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A Technology Roadmap

Function of the GIF
Charter signed in 2001 to: Neco Eaery Soems

Tan Mationa Pragaring Todwy for Tomarroa’s Energy Needa

* Identify potential areas of multilateral
collaborations on Generation IV
nuclear energy systems

* Foster collaborative R&D projects

Framework Agreement signed in 2005

a) joint research and technology development;

b) exchange of technical information and data;  http://www.gen-4.org/Technology
: : roadmap.htm

c) support for technological demonstrations;

d) conduct of joint trials/experiments;

e) participation of staff in experiments, analysis, design, ...;

f) exchange or loan of equipment for experiments;

g) organization of seminars; training;

h) monetary contributions to experimental fathe&;E@lmumuom _
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Flrst level Goals for innovative systems

Sustainability—1

Generation IV nuclear energy systems will provide sustainable energy generation that meets clean
air objectives and promotes long-term availability of systems and effective fuel utilization for
worldwide energy production.

» Sustainability—2
Generation IV nuclear energy systems will minimize and manage their nuclear waste and notably
reduce the long term stewardship burden in the future, thereby improving protection for the public
health and the environment.

» Economics-1
Generation IV nuclear energy systems will have a clear life-cycle cost advantage over other energy

sources.
» [Economics-2

Generation IV nuclear energy systems will have a level of financial risk comparable to other energy

projects.

y and Reliability—1
Generation IV nuclear energy systems operations will excel in safety and reliability.
» Safety and Reliability—2

Generation IV nuclear energy systems will have a very low likelihood and degree of reactor core
damage.

Safety and Reliability—3
lon IV nuclear energy systems will eliminate the need for offsite emergen
» Proliferation Physical protectian

Generation IV nuclear energy systems will increase the assurance that they are a very unattractive
and least desirable route for diversion or theft of weapons-usable materials and provide increased
physical protection against acts of terrorism. E Inter lkil@lkl
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First level Goals for innovative systems

y and Reliability—1
Generation IV nuclear energy systems operations will excel in safety and reliability.
» Safety and Reliability—2

Generation IV nuclear energy systems will have a very low likelihood and degree of
reactor core damage.

Safety and Reliability—3
lon IV nuclear energy systems will eliminate the need for offsite emergen
response.

GE International
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4 objectives, 15 criteria & 24 performance indicators

Rollup of Metrics, Criteria, Goals and Goal Areas
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4 Goal Areas | 8 Goals | 15 Criteria | 24 Metrics
SU1 Resource Utilization SU1-1 Fuel Utilization « Use of fuelresources
Sustainability « Waste mass
SU2-1 Waste minimization *Volume
* Heat load
SU2 Waste Minimization « Radiotoxicity
and Management
SU2-2 Environmental impact ¢« Environmental impact
of waste management
and disposal
——EC1-1 Overnight construction costs « Overnight construction costs
EC1 Life Cycle Cost ——EC1-2 Production costs « Production costs
i ——FEC2-1 Construction duration « Construction duration
Economics
. . EC1-1 Overnight construction costs « Overnight construction costs
EC2 Risk to Capltal—: 9 9
EC2-1 Construction duration « Construction duration
SR1-1 Reliability « Forced outage rate
——SR1 Operational SR1-2 Worker/public - routine * Routine exposures
Safety and exposure
R eliability
SR1-3 Worker/public - accident e Accident exposures
exposure
« Reliable reactivity control
Safety and SR2-1 Robust safety features . Reliable decay heat removal
Reliability
—SR2 Core Damage .
e Dominant phenomena —
: low uncertainty
SR2-2 Well-characterized models «Long fuel thermal response time
*« Integral experiments scalability
: e Source term
SR3 Offsite SR3-1 V:/eerlnlq-;:gr?er?é:)t/erlzed source—[M echanisms for energy release
Emergency ;
~ . : e« Long system time constants
Response SR3-2 Robust mitigation features AELong and effective holdup
. . . . PR1-1 S tibility to di ; « Separated materials
Proliferation PR1 Proliferation - usceptibliity to diversion or . Spent fuel characteristics
Resistance Resistance undeclared production
and Physical and Physical
Protection Protection PR1-2 Vulnerability of installations * Passive safe tures
e O “
niemational
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2001: 120 Generation IV concepts
classified in 19 homogeneous families

GEN IV - Roadmap : Systems Identification

®* Gas-cooled reactors
— G1-PBR
— G2 - PMR
— G3-VHTR
— G4 - HTGR closed cycle
— G5-GFR

GE ) International
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Global Evaluation for all the concepts

75th Percentile Composite Scores

" Water (blue)
Metal (red)

Non classical (green)

Composite score

L3 N3 W6
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The six systems

Very High Temperature Reactor

Supercritical Water-cooled Reactor
Molten Salt Reactor

GE International
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Japanese Chairmanship since end
of 2009 (3 year term):
Mr Yutaka Sagayama, from JAEA

i) B | 0D o e = B |2E =
VHTR | @ 2 2 2 2 2 2 2 2
GFR 2 2 2 2
SFR 2 2 2 2 2 2 4
SCWR | @ . 4
LFR 2 2 2
MSR 2 2
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Status of GIF agreements (Oct. 2011)

10 Projects signed, 4 planned

[ Framework Agreement ]

[ SFR Agreement ] [ GFR Ag

reement ] [ SCWR Agreement ][ VHTR Agreement

Advanced
Fuel Project
I
[ GACID Project ]

Component
Design & Bal. Of
Plant Project

Safety &
Operation Project

System Integration &
Assessment Project

-

Conceptual Material &
Design & Safety Chemlstry Project
Project )
l Thermal-
Fuel and other Hydraulics &
Core Materials
Project ) |

LFR
Agreement

MSR
Agreement

]

PrOJect

H2 Production
PrOJect

|_| Signed

1
Fuel & Fuel Cycle ]
]
]

Materlals Project

[ Fuel Quallflcatlon

Project Computational

Methods, Validation &
Benchmark Project

Safety Project [

I:I Not yet signed

GEX]
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Examples of GIF results

GE International
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VHTR Materials Project  [=w=" M

Materials Handbook

117 documents uploaded in the ki
“Materials Handbook” database.

— Graphite + Metals and Design Methods
+ Ceramics and Composites

DRAFT Mapping of Graphite Iradiations by GIF pariners|
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SCWR Thermal-Hydraulics and Safety
Project

 Heat transfer of supercritical fluids
— From tubes and annuli to rod bundles

SCWR Materials & Chemistry Project

Measurement and Auxiliar;@ystems
* Round Robin tests on corrosion . s »
and radiolysis on structure ' |
materials
o Supercritical water loop under
development
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SFR Component Design & Balance of
Plant Project

« Supercritical CO, Brayton cycle
— Common development program

— Small-scale demo loop under
completion

SFR GACID PI’OjeCt

MA-bearing

e A Global Actinide
Cycle International
Demonstration

Irradiation
test

GLOBAL 2011, Dec 11-16, Makuhari, Japan ~or Ulﬂ Slide 14



Proliferation Resistance & Physical
Protection Working Group: A
Safeguards Approach

m lass Measurement
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Conclusion

« The Generation IV International Forum has already
defined a R&D strategy in support to future nuclear
technologies

e It has also developed a legal framework that
combines R&D exchange, intellectual property and
rights of use

« Beyond Strategy and Information Exchange, GIF
combines the sharing of research and information
protection

— Several results already obtained

E lmu hational
Prospects on future nuclear energy systems: a GIF initiative, P. Anzieu GLOBAL 2011, Dec 11-16, Makuhari, Japan _Ol U nl Slide 16



THANK YOU

E International
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