Utilization and development of
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New Look at Nuclear Power

Growing Consensus

d A Key Means to Concurrently Secure Stable Supply of Energy and
Cope with Global Warming

 Making a Major Contribution to Reducing Greenhouse Gas Emission

d A Currently Available Commercial Technology to Mitigate Climate
Change
 The Role of Nuclear Power (G8 Summit 2008 in Toyako, Hokkaido)
=» |n Reducing CO, Emissions

=» |n Responding to Individual Countries’ Increasing Energy Security
Needs



New Look at Nuclear Power

Global Nuclear Capacity dBy 2050, global nuclear
capacity Is projected to
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New Look at Nuclear Power

Necessity of Nuclear Energy in JAPAN

dNuclear Energy at the Center for the Progress of Coping
with Global Warming

dExtensive Utilization of Nuclear Energy for the 50%
Reduction in CO, Emissions by 2050

d“The Road Map for Technology Innovation In
Environmental Energy (2008)”
=» Use of LWR (Short and Mid-Term Plan, to 2030)

=» Development of Next Generation LWR and FBR Cycle
Technology (Mid and Long-Term Plan, after 2030)



Nuclear Power in JAPAN

Commercial NPPs (As of February, 2009)
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d 53 NPPs

» 30 BWRs
» 23 PWRs

O 48 GWe

=» 1/3 of Total Electricity
» 12% of Primary Energy

4 After 2030

=» More than 30 ~ 40% of
Total Electricity



Nuclear Power Utilization Iin Japan

Over 50 LWR plants; BWR and PWR

9 utilities (TEPCO, Kansali, Chubu etc) by region
and JAPC and J-Power(EPDC)

First LWR demo (JPDR, 12MWe BWR) in 1959
First commercial plant (GCR) in 1965, LWR in 1970

3 LWR vendors: Toshiba, Hitachi/GE and
Mitsubishi(MHI)

3 nuclear fuel manufacturers; GNF,Mitsubishi,NFI

Commercial nuclear fuel cycle program by JNFL
(enrichment, spent fuel reprocessing and low
level radioactive waste disposal) in Rokkasho

Only for peaceful use, no nuclear weapon by law



TEPCO Kashiwazaki-Kariha NPP, 7 BWR, total 8. ZlGWe

Reference: http://www.tepco.co.|




Tomari Unit No.3 (Hokkaido EPC) : PWR,912MW

Construction start: Nov. 2003.11
Commercial operation: 2009.12(planned)

Linits Mo. 1, 2 and 3 (from |eft)

http://www.hepco.co.jp/corporate/ir/ir_lib/pdf/annual2008.pdf



Shimane No.3 (Chugoku EPC) : ABWR,1373MW

construction start: Dec. 2005
commercial operation: Dec. 2011(planned)

http://www.energia.co.jp/e/report/ar_08.pdf



Japan Atomic Power Company: APWR

o == Tsuruga units 3 and 4; 1530MWx2

Steam generator

Reactor coolant pump
Pressurizer

gh-performance
accumulator tank

Reactor coolant pipe
Safety injection pump

fiContainment spray
Iresidual heat removal pump

Containment spray
Iresidual heat exchanger

Refueling water storage pit
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Full MOX ABWR at Ohma (J-Power)

ABWR (Full MOX
core),

loaded with mixed-
oxide (MOX)
fuels of up to
100% of the
core.

(Rendering of Ohma Nuclear Power Plant)

The figure is from the website of J power, Japan (http://www.jpower.co.jp/english/news_release/news/news081111.pdf)



Globalization of Japanese
manufacturers

e Toshiba-Westinghouse(WH)
ABWR, AP1000

e Hitachi-General Electric (GE)
ABWR, Full MOX ABWR, ESBWR

e Mitsubishi Heavy Industries(MHI)--AREVA
(Mid-size PWR, Fast Reactor, HTGR)



Japan's Nuclear Fuel Cycle

* A closed nuclear fuel cycle policy:
»adds to long-term energy security
»Cconserves uranium resource

»reduces the amount of high-level radioactive
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http://www.fepc.or.jp/english/nuclear/fuel_cycle/fuel_recycling/index.html
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JNFL Rokkasho Reprocessing Plant

e Testing since Nov. 1999
e Site area 3,800,000m? .
 Max. reprocessing capability 800t

 Max. storage capacity 3,000tU




- JNFL Rokkasho LLW Reposnory
* Site area 3,600, G)OOm2
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JNFL: a MOX fuel fabrication plant

MOX fuel Fabrication processes

Mixing process Fabrication process Siniering procaess

J o i 1 1 OOCOO0
MOX powder ——-
MOX povweder and uraniam Kised MOX powdar is formed Fllats [powdar pressed inl

Plutonium; Uranium=1:1

1]
dicwide powder are mixed into & eylindrical shape by a shape) are placed on a metal-
e 0 prepane the proper plu- prassing maching, Iz pan and sinterad at high
fanium cancaniration lemparaluras Size of pellal:
_ approx, 1cm
Uranium dioxide powder :
[ e
Nuclear power station Fuel assembly process Saglad walding process Fuel rod fabrication process
Shipping ' /
Fuel assemblas are packed The fued asgembly (8 produced The upper plug is welded o A pallet |5 insaned imo thi allay
in a cask for shipment to a by comibining fuel rods and fusl the claddng lwbe. dladding tube, the bottom plug
nuclear power station. assembly components. of which has been welded.

http://www.jnfl.co.jp/english/mox.html



Nuclear R&D In Japan

Japan Atomic Energy Agency (JAERI and JNC
merged in 20006)

Fast breeder reactor program; Experimental fast
reactor JOYO, Prototype FBR MONJU

High temperature gas cooled reactor;
experimental reactor HTTR(30MW1) for high
temperature application and hydrogen
production

Nuclear fusion program; JT-60, participate in ITER
and broader approach

Accelerators; J-Park etc



“JOy0” (Experimental Fast Reactor), JAEA

*MK-I: “The Fast Breeder Reactor”, 75MW1 (1977-1981)
MK-II: “lrradiation Reactor”, 100MWs1 (1982-2003)
-I\/I K-11I: “Upgraded Irradiation Reactor”, 140MW1t (2003-)

~ Mﬁﬁm """'"r“r

PRS- S—— S

http:/Avww:jaea.go.jp/04/0-arai/joyo/indexes.htm



LMFBR “Monju” (Prototype Reactor), JAEA

e Coolant: Liquid Na _
« Thermal / electric output 714AMW [ 280MW
« First criticality: April, 1994

e Stopped since 8t Dec _|1995 (Na leakage from the
secondary loop. ’LL 4




ngh Temperature Engmeerlng Test Reactor (HTTR) JAEA

e e

o Thermal output 30MW

» Coolant: He gas (4MPa, 395/850-
950 )

10t Nov. 1998: First Criticality

« 215t Aug. 2003: Succeeded
hydrogen production from water
with thermo-chemical 1-S process.

19t April 2004: achieved 950
operation




JT-60:Plasma Fusion Device, JAEA

JT-60
(JAERI Tokamak - 60) Heating & Current

Toroidal Field Drive System
oil (P-NBI)

Main Parameters

Toroidal Field 4T  freE
Plasma Current 3 MA =
Major Radius 34m

Minor Radius im

Plasma Volume 90 m

Pulse Length 655
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1’ «1985-1989: Hydrogen experiment
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Drive System System
_ (N-NBI)
bk 500“:: ﬁ;‘:;’w Heating Power (NBI) | 40 MW
= Heating Power (RF) | 15 MW

Burning Plasma
(Ignition)

Generation of
Electrical Power for
Steady-State

Break-even Plasma ‘

JT-60

http://www-jt60.naka.jaea.go.jp/english/index-e.html



J-PARC: Japan Proton Accelerator Research Complex JAEA

===
Materlals and Life Science Hadron Beam Facility

Experimental Facility
Transmutation [

. Neutrino to &&;
=M% Kamiokande ®

®J-PARC consists of following accelerators:

i 50 Gev synchrotron lle 400-MeV normal-conducting Linac
25 HZ, 1MW (0'75 MW)

» 600-MeV superconducting Linac
« 3-GeV synchrotron ring

* 50-GeV synchrotron ring

« June, 2007: Completion of civil construction of the Hadron Hall

e October 31, 2007: Successful beam acceleration at the 3-GeV
synchrotron

 May 30, 2008: First neutron production at J-PARC Materials & Life
Science Experimental Facility (MLF).

 December 23, 2008: Successful beam acceleration up to 30 GeV at the
50-GeV Synchrotron (MR)

* The next step for the MR is the extraction to the hadron experimental
hall (January 2009) and to the neutrino beam line (April 2009)

http://j-parc.jp/index-e.html



Congratulations
KNS 40" anniversary




