meet the demands of the SMR 
market

• Development of advanced reactor designs should be the result 
of a collaborative effort (industry, national labs, universities)
– Potential of salt-cooled reactors
– Need to mature the technology

• Westinghouse continues developing new technologies to 
improve the safety of light water reactors (accident-tolerant fuel)
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Innovations: past, present and future 

Agenda: 

 

•  Past history of CANDU evolution 

 

•  Innovation processes 

 

•  Heavy Water Reactor technology today 

 

•  Heavy Water Innovations and future potential 

20/02/2015 



Background history — technology milestones 

1950s • CRL development 

• NRU, build up fuel testing, range of 

design concepts,  materials research 

 

1960s 

 

• AECL R&D delivery 

• Fuel, fuel channel fundamentals 

• Starting fuel cycle research 

• CANDU and other prototypes 

 

1970s 

 

• Start of AECL/industry R&D linkage 

• Focus concept—delivery—operations 

• Safety and licensing engagement 

 

1980s 

 

• First wave completion 

• Safety and licensing agenda identified 

1990s • Operating issues identification 

• Fuel cycle international cooperation 

2000s • Canadian consolidation 

3 

Canadian Nuclear Milestones World Technology Milestones 



CANDU Evolution:  

Examples of development milestones 

Risk-based safety requirements (1960s) 

 

Digital computer control of reactor operation (1970s) 

 

Demonstrate inherent decay heat removal by CANDU Moderator/shield tank (1980s) 

 

Safety System Software qualification (1990s) 

20/02/2015 



Innovation processes 

• Breakthroughs 

• New fuels 

• Passive safety 

• Digital safety systems 

 

• Incremental improvements 

• Increased plant lifetime 

• Improving safety margins 

 

• Consolidation 

• Increasing capacity factor 

• Addressing emerging problems 

• Safety software validation 

 

20/02/2015 



Heavy Water Reactor technology today (1) 

 

• CANDU 6 family of designs 

• EC6 (Enhanced CANDU 6) design: 

• Canadian regulatory review complete 2013 

• Generation III basis 

• Incorporates Fukushima Lessons Learned 

• Evolutionary design – benefits of provenness 

• Completely updated design basis and safety case 

• Flexible fuel capability 

 

• Design basis 

• Safety based on Engineered systems augmented by inherent features 

 

20/02/2015 
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General View of an EC6 Plant 



Heavy Water Reactor technology today (2) 

 
• CANDU Innovation: recent progress  

• Fuel cycle 

• Use of Recovered Uranium-blended fuel 

• Thorium-based fuels 

• MOX fuels 

• Operational Performance 

• Build in 3 year interval between plant outages 

• Extending plant life 

• Towards 40 years plus 40 years 

• EC6 Design features 

• Improved reactor instrumentation array 

• Improved shutdown units 

• Severe accident protective measures 

• Operator information systems 

• Distributed control system 

• Inspection and Maintenance Tooling 

• Improved inspection speed and accuracy 

 

 

 
20/02/2015 
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Moderator 
 

Can remove 4% decay 

power 

 

Several hours to heat up 

and boil off 

Calandria Vault 
(Large source of 

water) 

 

Can remove 0.4% 

decay power 

 

Many hours  to heat 

up and boil off 

Passive Heat Removal for Severe Accident Mitigation 

Reserve Water Tank  
fills the Calandria and its 

Vault by gravity (EC6) 
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Extra EC6 passive safety features 

• Elevated Reserve Water Tank to make-up: 

•  Steam generators 

•  Moderator 

•  Calandria vault 

•  Spray system 

•  Robust seismically qualified and aircraft 
 crash-proof containment 
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Smart CANDU® 

Technologies 

Plant 

Data 

Prediction, 

Prevention, 

Enhanced 

Operations 

Smart CANDU® technology – Gen III 

CAMLS CANDU Alarm Message List System 

Intelligent System assists operators to cope 

with events such as blackouts. 

ChemAND  Chemistry Analysis and Diagnostic 

System 

Health monitor for plant chemistry.  Predicts 

performance of components, determines 

maintenance requirements and optimal 

operating conditions. 

ThermAND  Thermal Analysis and Diagnostic 

System 

Health monitor for heat transfer systems & 

components.  Ensures optimal margins and 

maximum power output. 

MIMC   (in testing)                                                   
Maintenance Information Management Control  

System linking health monitor data to plant 

work management. 

High Capacity Factors 

And Long-Life 



Heavy Water Reactor technology today (3) 

 

• Needs for CANDU Innovation: 

• Harmonized safety assessment 

• Develop standard, globally accepted safety case 

• On-line maintenance and inspection 

• Reduce inspection burden during outages 

• On-line fuel channel and piping inspection 

• Effective Innovation Processes 

• Improve time to market 

• Upfront agreements on demonstration requirements 

• Ensure design features fully defined before project start 

20/02/2015 



Improving capabilities in Fuel Channel Inspection 

• Candu  uses a variety of remotely 

controlled inspection systems to examine 

and maintain fuel channel components 

 

• Tooling information systems are geared 

to rapid application of computer models 

and condition analysis tools 

 

• Tooling is designed for speedy 

deployment during standard  outages 

 

• Next step – on-line inspection and 

maintenance 
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Primary Inspection Head 

AFCIS Inspection 
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Heavy Water Reactor innovations and future potential 

 

• Outcomes and needed innovations 

• Public acceptance – “no evacuation needed” 

• Expand use of passive features 

• Respond to public acceptance priorities 

• Faster project completion 

• Supply chain innovations 

• Pre-licensing and speedier commissioning 

• Closed fuel cycle 

• Simplify fuel fabrication requirements 

• Make full use of low enrichment requirement  

• Minimize fuel waste 

• DUPIC ? Thorium or inert matrix fuels ? 

• More flexible operation 

• Load and power cycling demonstration 

 

 

20/02/2015 
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SMALL AND MEDIUM REACTORS PROSPECTS 

2 

Small and medium reactors have a significant 

potential for developing new and economically 

promising market segments for nuclear power 

Small reactors Medium reactors 

In the remote or isolated 

regions where the 

hydrocarbon fuel delivery cost 

is very high, electricity grids 

are either absent or 

underdeveloped 

In the regions where big 

capacities are not required, 

consumers are setting  

demands for reliable 

electricity supply systems; 

cost of gas, fuel oil and 

coal are dominating in the 

regional budgets  

Classification of SMRs 

Classification Notes  
1 By electric power  of 

single power unit (IAEA 

classification)  

Small reactors –  up to 300 MWe 

Medium reactors – between 300 and 700 MWe  

2 By energy 

consumption sectors 

For Russia it means: 

Local Sector (1-20MWe)  - isolated from the 

Russian energy system and other energy 

sources; consists of one source and one or 

several consumers 

Territorial Sector (20-100MWe)  - centralized; 

isolated from the Russian energy system; 

consists of  several sources and consumers 

Regional Sector (100-700MWe)  - centralized; 

consists of balanced sources and consumers; 

connected to the Russian energy system 

 IMPLEMENTATION OF SMRs MATCHES THE DEVELOPMENT STRATEGY OF THE ARCTIC AREA 

 IMPLEMENTATION OF SMRs IS A PROMISING AREA WITH ITS OWN MARKET NICHE 



SMALL MODULAR REACTORS COMPETITIVE CONDITIONS 

3 3 

3 
Yakutia average power rate is ≈ 17 RUR/kW·h (min 12.52) RUB/kW·h, max 28.53) RUR/kW·h) 

Competitive zone 

Potential SMR zone 

Coastal 

regions 

Inner regions 

 ________________________________________________________________ 

1) FEDERAL TARIF SERVICE (FTC, RUSSIA). Order. On maximum tariff level for electric power for 2014, No. 185-e/1 dated October 11, 2013. 
2) Decree on fixing of tariffs for electric power supplied by JSC “Sakhaenergo” in 2013 Nos. 211 and 212 dated December 20, 2012, Yakutsk (for Chersky and 
Zeleny Mys settlements and Ugolnoe village, Verkhnekolymsky ulus)  
3) Decree on fixing of tariffs for electric power produced by JSC “Sakhaenergo” in 2013, No. 204 dated December 18, 2012 Yakutsk (all over Yakutia) 
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OKBM SMR DEVELOPMENT ENGINEERING BASIS 

4 

OKBM Afrikantov SMR development 
engineering basis 

Experience in reactor plants design and 
procurement  for floating nuclear power 

unit 

Wide experience in development and 
operation of  nuclear propulsion plants for 

icebreakers 

Wide experience in naval nuclear 
propulsion plants development and 

operation 

Number of RPs – 20 (including 8 operating 
nuclear icebreakers) 
More than 50 years of 3 nuclear icebreakers 
generations in Arctic  
Operating experience > 365 reactor-years 

Experience in design, licensing and 
construction of KLT-40S floating power unit 

We have proven reactor technologies and 
innovative solutions 

Operating experience > 6 500 reactor-years 



OKBM AFRIKANTOV SMALL MODULAR REACTORS 

Thermal power 16-45 MW 

Electric power  4-10  MW 

Integral type reactor with  100 % primary 
circuit natural circulation for stationary 

and floating NPPs 

Thermal power 150 MW 
Electric power 38,5  MW 

Serial modular reactor for nuclear 
icebreakers and freight ships, stationary 

and floating NPPs 

Thermal power 175 MW 
Electric power ~ 50 MW 

Integral type reactor with forced circulation 
for nuclear icebreakers, stationary and 

floating NPPs  

ABV-6M KLT-40S RITM-200M 

5 



SMALL MODULAR REACTORS APPLICATIONS 

AUTONOMOUS POWER SUPPLY FOR 
OFFSHORE OIL PLATFORMS 

 

SUBSEA NUCLEAR POWER UNITS 

FLOATING POWER UNITS TO SUPPLY HEAT 

AND POWER TO THE CONSUMERS IN 

COASTAL  ZONE OF HARD-TO-REACH 

AREAS 

FLOATING NUCLEAR  

DESALINATION COMPLEXES 

GROUND-BASED PLANTS FOR 

AUTONOMOUS POWER SUPPLY 

MODULAR TRANSPORTABLE POWER 
UNITS 
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SMALL MODULAR REACTORS SAFETY PROVISION 

SAFETY CONCEPT: 

Defense-in-depth  

Inherent safety features 

Engineered safety features and procedures including: 

 passive safety systems 

 self-actuating devices 

 proven engineering practices and up-to-date design experience 

INHERENT SAFETY FEATURES: 

Negative reactivity coefficients on fuel and coolant temperature and on steam density and 

integral power  

High thermal conductivity of the fuel composition defining its relatively low temperature 

Natural circulation in the reactor coolant system and EHRS passive channels 

Insertion of control rods into the core under the force of springs (scram rods) or gravity (shim 

rods) in case CRDMs are de-energized 

High thermal capacity of the reactor primary coolant system components and structures 

High mechanical stress margin on the reactor coolant system pressure 

Compact modular and leaktight design excluding long and large diameter RCS pipelines 

7 



PHYSICAL SAFETY BARRIERS 

1 

2 

3 

4 

5 

1 – FUEL COMPOSITION 

2 – FUEL CLADDING 

3 – RCS PRESSURE BOUNDARY 

4 – PLANT CONTAINMENT 

5 – PROTECTIVE ENCLOSURE  

8 



EMERGENCY REACTOR SHUTDOWN SYSTEMS 

9 

 Pressure-actuated electric circuit-

breakers de-energize CRDMs (shutdown the 

reactor) on: 

 High reactor coolant pressure 

 High containment pressure 

 

In case of emergency reactor shutdown system 

failures safety is provided in all modes by : 

 Reactor inherent safety features 

 Usage of frontline safety systems and self-actuating devices 

 Maintaining of primary circuit pressure within elastic region for 

RCS elements 

4 
 

1 Reactor 

2 CRDMs 

3 Soluble absorber injection system 

4 Pressure-actuated electric circuit-breaker 

Soluble absorber 

injection system 

Electro-mechanical 

reactivity control 

system 



PASSIVE SAFETY SYSTEMS: 

Emergency  heat removal system 

10 

  Combined systems with heat transfer to 

water and air with no time limitations  

   Large water supplies in integral type 

reactor 

   High level of natural circulation in RCS  

Hydraulically operated air distributors 
Pneumatically-driven valves in the passive EHRS channels are opened on 

primary circuit overpressure 

Emergency heat removal tank 

Emergency heat exchanger 

Steam 

Steam generator 

Steam to 
atmosphere 

Core 

Steam 

Water Water 

Steam to 
atmosphere 

Air cooled emergency 
 heat exchanger 



PASSIVE SAFETY SYSTEMS: 

Emergency  containment pressure reduction system 
 

 The safety function is 

to protect the safety 

barrier (plant 

containment) 

 In case of LOCA safety 

features provide that the 

core will be covered by 

the coolant  

 Safety systems provide  

continuous emergency 

cooling of the core on 

account of containment 

designed for high inner 

pressure and heat 

removal by passive 

EHRS 

11 



SAFETY ASSESSMENT 

12 

 

 

     

The inner surface of the 

reactor vessel doesn’t melt 

Heat is reliably removed from 

the outer surface of the 

reactor vessel bottom 

Mechanical properties of the 

reactor vessel material are 

preserved at the level that is 

sufficient to ensure the load 

bearing capacity 

RADIATION SAFETY 

CHARACTERISTIC VALUE 

1. Buffer zone size Coincides with NPP site 

boundary 

2. Emergency planning 

zone radius 

  <1 кm 

3. Emergency  planning 

zone for mandatory 

population evacuation 

  no zone                            

1 km 

EMERGENCY 

PLANNING ZONE BUFFER ZONE 

Scope of PSA Core damage 
frequency 

(1/reactor·year) 
 

Internal initiating 
events for full power 

<10-7 

Low power and 
shutdown modes 

~3· 10-9 

PSA LEVEL 1 RESULTS SEVERE ACCIDENT  

ANALYSIS 

Probabilistic safety analysis 

level 1 results indicated that  

KLT-40S floating power unit  

design is well-balanced and its 

 safety level meets Russian 

 regulatory requirements and 

 IAEA recommendations for  

 existing and future power plants 
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 The SNETP R&D 

▌ The SNETP [Sustainable Nuclear Energy Technology 

Platform] supports R&D programs within the E.U. (and 

abroad) for current (GEN II / GEN III) and future (GEN III + / 

GEN IV) reactors.  

▌ Implementation is judged very important by SNETP: 

attention is to be devoted on how the research outcomes 

profit to the design and operation         transfer to 

industrial practice. 

▌ After Fukushima events, the SNETP asked for a complete 

revision of R&D Roadmap published in the SRA 2009 - 

Strategic Reserch Agenda - to check whether 

implementation of new topics and / or reorientations were 

necessary. A Task Group was settled, chaired by by Jozeph 

Mizak from NRI Rez. 
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 The SNETP R&D  

 

▌ Not only technical issues, but also organizational and 

societal ones were addressed.  

▌ The Report Identification of Research Areas in 

    Response to the Fukushima Accident was published. 

▌ The Report identifies 13 Research Topics gathering 

relevant issues within homogenous fields of endeavour 

▌ No fully new areas for research were identified, but 

several topics in the SRA 2009 appeared to be worthy for 

higher R&D priority           SRIA 2013 (Strategic Research 

and Innovation Agenda) issued February 2013 

 

 

     

 



Identification of Research 

Areas in Response to the 

Fukushima Accident 
Report Of the SNETP Fukushima 

Task Group  

SNETP January 2013 

SNETP Reports 

The SNETP SRIA 2013 

Strategic Research &Innovation 

Agenda  

 

SNETP, May 2013 
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 NUGENIA Association  

 

▌ The NUGENIA Association was born in the aim at federating 

all R&D efforts within E.U. in the field of the GEN II / GEN 

III reactors, gathering pre-existing Working Groups, 

Networks of Excellence, Associations and Initiatives, such 

as : 

▌ - The SNETP GEN II / GEN III WG 

▌ - SARNET 

▌ - NULIFE 

▌ - Later on ENIC 

▌ …. 



  

NUGENIA within SNETP 

NC2I 
Nuclear Cogeneration 

Industrial Initiative 

 

ESNII 
European Sustainable 

Nuclear Industrial 

Initiative 

Mandate 



NUGENIA in short  
 International non-profit 

Association of Belgian law 

founded in November 2011 and 

officially launched in Brussels, 

March 2012 

 R&D on fission technology, 

mainly GEN II-III 

 Redaction of Roadmaps 

 Contribution to SNETP SRIA 

 Elaboration of R&D projects 

(Portfolio, Platform Innovation) 

 Annual GA and Forum  

 Strong support to 

harmonization of practices, 

codes and standards 

 Dissemination of knowledge 
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1  Safety and Risk of NPPs 

2  Severe Accidents 

3  Core and Reactor Operation  

4   Integrity Assessment of Systems, Structure and Components 

5  Fuel Development, Waste and Spent Fuel Management and 

Decommissioning  

6  Innovative LWR Design and Technology 

7  Harmonisation 

8  In-service Inspection and NDE (ENIQ) 

NUGENIA : 8 Topic Area for R&D 



NUGENIA’s identified R&D High Level Objectives 

▌ Safety in operation & by design:  

 Identifying preventive and protective measures against all sources of 

external or internal events  

 Identifying the way to efficiently and effectively implement them in 

current and future reactors. 

▌ High reliability and optimized functionality of systems: 

 Ensuring safe and secure operation of systems in Gen II and III NPPs 

through  

 High reliability and optimized functionality  

 Unified European wide guidance for nuclear energy stakeholders. 

▌ High reliability of components: 

 Ensuring the safe operation of components in Gen II and III NPPs through 

 high reliability by technological development in the fabrication 

process  

 reliable maintenance and affordable inspectability 



 

▌ Modelling: 

 Increasing the reliability and predictability of the advanced simulation 

codes through coupling of different physical processes 

 Providing with an extended validation for design needs and safety-

assessment relying on existing data base from mock-up experiments and 

operation feedback 

▌ Public awareness: 

 Addressing the rationale behind nuclear energy acceptance / resistance 

and public resistance, taking into account the differences in energy 

policies and in public awareness among different European countries.  

 



▌ Integration of NPPs in the energy mix:  

 Ensuring flexible LWRs operation with large load cycle for using mix 

energy sources in the most efficient way.  

 Improving NPP manoeuvrability and plant life time management (e.g 

usage factor for material, component ageing, fuel cycle, water chemistry 

practices, I&C…cost economics) to cope with increased grid instability 

engendered by renewable energy. 

▌ Technology obsolescence: 

 Identifying key components or systems obsolescence impact on NPP 

safety and availability. 

 Developing obsolescence mitigation procedures and recommendations  

▌ Performance and ageing of NPPs for long term operation: 

 To obtain enhanced understanding of the ageing degradation mechanisms 

and make available approaches and tools for effective monitoring and 

mitigation to guarantee that the ageing effects are properly managed or 

analysed (e.g. by time limiting ageing analysis (TLAA)).   

 

  



- Prime-level Topics selected to propose ideas and 
develop collaborative R&D programs  

   
 

- Development and assessment of the IVR – In-Vessel Retention 

– technology - 

 

- Comprehensive and cross-cutting approach on the ARF – 

Accident Resistant Fuel – 

 

- Comprehensive and cross-cutting approach of SMR – Small 

Modular Reactors – design and safety 

 

- Development and assessment of Passive Safety 

 

- Technology and performance of measurement devices in 

degraded operation and extreme conditions… 

 

- Non-destructive testing for components and systems 

 

- Pre-normative research and harmonization of practices. 
 

   



Two Roadmaps:  
  
- NUGENIA Roadmap – Challenges and Priorities - 2013,  a 

summary document ( 60 pages) 
- April 2012: Decision of launching  
- Mai 2012:  Setting-up of the Editorial Board 
- July 2012:  Editing (Objectives, Challenges, R&D Topics) for 

consultation  
- From September 2012: Contribution to SNETP SRIA 

- January  2013 : Publication of the SNETP report on 
Fukushima R&D Priorities 

- February 2013:   Publication of the SNETP SRIA 
- October 2013: Publication and presentation at FISA 

Conference in Vilnius 
 

- NUGENIA Roadmap Working Document,  
- A detailed working document ( 400 pages) 
- Launched first, (2012) then put on stand-by to 

implement the NUGENIA Roadmap – Challenges and 
Priorities – 2013 

- Coordinated by G. Bruna, NUGENIA’s current Technical 
Coordinator  

- Under publication : issuance scheduled by March 2015 
- To be presented at the 4th NUGENIA Forum, April 2015 

 

NUGENIA’s Roadmaps 



NUGENIA Roadmap 2013 

The  

 

NUGENIA 

Roadmap 

- Challenges & 

Priorities - 2013 

 
October 2013 
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Status of NEA Nuclear Science 

activities related to accident 

tolerant fuels  

Jim Gulliford, Head of Nuclear Science 

OECD-NEA 
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Outline 

• OECD-NEA Nuclear Science & Data Bank 

• Activities related to innovative fuels and fuels performance 

 

• Nuclear Science Activity on ATF for LWRs (EGATFL) 

• Response to Fukushima 

• Nuclear Science Workshops on ATF 

• Initiation of Programme of Work under New Expert Group 
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As of 18 September 2012 

NEA Committees 

Nuclear 

Science 

Committee 

Nuclear 

Science 

Committee 

NSC 
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Nuclear Science-Data Bank Products & Services 

NSC 

Nuclear 

Science 

Committee 
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© 2013 Organisation for Economic Co-operation and Development 
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Nuclear Science 
Publications 

 
 
 
 
 
 
 



© 2013 Organisation for Economic Co-operation and Development 

7 



© 2013 Organisation for Economic Co-operation and Development 
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Expert Group on 

Accident Tolerant Fuels 

for LWRs 
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Background to Formation of New NEA EGATFL 

• June 2011 Ministerial Meetings, International Fukushima Forum 

• June 2011 Nuclear Science Meeting – NSFF e-forum 

• November 2011 Nuclear Science Bureau 

– Discussion threads from NSFF reviewed 

– Fukushima identified as topic of in-depth discussion at 2012 NSC meeting 

• June 2012 Nuclear Science Meeting 

– Proposal for ATF Workshop received from the Working Party on Scientific 

Issues of the Fuel Cycle (K. Pasamehmetoglu, K. McCarthy) 

• 10-12 December 2012: 1st OECD-NEA Workshop on  

Increased Accident Tolerance of Fuels for LWRs 

• 28-29 October 2013: 2nd OECD-NEA Workshop on  

Increased Accident Tolerance of Fuels for LWRs 

• 28-29 April 2014: Start-up meeting of EGATFL 

• 23-25 September 2014: 2nd EGATFL meeting 
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High temperature 

during loss of 

active cooling 

Slower Hydrogen Generation Rate 

- Hydrogen bubble 

- Hydrogen explosion 

- Hydrogen embrittlement of the clad 

Improved Cladding Properties  

- Clad fracture 

- Geometric stability  

- Thermal shock resistance 

- Melting of the cladding 

Improved Fuel Properties  

- Lower operating temperatures 

- Clad internal oxidation 

- Fuel relocation / dispersion 

- Fuel melting  

Enhanced Retention of Fission Products 

-Gaseous FPs, Solid/liquid FPs 

Improved Reaction Kinetics with 

Steam 

- Heat of oxidation 

- Oxidation rate 

Fuels with enhanced accident tolerance are those that, in comparison with the 

standard UO2 – Zircaloy system, can tolerate loss of active cooling in the core for 

a considerably longer time period (depending on the LWR system and accident 

scenario) while maintaining or improving the fuel performance during normal 

operations. 

From K. Pasamehmetoglu (INL), Summary of the US National Workshop, OECD-NEA Workshop on ATF, Dec. 2012 

Definition of Accident Tolerant Fuels 
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• Data and characteristics of candidate materials, including: 

– Advanced claddings: coated Zr-based alloys, SiC/SiC ceramic composites, 

advanced steels, refractory metals (e.g. molybdenum), etc.; 

– Advanced Fuels: doped UO2 for enhanced thermo-mechanical properties, 

high density fuels such as U-silicide and U-nitride, dispersion fuels with 

coated particles, etc.; 

– Non-fuel core components such as fuel channels, control rods and blades, 

and fuel assembly hardware; 

• Issues related to the modelling of the advanced materials (fuel/cladding 

behaviour in normal and transient conditions, including DBA and BDBA, etc.); 

• A review of the needs related to an experimental validation of the most 

promising materials: available facilities, opportunities of joint experiments 

(including out-of-pile and in-pile experiments), identification of gaps, etc. 

• The establishment of appropriate metrics to help prioritise between the ATF 

candidates; 

• The definition and evaluation of reference scenarios to evaluate the 

effectiveness of  ATF candidates. 

Key Elements of PoW for New NEA Expert Group 
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EGATFL Structure 
Chair: 

K. Pasamehmetoglu 

(INL) 

Chair: 

S. Bragg-Sitton (INL) 
Chair: 

M. Kurata (JAEA) 

Chair: 

M. Moatti (EDF) 
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ATF candidates: Cladding 

From S. Bragg-Sitton (INL), OECD-NEA Start-up Meeting of EGATFL, Apr. 2013 
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ATF candidates: Fuel 

From S. Bragg-Sitton (INL), OECD-NEA Start-up Meeting of EGATFL, Apr. 2013 
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Examples of Timelines for ATF development 
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EGATFL: 30 organisations from 13 member countries + PRC 

International org. IAEAP.R. of China CGN

Country Organisation Country Organisation

Belgium SCK-CEN

P.R. of China CGN

Czech Rep. ALVEL

CEA

IRSN

CRIEPI

JAEA

Kyoto University

Muroran Inst. Techn.

NFD

Toshiba

Japan

EDF

Germany KIT

France

AREVA

Rep. of Korea KAERI

Norway OECD-Halden

Kurchatov Institute

NITI

Switzerland PSI

Sweden Westinghouse

AREVA

GE

INL

Univ. Illinois

Univ. Florida

MIT

ORNL

UK NNL

USA

EPRI

Russian Federation
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• Next EGATF Meeting will be 3-5 March 2015 at NEA 

Offices 

 

 

 

 

 

• Thank you for your attention…. 
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Advanced Fuel and Fuel Cycles S&T

Rosaura Ham-Su, Fuel Development
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Outline
Advanced Fuel and Fuel Cycles 

•Canadian Nuclear Laboratories  

•Fuel S&T Drivers

•Advanced Fuel and Fuel Cycles S&T

•Summary
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CNL

Four sites:
Chalk River
Whiteshell
Ottawa
Port Hope

UNRESTRICTED
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S&T Facilities
Hot CellsFuel Fabrication Surface ScienceThermalhydraulics

ZED-2NRU BRF
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Fuel S&T
nuclear fuel S&T, including fuel cycles, 
fabrication, testing, and post irradiation 

examination

UNRESTRICTED
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Advanced Fuel and Fuel Cycles
Advanced Fuel and Fuel Cycles 
are aimed at sustainability 
for both, power reactors and 
research reactors

Power reactors: Gen III and 
Gen IV, small reactors

Reference fuel for SCWR 
Thoria/13% Plutonia

CNL OFFICIAL USE ONLY
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Sustainability

•Expand limits of resources
•Reduce, reuse, recycle
•Alternative fuels cycles (thoria)

•Increase safety and reliability
•Decrease environmental impact

•Reduce waste
•Manage spent fuel cycle

•Develop proliferation-resistant fuel and fuel cycles

UNRESTRICTED
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Areas of Interest
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Advanced Nuclear Fuel and Fuel Cycles

Core optimization

B.P. Bromley and B. Hyland, 
Nuclear Technology, Vol. 
186,  pp. 317‐339, 2014.

(LEU or RgPu)ThO2

ThO2

•“seed” and “blanket” fuel bundles can be used to breed U‐233
•concepts yield fissile utilization competitive with natural uranium

•cores can be optimized for either power or U‐233 production
•all concepts can be implemented in the same, conventional HWR core

UNRESTRICTED



-10-

Fuel Fabrication

Metallic fuel

Proliferation resistant,
Recyclable fuel
For Research Reactors
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Fuel Fabrication

Ceramic fuel
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Fuel Fabrication

Weld 
Controller Load 

Sensor

Electrode

Sample in 
holder

Development of joining 
techniques
High precision machining
Welding and brazing

High frequency welding
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Fuel Characterization
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EBSD

Twin boundary and 
possible blunted 
transgranular crack at 
the twin boundaries
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EBSD band contrast map

Pole figure Region 1
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Glove box facilities

Actinides
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Fuel Cycles
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Fuel Cycles
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Testing and Post Irradiation 
Examination

Fuel testing 
Evaluation of fuel performance
Failure investigations

UNRESTRICTED
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Testing and Post Irradiation Examination

• PWR fuel with 670 MWh/kgU 
• 0.8 wt.% U‐235 in U; 0.9 
wt.% Pu in HE

• Tested to additional burnup 
of 517 MWh/kgHE (NRU)
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ICAF

Comparison of fuel temperatures versus power 
rating for ICAF and solid rod fuel
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Advanced Fuel and Fuel Cycles
What is next

Support Candu
Thoria Roadmap
Small Reactors
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Summary
Advanced Fuel and Fuel Cycles

CNL
Fuel S&T driver: sustainability
Areas of interest

rosaura.ham-su@cnl.ca
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OECD/NEA 

WORKSHOP ON INNOVATIONS IN 

WATER-COOLED REACTOR 

TECHNOLOGIES 

 

SESSION II-2 

RESEARCH ORGANISATION PERSPECTIVES 

- 

Main results and lessons of the 10 years 

innovation research program dedicated to LWR 

 
Caroline THEVENOT, Guy-Marie GAUTIER, Philippe MARSAULT 

& Jean-François PIGNATEL 

Document propriété du CEA – Reproduction et diffusion externes au 

CEA soumises à l’autorisation de l’émetteur 

11-12 FEBRUARY 2015 



OVERALL CONTEXT 

Global picture 
 

Nuclear Power Plant connected to the grids: 

Mainly LWR: 211 PWR & 76 BWR in OECD countries + 53 VVER* 

Global distribution: North America (102 LWR out of 121 NPP), West Europe (118 

LWR out of 133 NPP), Asia (67 LWR out of 71 NPP) 

France: 1 manufacturer, 1 utility, exclusively PWR (58) + EPR under construction 

|  PAGE 2 

Increasing nuclear power capacity with over 60 reactors under construction in 13 countries  

Plant life extension program + future renewed nuclear reactor fleet notably in U.S or in France 

(coordinated with GEN IV technologies deployment) taking into account constraints in terms of safety 

requirement, investment cost, construction time, manufacturing capacities, etc. 

New realities in the energy global market and evolving political context:  

Global level: rising global demand for energy, competitiveness (energy cost), financial crisis, 

Fukushima, security of supply issues, public acceptance 

EU level: EC Energy Roadmap 2050, 2030 Framework for Climate & Energy 

National levels: e.g. France “Loi sur la transition énergétique” 

 

 
Research and Innovation for cost competitive, high performance, safe and clean 

technologies 

OECD/NEA - Workshop on Innovations in water-cooled reactor technologies – 11&12/02/2015 

Session II-2 - Research organisation perspectives 



RESEARCH AND INNOVATION IN LWR 

Research perspective 
 

Objective of the session: Discussion on long term developments that could lead to innovations 

for future advanced water-cooled reactors and their fuel cycle 
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breakthrough vs incremental part of 

a seamless innovation chain 
Innovation in 

LWR 

Technological breakthrough may bring 

significant economic/safety benefits by 

reconsidering parts of (or all) the components of a 

reactor concept 

For LWR, significant progress might be expected:  

e.g. innovative temperature-resistant metal fuel or 

ceramic cladding, a new tight-lattice fuel assembly 

to optimise uranium resources, modification of the 

operating point for reactor design simplifications 
Threshold effects and breakthrough 

OECD/NEA - Workshop on Innovations in water-cooled reactor technologies – 11&12/02/2015 

Session II-2 - Research organisation perspectives 



RESEARCH AND INNOVATION IN LWR 

Illustration with the past CEA Programmes 
 

CEA Innovation Programme: > 10 years of Research and Innovation programs to develop 

innovative solutions for existing and future LWRs 

Overall objectives: Cost reduction, increased safety, high performance core & fuel 

Various technical fields covered: 

Core and fuel: high conversion PWR, innovative fuel (e.g. composite CERCER/CERMET, 

annular fuel pellet), innovative cladding (e.g. coating, SiC/SiC, burnable poisons), etc. 

Materials: new alloys for vessel internal structure, coating (e.g. valve, control rod ratchet 

mechanism), component manufacturing based on densification of metal power, etc. 

Innovative systems: passive safety systems (e.g. Secondary Condensing System), severe 

accident management facilities (e.g. innovative containment, core catcher) and other 

innovative safety systems (e.g. steam injector) 

Reactor design: simplification (e.g. boron-free PWR, low pressure PWR), breakthrough 

(e.g. SCOR) etc. 

Technical economical studies: qualitative comparison between concepts and systems 

Supported by methodologies, tools/code development and experimental programs 
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OECD/NEA - Workshop on Innovations in water-cooled reactor technologies – 11&12/02/2015 

Session II-2 - Research organisation perspectives 



Steam Injector:   

- Replace/complement safety pump injection (passive system) 

- Possible applications into the primary or secondary with steam 

sources coming from pressurizer, steam generator  

- Example: provide the steam generator with water when the 

normal supply fails 

|  PAGE 5 

Examples – Innovative safety systems 

OECD/NEA - Workshop on Innovations in water-cooled reactor technologies – 11&12/02/2015 

Session II-2 - Research organisation perspectives 

Rational 

Many systems for various functions (e.g. reactivity control, residual power removal, corium 

recovery system) usually complex and/or expensive  

  technological breakthrough to bring economic/safety benefits  

 
piscine de 

condensation

GV PR

PP

RESEARCH AND INNOVATION IN LWR 

Examples 

Secondary Condensing System:  

- Passive residual heat removal system in natural circulation connected 

to the steam generator 

- Promising results notably in terms of safety improvement (e.g. steam 

generator tube rupture) 

Steam Injector concept 

SCS concept 



Examples – Innovative reactor design (1/2) 
 

Rational: simplification of standard PWR design (Ref. 900 MWe French PWR) 

Examples: 

Soluble boron-free PWR 

- simplification of plant operation/management (deboration) and improved safety (reactivity 

accident through heterogeneous boron dilution ) + regulation / legislation and acceptability aspects 

- feasibility studies of the reactivity control only through control rods and burnable poisons while 

maintaining performances and safety criteria – different levels of boron removal 

- encouraging results: with an adequate assembly design, core reactivity adjusted with burnable 

poisons + an optimised control rod system for core shutdown 

- to be considered: residual penalties of the burnable poison + redundancy of control means + 

complex load following 
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RESEARCH AND INNOVATION IN LWR 

Low pressure PWR 

- cost reduction for components (e.g. vessel, steam generator), 

possible high burn up  and safety systems simplification  

- study of an adequate operating point by reducing the pressure  

- complete file covering: core (neutronic and thermal hydraulic),  

fuel, thermal hydraulic systems, technical economic evaluation 
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Parametric study on LP-PWR 

OECD/NEA - Workshop on Innovations in water-cooled reactor technologies – 11&12/02/2015 

Session II-2 - Research organisation perspectives 



RESEARCH AND INNOVATION IN LWR 

Examples – Innovative reactor design (2/2) 
 

 

Rational: Propose new conceptual designs integrating several innovative systems to analyse the 

performance of theses systems and evaluate their interactions and the overall coherence 

SCOR compacité 

C
o

s
t/
k
W

.h
 

Reactor power 

600 MWe  

In vessel corium retention 

300 MWe 

Integrated concept 

50 à 100 MWe 

Primary fluid circulation 

using natural convection 

Threshold effects and breakthrough 

Example: SCOR - Simple COmpact Reactor 

Evolving basis to evaluate innovative systems, new 

core design or new strategy 

First version: 600 MWe (threshold effects) 

Then: variation until 1000 MWe (to evaluate 

the feasibility & possible economic benefits) 

Lately: SMR Version 200 / 150 MWe 

 

SCOR in its containment building   

|  PAGE 7 
OECD/NEA - Workshop on Innovations in water-cooled reactor technologies – 11&12/02/2015 

Session II-2 - Research organisation perspectives 
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Innovative 

Safety 

systems 

5 

Integrated 

passive residual 

heat removal 

systems  

High Ø vessel 

  

Large  

annular space 

2000 MWth 

SG  

Vessel 

manufacturing 

Low 

Pressure 

PWR 

P ~  88 bar 

Threshold effects 

2000 MWth 

SG 

manufacturing? 

Soluble boron-

free PWR 

Soluble bore-

free 

 
Low core power 

density 

Integrated 

pumps 

Submerged 

coil-type 

motor 

Low power 

High Ø vessel 

  

IVR 

2000 MWth 

SG as the 

reactor vessel 

head 

Integrated concept 

SG - Reactor  

vessel head 

RESEARCH AND INNOVATION IN LWR 

  SCOR 

Steam 

Generator 

2000 MWth 



CONCLUSION 
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Lessons learned from this significant innovation program (> 10 years) 

Many attractive innovative solutions studied 

But lack of industrial applications 

  need for a reinforced industrial involvement (from the very beginning of the studies 

to define specifications)  

 

Innovation depends on the political context and industrial priorities, such as: 

Economics? e.g. Nuclear vs Shale gas, RES 

Safety? Increased safety demand: e.g. post Fukushima, LTO extension 

Energy mix? e.g. system integration, reactor flexibility, cogeneration 

Optimisation of uranium resources? e.g. Gen III and Gen IV strategies 

 

OECD/NEA - Workshop on Innovations in water-cooled reactor technologies – 11&12/02/2015 

Session II-2 - Research organisation perspectives 

THANK YOU FOR YOUR ATTENTION 



Offshore Floating 

Nuclear Power 

Plant (OFNP)

J. Buongiorno, M. Golay, N. Todreas, E. Adams, A. 

Briccetti, J. Jurewicz, V. Kindfuller, G. Srinivasan, M. 

Strother, P. Minelli, E. Fasil, J. Zhang, G. Genzman



Take-away message

The offshore floating 

nuclear power plant 

(OFNP) concept will make 

nuclear energy: 

More affordable

Safer

Easier to scale and 

deploy



Key challenges
Reduce capital cost  simpler 

reactor designs; max modularity; 

centralized construction; min at-site 

construction and decommissioning

Improve public confidence in 

safety (post-Fukushima) and 

security (post 9/11)  no loss of 

heat sink (to minimize likelihood of 

severe accidents); no loss of land, 

should severe accidents occur; 

robustness with respect to terrorist 

attacks



>40% of the World’s population lives within 
60 miles of the ocean and sea coasts + 

coastal land is expensive real estate

http://all-that-is-interesting.com/map-population-density

Find suitable sites  Nuclear plants should be 

near the coast, but not necessarily on the coast

Key challenges (2)

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=bZl7rkPkDOJYMM&tbnid=UYTkQBq1HiqwWM:&ved=0CAUQjRw&url=http://all-that-is-interesting.com/map-population-density&ei=U2X2Ue-bIO364APcgIGwAw&bvm=bv.49784469,d.dmg&psig=AFQjCNGB8XEIXK3XSi5iYgwqIJvHRHKDmA&ust=1375188520057674
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=bZl7rkPkDOJYMM&tbnid=UYTkQBq1HiqwWM:&ved=0CAUQjRw&url=http://all-that-is-interesting.com/map-population-density&ei=U2X2Ue-bIO364APcgIGwAw&bvm=bv.49784469,d.dmg&psig=AFQjCNGB8XEIXK3XSi5iYgwqIJvHRHKDmA&ust=1375188520057674


The offshore floating nuclear power 
plant combines two mature and 

successful technologies

Nuclear 
reactor

+ =

Floating rig OFNP

… and resolves the key challenges



The Offshore Floating Nuclear 

Power Plant Concept

Built in a shipyard and transported to the site: 

reduced construction cost and time (target is 

<36 months); enhanced quality



The Offshore Floating Nuclear 

Power Plant  Concept (2)

Moored 5-12 miles offshore, in relatively deep water 

(100 m): no earthquake and tsunami concerns

Nuclear island underwater: ocean heat sink ensures 

indefinite passive decay heat removal

Quick and cost-effective 

decommissioning in a 

centralized shipyard 

(U.S. sub and carrier 

model): return to “green 

field” conditions 

immediately



The Offshore Floating Nuclear 

Power Plant  Concept (3)
Connected to the grid via AC 

transmission line: only 

structure on land is the 

electric switchyard (land 

usage is reduced to 

essentially zero)

Water intake from colder lower layer + discharge at 

ambient temperature: thermal pollution can be 

eliminated 

Mobile power plant: more flexibility for customer 

(‘plug and play’)



Design – Platform • Spar-type floating platform

• Simple, stable and cost-effective design

Natural period must be < tsunami wave period (plant rides tsunami) and 

> peak storm wave period (minimized oscillations in storms)

OFNP-300 

(300 MWe)

OFNP-1100 

(1100 MWe)

Draft / Height: 66 / 106 m

Diameter: 75 m

Displacement: 368,000 ton

Natural heave/pitch period: 22/36 sec

Draft / Height : 49 / 73 m

Diameter: 45 m

Displacement: 72,000 ton

Natural heave/pitch period: 21/23 sec



- Flexible refueling (12-48 months); spent fuel stored in pool designed 

for up to plant lifetime, with passive decay heat removal system

- Includes desalination units + condensate storage tank for water 

makeup

Design – Platform (2)
- All safety-critical 

components are in water-

tight underdeck 

compartments

- High deck enhances security

- Minor maintenance at sea; 

major infrequent (~10 years) 

maintenance in centralized 

shipyard

- Operate in monthly or semi-

monthly shifts with onboard 

living quarters (oil/gas 

offshore platform model)



Designed for Superior Safety
Elimination of earthquakes and tsunamis as 

accident precursors 

Passive safety systems with infinite coping time

Superior defense in depth (EPZ at sea)
Fuel 

cladding

Reactor 

coolant 

system
Containment

Traditional LWR

Platform 

double hull

Distance to 

shore

+

OFNP



Economic Potential

Traditional plants: build large reactor at the site; some 

modularity used to accelerate schedule, not reduce 

fabrication costs (AP1000)

Small Modular Reactors (SMRs): build many small 

reactors in a factory; requires expensive dedicated 

factories to build the modules

New OFNP cost paradigm combines:

 Economy of scale: high power rating possible (OFNP-1100)

 Economy of modules: built in series in existing shipyards

 Lower construction cost: elimination of excavation work, 

structural concrete, temp facilities and associated labor

Potential game changer

W

C
LCOE

plant

Nuclear 



OFNP-300

(300 MWe)

OFNP-1100

(1100 MWe)
Wind turbine 

(6 MWe)

Economic Potential (2)

Better economy of scale than any other offshore power plant

NG floating plant

(700 MWe)

Tidal

(1 MWe)

Reactor on barge

(100 MWe)

FlexBlue (160 MWe)



Plant Construction and Deployment

Sevan 1000 FPSO 

• 112 m tall

• 90 m diameter

• 30.5 m draft

• 210,000 tonnes

• Crew 120

Robust global supply chain 

exists for floating platforms 

and Light Water Reactors

Westinghouse 

AP1000:

• 8 units under 

construction in 

US and China



Built vertically on skid, moved to transport ship, 

and lowered into water

Plant Construction and Deployment (2)



Top-tier siting requirements: 

Favorable topography, i.e., 

relatively deep water (100 m) 

within territorial waters (<20 

nautical miles)

Unavailability or high cost of 

other modes of energy 

generation

Market Potential



Desirable siting features: 

Low frequency and 

intensity of storms

Low disturbance to 

shipping traffic and 

marine life

Proximity to load centres

Unavailability or high 

cost of coastal land

Low visual impact to 

scenic setting

Market Potential (2)



EAST AND SOUTH-EAST ASIA (high seismicity and tsunami risk, high 

coastal population density, and limited domestic energy resources)

Japan, Indonesia (oil/gas better exported), South Korea, Vietnam, Malaysia, 

Philippines, China, India ...

MIDDLE EAST (massive water desalination plants, oil/gas better exported):

Saudi Arabia, Qatar, Kuwait, UAE, Bahrain, ...

AFRICA AND SOUTH AMERICA (small grids, high prices of electricity, 

water desalination, no incentives to develop large domestic nuclear 

infrastructure)

Algeria, Egypt, Nigeria, Tanzania, South Africa, Chile, Argentina, ...

OTHERS (Europe, large mining operations, small island countries, military 

bases) 

U.K., Turkey, France, Spain, Australia, Alaska, Micronesia, large offshore 

oil/gas operations anywhere, DOD bases, ...

Market Potential (3)



Acknowledgements: MIT Research Support Committee, 

E. Ingersoll and A. Finan (Clean Air Task Force)

Collaborators

Advisory Board:

G. Apostolakis (ret. NRC) 

J. Lyons (IAEA)

J. P. Benque (ret. EDF)

C. van Hooijdonk (Homar BV)

MIT Team



Project Structure

Next steps:

Create consortium

Find investors and prospective customer(s)

Phase
Project 

Integrator
MIT

Platform 

Designer

Reactor 

Vendor

Shipyard 

Constructor
Financer

I  Preconceptual Design (year 1) x

II  Conceptual Design (years 2-3) o x * * * *

III  Detailed Design (years 3-4) o * x * * *

IV  Licensing (years 4-6) o * x x * *

V  Construction and Deployment 

(years 7-9)
o * * * x x

Notes:
o  overall leadership, x technical lead organization(s), * 

participant
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CSNI Research on Safety of 

Water-Cooled Reactors 

Andrew White 

Nuclear Safety Division, NEA 

February 2015 
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• Overview of the CSNI 

• Examples of CSNI Output – activities addressing 

Fukushima lessons-learned 

• Conclusions 

Outline 
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• Role:  to be a vehicle for research collaboration and 

communication among national organisations focused on 

maintaining and advancing scientific and technical 

knowledge for the safety of nuclear installations 

• Focus: to provide technical support to member countries 

by means of information exchange, analyses, and 

cooperative research on various technical issues 

• Membership:  Senior nuclear regulators and TSOs from 

27 countries (Non-governmental organizations such as 

utilities also participate). 

Committee on the Safety of Nuclear Installations 
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CSNI Methods of Work 

• Objective:  Address potential safety issues common to 

many or all of the OECD/NEA member countries 

– Work tends to focus on operating reactors, but can 

also support new reactors 

• Working Groups established for broad technical areas 

with ongoing work programmes  

• Task Groups address short-term activities (~3 years) 

• Cooperative research projects share resources on 

experimental or database activities of common interest 
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CSNI Outputs 

• CSNI products are generally one of the following: 

– Technical or collective opinion papers 

– Technical reports, including state-of-the-art reports 

(gaps in research are identified and certain countries 

step forward to lead relevant joint projects) 

– Workshop or seminar proceedings 

– Currently 40 activities are underway in 7 working 

groups  



© 2014 Organisation for Economic Co-operation and Development 

Committee on the Safety of Nuclear Installations (CSNI) 

CSNI Programme Review Group 
(PRG) 

Working Group on Human and 
Organizational Factors (WGHOF) 

Working Group on Fuel Safety 
(WGFS) 

Working Group on Fuel Cycle 
Safety (WGFCS) 

Working Group on External Events 
(WGEV) Working Group on Integrity and 

Ageing of Components and 
Structures (WGIAGE) 

Working Group on Analysis and 
Management of Accidents 

(WGAMA) 

Working Group on Risk Assessment 
(WGRISK) 

Senior Expert Group on Safety 
Research Opportunities Post-

Fukushima (SAREF) 

Task Group on Robustness of 
Electrical Systems of NPPs in Light 
of the Fukushima Daiichi Accident 

(ROBELSYS) 

• Subgroup on the Integrity of Metal 
Components and Structures 

• Subgroup on the Ageing of Concrete 
Structures 

• Subgroup on the Seismic Behaviour of 
Components and Structures 

OECD/NEA joint 
projects in the 
nuclear safety area: 
• ATLAS Project 
• BIP-2 Project 
• BSAF Project 
• Cabri Water Loop 

Project 
• CADAK Project 
• CODAP Project 
• FIRE Project 
• Halden Reactor 

Project 
• HEAF Project 
• HYMERES Project 
• ICDE Project 
• LOFC Project 
• PKL-3 Project 
• PRISME-2 Project 
• SCIP-2 Project 
• STEM Project 
• THAI-2 Project 
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CSNI post Fukushima Activities 
• Following Fukushima, a number of high priority tasks 

were identified and undertaken: 

– Technical Status Report on Filtered Containment Venting 

(WGAMA - Analysis and Management of Accidents): 

• Summary of current practise and technical basis for venting 

– Status Report on Hydrogen Risk Management and Related 

Computer Codes (WGAMA): 

• Summary of technology for mitigating hydrogen and modelling 

hydrogen behaviour 

– Workshop on Natural External Events including Earthquake 

(WGRISK – Risk Assessment): 

• Current experience with using PSA for external events 

– Workshop on the Robustness of Electrical Systems of NPPs in 

Light of the Fukushima Daiichi Accident (Task Group): 

• Best practises for ensuring reliable electrical supply 
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CSNI post Fukushima Activities 

• (cont.) 

– Status Report on Spent Fuel Pool under Loss of Cooling Accident 

Conditions (WGAMA and WGFS – Fuel Safety) 

• Current knowledge base of fuel pool response to threats 

– Metallic Component Margins under High Seismic Loads 

(WGIAGE – Integrity and Ageing of Components and Structures) 

• Assessment of margins for cooling systems in an earthquake 

– Human Performance and Intervention under Extreme Conditions 

(WGHOF – Human and Organisational Factors) 

• Best practises for supporting effective response to severe accidents 

– International benchmarking project of fast-running software tools 

for the estimation of fission product releases during accidents at 

NPPs (WGAMA) 

• Experience with applying tools to other reactor types 
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CSNI post Fukushima Activities 

• Senior Expert Group on Safety Research Opportunities 

Post-Fukushima:   

– Recommend information that should be obtained from 

Fukushima during the decommissioning/dismantlement process 

in order to further the knowledge base among members about 

severe accident progression. 

• Working Group on External Events: 

– Fukushima, along with current PRAs, showed that a large part of 

the risk to a nuclear plant is from natural external events. 

– CSNI had few activities to look at how natural external events 

are handled among the various member countries, where major 

uncertainties remained, and what cooperation work could be 

done to address these uncertainties. 

– Initial focus is on severe weather events with high winds and a 

risk of flooding 
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• The CSNI has a broad programme of work addressing 

knowledge gaps and safety research requirements of 

common interest 

• Primary focus is operating reactors, with improvements 

and safety assessment tools being applicable also to 

new reactors 

• The resulting knowledge base can underpin design of 

improved reactors, and subsequent regulatory review of 

an improvement 

Conclusions 
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