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Objectives

Objectives of this Overview are to:

• Introduce IAEA’s roles in area of nuclear 
power technology development;

• Describe SuperCritical Water-cooled 
Reactor (SCWR) concept briefly;

• Explain IAEA activities on facilitating 
R&D of SCWR; and

• Express Expectations to the Course.
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Mission of IAEA
- Why does IAEA support SCWR R&D? -

• The International Atomic Energy Agency:
– Is an independent intergovernmental, science and 

technology-based organization, in the UN family, that 
serves as the global focal point for nuclear cooperation;

– Assist its Member States, in the content of social and 
economic goals, in planning for and using nuclear 
science and technology for various peaceful purposes, 
including the generation of electricity, and facilitate the
transfer of such technology and knowledge in a 
sustainable manner to developing Member States;

– ……. Mission Statement
of the IAEA
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How does IAEA support 
Member States for NPPs?

• Support near term deployment of NPPs in Member 
States (MSs) for their existing, expanding and new 
programs.

• Ensure information exchange and foster R&D 
collaboration among MSs for technology 
development through:
– Technical Meetings;
– Training Courses; and
– Coordinated Research Projects (CRPs).
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Coordinated Research Project (CRP)
• The CRP:

– Is an international cooperative research project 
established by the IAEA in areas that are of 
common interest to a number of Member States; 
and

– Allows a sharing of efforts on an international 
basis, fosters team-building and benefits from 
the experience and expertise of researchers 
from all participating institutes.

• In the IAEA, 115 CRPs are active and 39 
CRPs planned.
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Technical Features of SCWR

• A Water-Cooled Reactor (WCR) concept that 
uses water pressurized above its critical pressure 
(Pc = 22.1 MPa) as reactor coolant

• Very high coolant temperature
(500 – 625C @core outlet) 

• Simple system

• Flexible design options:

– Pressure vessel type / Pressure tube type 

– Thermal-spectrum / Fast-spectrum cores
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Operation Ranges of Core 
Pressure/Temperature
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Primary System of SCWR 
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• Nuclear System
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Simplest Combination
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Comparison of Major System
between SCWR and LWRs 
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Advantages of SCWR
• Coupling of existing WCR technologies 

extrapolated to higher P/T and supercritical 
fossil-fired power plant technologies

=> Main R&D are on the reactor systems
limiting cost, time and risk

• Low capital cost due to higher thermal 
efficiency & simple systems than 
conventional WCRs

=> Economic competitiveness
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Challenges of SCWR

• Thermal-Hydraulics of supercritical water
� Heat transfer in fuel bundles

� Pressure drop across cores

� Critical flow – blowdown flow rate

• Materials and chemistry under high 
temperature, high pressure, and irradiation 
conditions
� Fuel cladding materials

� Structural materials

� Water chemistry
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CRP on Thermal-Hydraulics of SCWRs
• Proposed to TWG-LWR of the IAEA Nuclear Energy 

Department (TWG: Technical Working Group).

• Jointly endorsed by TWG-LWR and TWG-HWR.

• Started in 2008 as “Heat Transfer Behaviour and Thermo-
hydraulics codes testing for SCWRs”, and to complete at 
the end of this year.

• The CRP Plan was developed with: 
– advice from experts in various organizations conducting 

SCWR research and development; and
– comments from Generation International Forum (GIF) 

SCWR System Steering Committee.

• Conducted officially in connection with the OECD-NEA.
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Objectives of SCWR CRP 

1. Establish a base of accurate data for heat 
transfer, pressure drop, blowdown, 
natural circulation and stability for 
conditions relevant to super-critical fluids.

2. Test analysis methods for SCWR 
thermo-hydraulic behaviour, and identify 
code development needs.
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Organizations involved in SCWR CRP
• OECD-NEA
• Atomic Energy of Canada, Ltd. (Canada)
• University of Ontario Institute of Technology (Canada)
• China Institute for Atomic Energy (China)
• Shanghai Jiao Tong University (China)
• University of Manchester (UK) � Tsinghua University (China) 
• VTT Technical Research Centre (Finland)
• Bhabha Atomic Research Centre (India)
• University of Pisa  (Italy)
• Korea Atomic Energy Research Institute (Rep. of Korea)
• EC/JRC/Institute for Energy, Petten (Netherlands)
• Nuclear Research and Consultancy Group (Netherlands) 
• Gidropress (Russia)
• Institute for Physics and Power Engineering (Russia) 
• University of Wisconsin (USA)
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Integrated Research Plan : 10 Tasks
1. Establishment of database

2. Collecting and sharing 
typical SCWR core design 
parameters

3. Collecting, sharing and 
analyzing existing heat 
transfer data

4. Collecting, sharing and 
analyzing existing 
pressure drop data

5. New experiments on heat 
transfer and pressure drop 
at SC conditions

6. Develop new correlations 
and prediction methods for 
heat transfer and pressure 
drop

7. Study of critical flow during 
blowdown at SC 
conditions

8. Study of instability and 
natural circulation in 
SCWR systems

9. Thermo-hydraulics code 
testing for SC conditions

10.Documentation of results
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Expected Outcomes

• Supercritical heat transfer and pressure 
drop database

• IAEA reports synthesizing the results and 
technology advancements achieved by the 
CRP for dissemination to Member States

• Joint papers by CRP participants for 
international conferences/congresses/ 
symposia and technical journals
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Additional CRP Outcomes

• Course on “Science and Technology of 
SCWRs” (This Course!)

• Conferences and Technical Meetings on 
SCWRs specific issues

• Development of a close network and a 
sense of community 
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Course on Science and Technology
of SCWRs

• 1st IAEA Course on SCWRs

• Held jointly with and at 
ICTP    

• 27 lectures, a special 
lecture and a topic on 
Fukushima accident

• 12 Lecturers and 24 
Participants
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Technical Meeting on Heat transfer,
Thermal-Hydraulics and System Design for 

Supercritical Water-cooled Reactors
• Held July 5-8, 2010, Pisa, Italy 

• Hosted by the University of Pisa

• Embedded International Meeting of Specialists on 
Supercritical Pressure Heat Transfer and Fluid 
Dynamics 

• 60 specialists from                                                 
20 Member States 

• 38 papers
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Technical Meeting on
Materials and Chemistry for SCWRs

• Hosted by Institute for Energy, 
Joint Research Centre of the 
European Commission, 
Petten, the Netherlands, July 
18-22, 2011

• More than 20 participants 
expected

• Collect and exchange 
information on R&D results of 
materials and chemistry
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Expectation to the Course Participants

• Understand comprehensively the SCWR concept, 
especially:

– Advantages over conventional WCRs; and

– Challenges to realize the concept.

• Learn methodologies to develop a new reactor 
concept.

• Develop a close network among the participants 
and lecturers.
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Summary

• SCWR is one of the key areas of common interest  
to Member States and has been followed by IAEA. 

• CRP on thermal-hydraulics for SCWRs is on-going 
as planned and expected to complete successfully 
this year.

• Two major events in this year on SCWRs:

� Joint ICTP-IAEA Course on Science and Technology of 
SCWRs

� Technical Meeting on Materials and Chemistry for 
SCWRs

22
Joint ICTP-IAEA Course on Science and Technology 
of SCWRs, Trieste, Italy, 27 June - 1 July 2011   
(SC01) Overview of IAEA Activities on SCWRs



International Atomic Energy Agency

References

1. S. Bilbao y León and N. Aksan, “IAEA Coordinated Research Project on Heat 
Transfer Behavior and Thermo-Hydraulics Code Testing for Super Critical 
Water Cooled Reactors,” Proc. of ICAPP 09, Tokyo, Japan, May 10-14, 2009.

2. S. Bilbao y León and N. Aksan, “Improving the Understanding of Thermal-
Hydraulics and Heat transfer for Super Critical Water Cooled Reactors,” Proc. 
of ICAPP 10, San Diego, USA, June 13-17, 2010.

3. S. Bilbao y León, N. Aksan and K. Yamada, “International Collaboration in 
Thermal-Hydraulics and Heat Transfer for Supercritical Water-Cooled 
Reactors”, Proc. of ICAPP 11, Nice, France, May 2-5, 2011.

4. K. Yamada, S. Sakurai et. al., “Overview of the Japanese SCWR Concept 
Developed under the GIF Collaboration”, Proc. of ISSCWR-5, Vancouver, 
Canada, March 13-16, 2011.

23
Joint ICTP-IAEA Course on Science and Technology 
of SCWRs, Trieste, Italy, 27 June - 1 July 2011   
(SC01) Overview of IAEA Activities on SCWRs



International Atomic Energy Agency

…Thank you for your attention!

e-mail: K.Yamada@iaea.org 
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