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Introduction

Substantial growth of energy consumption is worldwi de
forecasted toward the future .

On the other hand,

— Oil price is going up

— Fossil fuel produces CO , gas which induces the global warming

— Although renewable energy is important, but could n ot meet the
massive demand

Nuclear energy is the most viable system to supply energy
economically with substantial reduction of the glob al warming
gaseous emission,

At the same time, nuclear energy has some issues to be
considered when deploying, such as nuclear waste, p roliferation
concerns etc.

Therefore, Toshiba is pursuing to establish the sol ution toward the
peaceful use of sustainable nuclear energy system b  ased on the
long-term vision.
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Why go to “Nuclear Fuel Recycling”?

Uranium is a finite natural resource. Nuclear fuel
recycling through fast reactor system enables us to
use nuclear energy over thousands of years.

Minor actinides (MA) produced in spent fuel have
long-lived high radioactive toxicity and high decay
heat, which cause burden of final disposal.

However, they can be burnt by fission through fast
reactor system, i.e. MA recycling could reduce the
burden.

Therefore, we believe nuclear fuel recycling especi  ally
through fast reactors is definitely important in th e
future.
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Global demand for natural uranium
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The global nuclear capacity at 2050 is from The amount of global natural uranium is from
“The Future of Nuclear Power” (MIT, 2003) the Redbook 2007.

For the high growth case, uranium could be expired by the middle of this century.
Even for the low growth case, uranium could be expi red around the end of this century.

Therefore, nuclear fuel recycling through fast reac tors should be needed in the future.
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Effect of MA recycling
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Radioactive toxicity and decay heat of high-level w  aste (HLW) are
significantly reduced by MA recycling. Thus, the bu rden of HLW disposal
could be reduced.

Therefore, MA recycling together with U and Pu shou  Id be pursued in nuclear
fuel recycling.
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Issues to be considered in recycling

Economic competitiveness
Reprocessing and fuel fabrication: simple process
Fast reactor: Significant reduction of capital cost
Proliferation resistant
Reprocessing: Grouped recovery of U, Pu and MA
Recycled fuel: Low decontamination fuel

Political situation: Countries to be allowed to have reprocessing plants are
limited.

Waste reduction
Reprocessing: MA recycling as fuel
Reprocessing: Fewer secondary wastes
Continuous development

Smooth transition from the current conventional systems (LWR/PUREX) to
advanced fast reactor cycle

Smooth and continuous technology development based on a long-term
strategy

Those issues should be considered in developing a f uture advanced
recycling system.
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Toshiba’s approach for advanced recycling

Step 3: FR cycle
Electrorefinig Process

FR
Step 2: Transition from |
LWR to FR cycle FRcycle
Toshiba Hybrid Process
Recycle
Step 1: LWR cycle Plant
Toshiba Aqua -Pyro Prqgcess Long-Term Target
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Development

LWR cycle
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Near-Term Tarqget
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Step 1. LWR cycle
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Toshiba Aqua-Pyro Process
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Step 2: Transition from LWR to FR cycle

Proliferation resistant

- Simple & Environmental -

1 Same tech. as the future FR cycle I
| | | U extraction U Pure
dismantle (| dissolution [ with » denitration =
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MA Low DF
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Toshiba Hybrid Process
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Key technologies for the advanced recycling

Toshiba Hybrid Process

- Main Features -

Only U recovery by solvent
extraction with electrolysis

Pu, MA, some U and FPs are V=TT ==
remained in nitric acid solution, B
then Pu, MA and the residual U
are recovered together by
electrorefining.

Proliferation resistant :
Uranium recovery test
successfully done by using

Pure U recovery LWR spent fuel at Toshiba

Recyclable for LWR fuel
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Step 3: FR cycle

Proliferation resistant

Simple & Environmental

U, Pu, MA
FPs electro-
— . .
refining
MA-free v Pyroprocess technologies
Hiw | FPs developed with CRIEPI.

Metal Fuel Electrorefining Process
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Simplicity of pyroprocess over PUREX

PUREX process

Dismantle || Dissolution || Separation [| Purifica- | Denitra- 7| Pellet 1 Fuel pin &
tion tion fab. S/A fab.

Pyroprocess technologies

Pyroprocess developed with CRIEP!.

Dismantle [ Electrorefining - Fuel 4 Fuelpin&
casting S/A fab.

Just only one electrorefiner covers from dissolutio n thru
denitration in PUREX process
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Key technologies for the advanced recycling

Metal Fuel Electrorefining Process

re
- Main Features - Solid Calthode An—cl)__de Liquid Cd Cathode
Simple process by electrorefining
Economic
Pu(\
Fewer secondary wastes U3 U3+7\‘Ed
i uC(ljl I
MACd,
Grouped recovery of U + Pu + MA

LiCI-KCI (500 C)
Low decontamination of some FPs 1
Proliferation resistant s 1kg Uranium deposited
at cathode obtained in
the joint study with
CRIEPI.

Pyroprocess technologies
developed with CRIEPI.
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Toshiba’s advanced fast reactor systems

Advanced Fast Reactor

- Main Features -
410 MWe sodium-cooled pool type reactor
Coolant outlet/inlet temperature: 550/395 C
Plant life: 60 years

Without intermediate heat transport system
by double wall steam generator (DWSG)

EM pump for compact & simplicity
U-Pu-MA-Zr metal fuel pancake core

capital cost similar to LWRs

Passive shutdown during ATWS

Flexibility on burner and breeder (Developing partner:
Westinghouse)

TOSHIBA
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Toshiba’s advanced fast reactor systems

4S Reactor

- Main Features -
Applications:
— Remote area power supply
— QOil sand/oll shale treatments
— Seawater desalination etc.
Sodium-cooled pool type reactor
Power output:10MWe (30MW1)
50MWe (135MWh)
U-Zr metal fuel
Core life time: 30-year
Movable reflectors
No on-site refueling
Passive safety
Low maintenance requirements
Proliferation resistant
Standardization

TOSHIBA
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Super-Safe Small and Simple

(Developing partners: CRIEPI,
Westinghouse, ANL)
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Key technologies for the advanced reactors

Double Wall Steam Generator Testing

Results

Sodium tests of the Few Tube Test
Model for over 10,000 hrs at ETEC?

1- ETEC — Energy Technology Engineering Center (USDOE)
Verified heat transfer characteristics of
double wall tubes

Confirmed moisture detection
capability following inner tube failure

Double wall tube test
of SG at ETEC

Note: This R&D has been performed as a part of joi  nt R&D projects under sponsorship of the nine Japan ese
electric power companies, Electric Power Developmen  t Co., Ltd. and the Japan Atomic Power Company (JAP  C).
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Key technologies for the advanced reactors

Electromagnetic Pump Development

Results

Sodium tests for over 2,550
hrs at ETEC?

1 - ETEC - Energy Technology Engineering
Center (USDOE)

Confirmed the integrity of

stator support and coil
iInsulation up to 600 deg C

Confirmed flow stability in

EM Pump(160 m3 / min) the required operation
tested at ETEC* range

*Ota et al., “Development of 160m3/min Large Capacit y Sodium-Immersed Self-Cooled Electromagnetic
Pump”, J. Nucl. Sci. Tech., Vol.41, No.4, pp.511-523 (2004)

Note: This R&D has been performed as a part of joi  nt R&D projects under sponsorship of the nine Japan ese
electric power companies, Electric Power Developmen t Co., Ltd. and the Japan Atomic Power Company (JAP  C).
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Key technologies for the advanced reactors

Toshiba’'s Sodium Test Loop Facility
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Max Temp. 600°C

Sodium inventory 8 ton

Sodium flow rate Very low - up to
10m3/min

Test tank Inner dia. 1.0 m
Height 3.56m

Flow -rate control Flexible control by
EM pump

Major Capabilities

Large sodium flow-rate range

High flow velocities

Large heating/cooling, temperature
gradients

Thermal transient tests

Cross-linked with computation system
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Summary

Toshiba is developing the advanced nuclear fuel
recycling systems for the peaceful & sustainable us e
of nuclear energy.

The systems cover from the near-term to the long-te  rm.

Near-term application:
Toshiba Aqua-Pyro Process for the existing PUREX plants
Middle-term application:

Toshiba Hybrid Process for the next phase reprocessing plants
for LWR spent fuel (e.g., the US GNEP facility, the International
Nuclear Fuel Recycling Centers proposed by IAEA or Russia,
the Japanese second reprocessing plant, etc.)

Long-term application:
Metal fuel electrorefining process for fast reactor cycle

The common key technology is “electrorefining”.
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