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Outline of the presentation

* Nuclear Energy in the context of the European Strategic Energy
Technology Plan ( SET Plan) and Sustainable Nuclear Energy

Technology Platform ( SNETP)

« Euratom nuclear programme on innovative reactors and long term

operation of the current NPP

« JRC research on nuclear reactor safety; Co-operation with China

research institutions

« Conclusions: challenges and perspectives
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Strateqic Inltlatlves (selected):

March 07 Summit: endorsement by EU27 of EC Communication

“An Energy Policy for Europe”, including the role of nuclear energy to meet
20/20/20 targets: 20% reduction in GHG emissions; 20% reduction in energy
consumption; 20% share of renewable

Strategic Energy Technology (SET) Plan 2007/08:
— Joint EU Action to develop low-carbon technologies including
fission and fusion;

- importance of continued operation of current nuclear reactors (2020 target);
complete the preparation of the demonstration of GEN IV reactors (2020
target), develop in the longer-term (2050 target) more sustainable reactor

technology - Gen IV
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L instivute of Physics

e Launched in Sept. 2007 EMl endesa @ ;
— Commissioners for Research & B e
Energy
« Gathering EU stakeholders in the @Fortum
nuclear R&D sector W
— 85 member organisations .
— Industry, safety, research, ... swez
« Agreed common vision A

— Vision Report

e  Structuring nuclear fission R&D,
and better aligning EU research
priorities to industry’s needs

— Strategic Research Agenda

 Mobilising public and private
funding resources

— Deployment Strategy — May
2010

WATTEMFALL '..E,
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Process heat,

L e——— Gen. 11 and 111 ity
Maintain Safety and Innovative materials and fuels and Ha
[}
competitiveness of today’s Simulation and -.=:zu|:u::rim-::rmg:-::1
teChnO|OgieS reactor d&s;g:tﬁﬁ?r, materials

K& infrastructures

 Enlarge the nuclear fission
portfolio beyond electricity Safety standards
production (H,, synthetic
fuels, petrochemical/
steelmaking/ paper/ cement
industries, seawater

desalination, etc.) Sustainability

 Develop advanced reactors - Esﬁ”_ R
with closed cycle to enhance [ |
sustainability

ESNII = European Sustainable Nuclear Industrial Initiative
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ZUDB 2012
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SNETPF

2020
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Reference technology

=4

L

SFR Prototype
ASTRID

LFR Technology Pilot
Plant MYRRHA, and
LFR Deamonstrator

“;p

GFR Demonstrator
ALLEGRO

)

Suppnrtlng infrastructures, research facilities
loops, tasting and qualification benches,
rradiation facilities incl. fast spectrum facility {Myrrha}
and fuel manufacturing facilities

SHEERA

.ll"‘.'.
.l_“-\.




Nuclear research in Europe:
the challenges
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EURATOM Programme (DG Research & JRC)
— nuclear safety
(includes fuel cycle & Gen V)

— nuclear waste management
(includes basic R&D, reference data,
environment, radiation protection)

— nuclear security (JRC)

Examples from Euratom Framework Program 7 projects

and JRC projects on innovative nuclear reactor systems —— next slides
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SRR research — Euratom :
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4 European nuclear reactor
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Project acronym and title Key areas of R&D Coordinating Start date & | Total

organisation & duration budget / EU
no of partners* contribution
CP-ESFR - Collaborative Project Key viability and performance CEA (FR) 1/01/09 €11.5M/
on European Sodium-cooled Fast Issues supporting development | 26 partners 48 months €5.8M
Reactor of a Gen-1V European SFR (from 9 CP
http://www.project-cp-esfr.eu/ countries)
LEADER - Collaborative Project on | Conceptual level of Lead Fast ANSALDO (IT) Early 2010 €5.7M/
European Lead-cooled Advanced Reactor Industrial size plant of a | 17 partners 36 months 3.0M
Fast Reactor scaled demonstrator of the LFR | (from 11 cp
technology countries)
GoFastR - Collaborative Project on | Demonstration of the viability of | AMEC (UK) Early 2010 €5.3M/
European Gas-Cooled Fast the GFR system and 21 partners 36 months €3.0M
Reactor contributing to Gen-IV GFR (from 10 CP
research countries)

European Commission
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\*\Rl\ oy e RF
VHTR L 2 L 2 L 2 L 2 L 2 2 PY
GFR 2 L 2 L 2 L 2 2
SFR VS L 2 L 2 2 L 2
LFR * * * * *
SCWR ¢ 2 2 2 2
MSR r's TS
+ signifies Co-chair
GFR — Gas-Cooled Fast Reactor
LFR — Lead-Cooled Fast Reactor
MSR — Molten Salt Reactor
SFR — Sodium-Cooled Fast Reactor

SCWR - Supercritical Water-Cooled Reactor
VHTR - Very-High-Temperature Reactor
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="
] Senior Industry
POIICy Group Advisory Panel

Experts Group R e Policy Secretariat

Chair* I Poliey Technical
- - Steeri Director Director*
ystem Steering

Committéees

: Co-Chairs
Methodology Working
Groups

(PR&PP, Economics, Risk Technical Secretariat

& Safety)
Co-Chairs Project Management NEA, Paris

Boards — Reports to

* Technical Director is Chair of (specific or common <+ « == Provides Secretariat for

the Experts Group projects) eeeseeeses Communicates closely with

= = == Coordinates with

- e Mo ] L=
EIIvIEE B Il ¢ < mm S [0 ==

Gen IV Reactor Systems R&D

B JRC

EUROPEAN COMMISSION
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-

 Neutronics using Monte Carlo
method full core geometry

« State of art continuous energy
nuclear data

 Pin-by-pin power distribution in
meshed core geometry

« Full core and multilateral Monte
Carlo burnup analysis

« Thermal-hydraulics analyses
using sub-channel code

« Capability for hexagonal and et

rectangular geometries
e Material and thermal- correlatlon

data for fast systems

e Use of HPC Linux cluster

(SFR) core design and analysis

JRC R&D: Sodium Fast Reactor

[ Nuclear Diara: JEFF3.1 lesign ata: E}enmerr:ﬂ
EMDEH-%II Material, Operational

Moate Caglo 3-D Neuteonics
— Criticaliry, Neutron flux
= Powerdisinbution

Operaticnal Marerial
‘onditfion Properties

[ Full Core Burn—up | Sub= ﬂuumc]

[."-'u.-:]e;u design darz | Thermal design data |

] [
Safety Assessment
[esign Improvements, Licencing
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Weight Gain (g/cm’)

0.0030
D.CCIE‘E-
D.CCIED-.
0.0015 —
0.0010 —
CJ.D'CJDE!-
G.ECIDCI-.

-0.0005 <

 SCW - HP-LWR concept -
- Candidates corrosion resistance materials (8);

Ferritic-martensitic

‘____..-—-"—"".r-‘

JRC R&D: Material Science —
Stress Corrosion Cracking

550 °C, 250 bars - 150 ppb Oxygen

—m— 316 NG
—e—1.4970
—a—HCM12

—y=—SANICROZ8

—ae—C22
—4— G35
247

—a&— 08Ch18N10T

316 NG SS—=

=i
e —

—

-0.0010

T £ T . I " T - T ' I
200 300 400 500 &00 TOO
Time (h)

v T Y 1
BOO 200

e [i-Stabilised SS
« H Ni-alloys




JRC R&D: Fast Reactor and
Transmutation Fuel Irradiations
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HELIOS (29.4.2009 — 19.2.2010) within FP6 EUROTRANS (CEA + JRC-ITU fuel)

Objective: He production and fuel swelling = f( temperature, burn-up, microstructure)

100%TD . |%Pellet As-fabricated3
Pin |Target Microstructure |density [gicm’]|Tp density [g/cm™] |instr.
“'Am |Pu-tot |Measured |*'Am |Pu-tot
1 |Am,zr,0,+MgO |550 um 0.77 o015 0.6
2 |(Am,Zr)Y)O, Solid solution 0.76 92.6 0.70 TC
3 |(Am,PuZr,Y)O, |Solid solution 0.82 10.46 89.7 0.74 039 |TC
65-125 um
4 |@AmY0 Mo |SIBMN 074 94.1 0.70
>150 um
5 |(Pu,Am)O, + Mo 84.2 vol% Mo 031 |1.29 96.0 0.30 1.20




JRC R&D: Gen Il / lll reactor safety:

/ long term operation
L

LYRA-10 at the High Flux Reactor
In Petten, NL
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|[rradiation experiment for model steels,
realistic welds and high Ni welds.

» The purpose is to identify the role of
Mn, Ni, and Cr on irradiation damage.

»The experiment offers an
exceptional possibility

for Late Blooming study, important
for the LTO of RPVs.

e Bl
LYRA-10 Side 1 of sample holder loading
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EU MS Safety
Authorities

EU Technical
Support
Organizations

International O
Community

(IAEA, OECD-NEA, othels)

.J’fr:

/ JRC R&D: European Clearinghouse on

y
4

/Clearinghouse \
Central Office (JRC)

N

NPP Operational Experience Feedback

EU MS Safety
Authorities

N .:')/

Main deliverables
- Improved IRS reports
- Topical reports

\.- Quarterly OE report/

nternational OE
Community

Improved cooperation on use of Operational Experience in EU & support to EC policy making




Cooperation JRC — Tsinghua University: focus on
HTR
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High Temperaisre Reacnor Technology Metwork

2000: European High Temperature Reactor
Technology Network (managed by JRC-IE)
initiates cooperation with Institute for Nuclear Energy Technology

Since 2001: Framework Agreement with INET on HTR Technology
together with HTR-TN

2006-2010: Successful irradiation test of INET HTR fuel pebbles by
JRC-IE in the HFR Petten;
T>900°C, approx. 100 000 MWd/tHM, excellent fuel behavior;

2010: INET joins two Generation IV International Forum projects on
VHTR: Fuel & Fuel Cycle and Materials;

. B JRC

2011: Post-irradiation examination and safety testing on
EUROPEAN COMMISSION

irradiated fuel planned at JRC-ITU;
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Participants Europe

Participant organisation name

1. CVR Centrum Yyzkumu Rez s.r.o.
2 KIT karlsruhe Institute of Technology
Muclear Research and Consultancy
3. NRG Group
4 KEKI Hungarian Academy of Sciences KFKI
. Atomic Energy Research Institute
YWTT Technical Research Centre of
5 VTT Finland
Budapest University of Technology
6. BME and Economics
Joint Research Centre — Institute for
7. JRC-IE Energy
3. SIEMEMNS Siemens AG

Participants China

Participant organisation name

10, 8JTU Shanghai Jiao Tong University

11. THU Tsinghua University

12. NCEPU Morth China Electric Power University
University of Science and Technology

13. USTB Beiing

14. CNNC/NPIC Muclear Power Institute of China

15 CIAE China Institute of Atomic Energy
China Guangdaong Muclear Power

16. CGNFC Corporation
State Muclear Power Technology

17. SNFTC Corporation

18. XJTU Xi'an Jiaotong University

Cooperation Europe — China: Super Critical
Water Reactor — Fuel Test Qualification — New

Project proposal for 2010-2013

Low prossurs 77 Pressurzer
coolant injaction L | and Reactor building
e .+ accumulator
/ § I
-
: Primary loop
/ | cooler
5 <
L Accumulatar [ o m
Racn\- d e ¥ Active
i ™ channel

culation
pump

| Jotei=anasg |

—

Depressurization

system
N L o
Emergency pump \j [

Fig. 2: Concept of the primary loop and of the safety system for the SCWR fuel qualification
test.
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Conclusions: JRC is promoting
Science Based Approach to Nuclear
Energy Development
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