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Waste Management and PWaste Management and PWaste Management and PWaste Management and P----TTTT

� New “Hatoyama” administration 
proposes 25% of Green House Gas 
reduction 

� At this point of view,  nuclear power is 
indispensable

� One of the important issue of 
sustainable nuclear power generation 
is waste management

� Waste management is also important 
to match nuclear power to CDM

� It is necessary to proceed rational 
disposal scenario including 
reprocessing by national effort

Japan will aim to reduce 
its emissions by 25% by 
2020, if compared to the 
1990 level, consistent 
with what the science 

calls for in order to halt 
global warming.
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Fuel Cycle with Minor ActinidesFuel Cycle with Minor ActinidesFuel Cycle with Minor ActinidesFuel Cycle with Minor Actinides
---- Homogeneous / Heterogeneous / Dedicated Homogeneous / Heterogeneous / Dedicated Homogeneous / Heterogeneous / Dedicated Homogeneous / Heterogeneous / Dedicated ----

� Management of HLW

- Key for sustainable energy

- MA and Specific FP are important

Fuel
Fabrication 

LWR FR

Fuel
Fabrication

U,Pu U,Pu,(Np)

Final disposal

FP

Reprocessing

(Np), Am, Cm

Second Stratum Cycle

Partitioning

Transmutor

FP

Reprocessing
Fuel Fab.

(Np), Am, Cm

� Different MA management methods

- Homogeneous recycle to all FR

- Heterogeneous recycle to selected FR

� Partitioning-Transmutation

- Dedicated cycle (Double-strata)

- Receptive to upper cycle condition 

- Needs of electricity

- Transition term from LWR to FR

- Installation by economical 
requirements

- Separate harmful materials

- Optimized cycle for transmutation



AHIPA, Oct.19-21 2009, Fermilab., USA � Page 4

Wastes from PWastes from PWastes from PWastes from P----T cycleT cycleT cycleT cycle

waste volume per 32,000 HMt of 4-year cooled 
45GWd/HMt LWR spent fuel (=40 years 
operation of 40GWe generation)

Non P-T Cycle

Cycle with P-T

Spent fuel

glass

5,500m3

reprocessing

HLW

NPP(LWR/FR)

＝heat-generating waste
＝cold waste
＝LLW

Sr-Cs

ADS 
transmutor

metals &
rare earths

Tc &
PGM

MA

utilized

16m3

Spent fuel

NPP(LWR/FR)

calcined

700m3

glass

1,200m3

washing 
liquid

& used 
solvent

LLW

11,000m3

soluble

FP

metallic

FP
ZrN hull

sodalite

70m3

Alloy

60m3

80m3 480m3

dry reprocessing・・・・fuel 
fabricationreprocessing & partitioning

××××11

option



AHIPA, Oct.19-21 2009, Fermilab., USA � Page 5

MA Transmutation by power reactor (1)MA Transmutation by power reactor (1)MA Transmutation by power reactor (1)MA Transmutation by power reactor (1)

� Transmutation by power reactor have some difficulties

- Safety review of FBR “Monju” gives serious increase of coolant void reactivity.
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Monju ‘95 Monju ‘08 FBR Equ. FBR+5%MA

Coolant Void Reactivity ($)

Doppler Reactivity (Tdk/dT)

Safety target value < 6$
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MA Transmutation by power reactor (2)MA Transmutation by power reactor (2)MA Transmutation by power reactor (2)MA Transmutation by power reactor (2)

- Dr. Bouchard (GEN-IV Chair) said how to fabricate MA-
spiked fuel is not simple and has to be done remotely, as 
does reprocessing. He also express concern that SFR 
technology, including safety and nonproliferation measures  
will prove difficult to deploy at a reasonable cost (even in non
MA-spiked fuel).   
Nucleonics Week Vol.50, No.35 (Sep. 3, 2009)

- From EDF’s point of view, a partial recycling of MAs in 
heterogeneous blankets may then be adopted if it is 
feasible and if technological and economic advantages 
outweigh possible drawbacks. Heat load and the 
associated activity from glass canisters will have to be 
managed in the fast reactor themselves, the reprocessing 
plants, the fabrication plants, the reactor fuel handling 
sections, the transport casks and interfaces.  
- N. Camarcat et al., Global’09, Paper 9079
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Transmutation by ADSTransmutation by ADSTransmutation by ADSTransmutation by ADS
---- LBE Target/Cooled Concept LBE Target/Cooled Concept LBE Target/Cooled Concept LBE Target/Cooled Concept ----

• Proton beam : 1.5GeV  ~20MW

• Spallation target : Pb-Bi

• Coolant : Pb-Bi

• Subcriticality :  keff = 0.97

• Thermal output :  800MWt

• Core height : 1000mm

• MA initial inventory  :  2.5t

• Fuel composition  : 

(60%MA + 40%Pu)  Mono-nitride

• Transmutation rate : 

10%MA / Year  (10 units of LWR)

• Burn-up reactivity swing : 1.8%∆k/k

ガードベッセル

炉心支持構造物

ビーム窓

原子炉容器

炉心槽

主循環ポンプ

ビームダクト
内　筒

蒸気発生器

Guard Vessel

Inner tube

Beam Duct

Window

Core Vessel

Core Support

Steam 
Generator

Main Pump

Support 
Structure
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R&D Issues of ADSR&D Issues of ADSR&D Issues of ADSR&D Issues of ADS

High power proton beam 
without nuclear fuel : TEF-T

High power proton beam 
without nuclear fuel : TEF-T

・・・・Spallation Target, Material

・・・・Operation of Pb-Bi system

・・・・Spallation Target, Material

・・・・Operation of Pb-Bi system

Low power proton beam 
with nuclear fuel : TEF-P

Low power proton beam 
with nuclear fuel : TEF-P

・・・・Reactor Physics
・・・・Subcritical System Control

・・・・Reactor Physics
・・・・Subcritical System Control

Analytical design study on 
reactor vessel, beam duct, 
quake-proof structure, etc.

・・・・Structure・・・・Structure

J-PARC Project
SC-LINAC Development

・・・・Accelerator・・・・Accelerator

Fabrication, irradiation and 
reprocessing tests using 

existing facilities

・・・・Fuel・・・・Fuel
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Irradiation Test of UIrradiation Test of UIrradiation Test of UIrradiation Test of U----free Nitride in JMTRfree Nitride in JMTRfree Nitride in JMTRfree Nitride in JMTR

36

Upper endplug

(SUS316)

Plenum spring

(Inconel X)

UN

pellet

(Pu,Zr)N

pellet

PuN+TiN

pellet

UN

pellet

Lower endplug

(SUS316)

36

96

230

PuN+TiN pellets

(Pu,Zr)N pellets

(Pu,Zr)N               PuN+TiN 

Irradiation period   May 2002 ~ Nov. 2004 (246 EFPD) 

Av. linear power      408 W/cm              355 W/cm

Burnup                     14.7 at%-Pu          17.0 at%-Pu

Max. fuel Temp.       1273 K                   1083 K
(Estimation)

Cladding tube             SUS316, 9.40 mm∅∅∅∅, 0.51 mmt

PIEs  have been completed in JAEA’s hot cells.
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- Cross sections, profilometry, X-ray radiography and gamma  scanning-
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PuN+TiN

Results of PIEs for U-free Nitride
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Materials: T91(Mod.9Cr-1Mo steel), Si-enriched T91(1.5%Si)

316SS, Si-enrichd 316SS(2.5%Si)

Static Corrosion Test in LBE (oxygen-saturated) at 550 °°°°C for 3000h

Materials: T91(Mod.9Cr-1Mo steel), Si-enriched T91(1.5%Si)

316SS, Si-enrichd 316SS(2.5%Si)

Static Corrosion Test in LBE (oxygen-saturated) at 550 °°°°C for 3000h

����Si addition to T91 →→→→ Thin oxide film including Si and Cr(and Fe)

����Si addition to 316SS  →→→→ Mitigation of ferritization (Ni dissolution) and LBE 

penetration, but not enough

����Si addition to T91 →→→→ Thin oxide film including Si and Cr(and Fe)

����Si addition to 316SS  →→→→ Mitigation of ferritization (Ni dissolution) and LBE 

penetration, but not enough

50μ m50μ m50μ m 50μ m50μ m50μ m

50μ m50μ m50μ m 50μ m50μ m50μ m

T91 Si-T91

316SS Si-316SS

Cu 
plating

Ferritization

Si-T91

Si-316
SS

10µm

20µm

Effect to develop SiEffect to develop SiEffect to develop SiEffect to develop Si----enriched steelsenriched steelsenriched steelsenriched steels
---- SiSiSiSi----T91 and SiT91 and SiT91 and SiT91 and Si----316SS 316SS 316SS 316SS ----
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Reliability:Reliability:Reliability:Reliability:
Acceptable Beam Trip FrequencyAcceptable Beam Trip FrequencyAcceptable Beam Trip FrequencyAcceptable Beam Trip Frequency

� Thermal stress caused by beam trip is estimated to know acceptable frequency 
of beam trip.

- Beam window

- Inner barrel

- Reactor vessel

� The influence of the beam trip to the power generation system is also estimated.

A

Before beam trip

B

Several seconds

After beam trip

C

Transient

D

Several minutes

after beam trip

H

C

:High temperature

:Low temperature

PumpSG

Inner barrel

Reactor vessel

Core

Beam
window

Inner
barrel

Reactor
vesselH

C

C

H

C

H

C

H
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Reliability:Reliability:Reliability:Reliability:
Summary of Allowable CriteriaSummary of Allowable CriteriaSummary of Allowable CriteriaSummary of Allowable Criteria

� Three criteria depending on the beam trip duration T 

Beam trip duration T Acceptable frequency Remarks

T < 1 sec.
105 / 2 year

(50,000 / y)
Beam window life time

1 sec. < T < 5 min.
104 / 40 year

(250 /y)

Fatigue failure of 

reactor structure

T > 5 min.
Once a week

(50 /y)
System availability
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Reliability: Strategy to 
Reduce Beam Trip Frequency

� SINQ and LANSCE experiences show 1 or 2 orders of frequency 
reduction might be necessary to meet the criteria

SINQ (2001)

1

10

102

103

104

105
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Criterion-1: Beam window

Criterion-2: 

Reactor structure Criterion-3: 

Turbine stop

Strategy-1:

Reduction of 

duration

Strategy-2:

Reduction of 

frequency

Strategy-3:

Mitigation of 

criteria

LANSCE （（（（1997））））

Three strategies for reduction:

1. Reduction of the beam 
trip duration down to 1 
sec.

2. Reduction of frequency

for relatively long beam 
trip

3. Mitigation of the criteria

by design consideration 
and detailed transient 
analysis. 

Three strategies for reduction:

1. Reduction of the beam 
trip duration down to 1 
sec.

2. Reduction of frequency

for relatively long beam 
trip

3. Mitigation of the criteria

by design consideration 
and detailed transient 
analysis. 

Detailed analysis on the causes of the 
beam trips is underway to explore the 
realistic solutions for Strategy-1 and 2.  

Detailed analysis on the causes of the 
beam trips is underway to explore the 
realistic solutions for Strategy-1 and 2.  
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Current Status of JCurrent Status of JCurrent Status of JCurrent Status of J----PARCPARCPARCPARC

Jan. 28, 2008

50 GeV 

Synchrotron 

LINAC

Neutrino

Site for Transmutation 

Experimental Facility

Material and Life

Science Facility 

Hadron Facility

3 GeV  Ring

Control Bldg.

� Start Construction

- March, 2002

� Produce First Proton Beam

- Nov. 22, 2006

� Accelerate proton to 181 MeV

- Jan. 24, 2007

� Accelerate beam to 3 GeV

- Oct. 31, 2007

� Inject beam to 50GeV ring

- May 27, 2008

� Produce spallation neutron 

- May 30, 2008

� Open for public usage 

- Dec., 2008
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TEF-T FacilityTEF-T Facility

Critical 

Assembly

Pb-Bi Spallation Target

200kW

10W

TEF-P FacilityTEF-P Facility

Proton Beam

Transmutation Experimental FacilityTransmutation Experimental FacilityTransmutation Experimental FacilityTransmutation Experimental Facility
---- Initial Plan Initial Plan Initial Plan Initial Plan ----
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Facility Plan of TEF first phase (TEFFacility Plan of TEF first phase (TEFFacility Plan of TEF first phase (TEFFacility Plan of TEF first phase (TEF----P)P)P)P)

2 phase construction

� 1st:TEF-P+Beam Dump

� 2nd:TEF-T+SC-LINAC

40
0M

eV
 p

6
0
0
M

e
V
 p

Critical Assembly

30kW Beam Dump
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Application of MAApplication of MAApplication of MAApplication of MA----bearing Fuel in TEFbearing Fuel in TEFbearing Fuel in TEFbearing Fuel in TEF----PPPP

� MA-fuel is stored in cylindrical cartridge to prevent gamma and neutron exposure and critical 
accident

� Requires remote handling device to storage/transport/loading of MA fuel

� Constant Air-conditioning is required for MA storage and fuel loading zone
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Year (20xx) 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25-

LINAC

TEF-P
&

Beam Dump

TEF-F
&

SC-LINAC

400MeV Energy Recovery

Construction & Manufacturing

Conceptual Design

Operation

Preliminary Design

Safety Review

Detail Design

Review for Construction

Construction & Manufacturing

Operation

Detailed Design

Preliminary Design

MA Fuel Loading

OMEGA C&R

Blank between C&R and Design caused by the term of JAEA Mid-term Plan

Schedule for JSchedule for JSchedule for JSchedule for J----PARC 2PARC 2PARC 2PARC 2ndndndnd PhasePhasePhasePhase
---- Considering National C&R of PConsidering National C&R of PConsidering National C&R of PConsidering National C&R of P----T T T T ----
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National Check and Review of PNational Check and Review of PNational Check and Review of PNational Check and Review of P----TTTT
---- Purpose and committee member Purpose and committee member Purpose and committee member Purpose and committee member ----

� Purpose

- Organize current state of the art concerning P-T technology in Japan

- Analyze the effectiveness and significance of P-T

- Examine how to advance future R&D

� Committee member

- Hajimu Yamana, Professor of KURRI, Chair

- Shinsuke Yamanaka, Professor of Osaka Univ.

- Tomio Kawada, Director of Nuclear Waste Management Organization of Japan (NUMO)

- Shinya Nagasaki, Professor of Tokyo Univ. 

- Tetsuo Fukazawa, Hitachi-GE Nuclear Energy Corp. 

- Shigeyasu Yano, Director of Nishina Accelerator Research Center, RIKEN

- Yoshihiro Yamane, Professor of Nagoya Univ.

- Toshio Wakabayashi, Professor of Tohoku Univ. 
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Main Results of recent C&RMain Results of recent C&RMain Results of recent C&RMain Results of recent C&R

Main Results

� P&T technology has potential to reduce the 
radiotoxic inventory, to reduce the 
requirement for geological disposal, and to 
enhance design options of nuclear waste 
disposal system.

� R&D on P&T should be linked strongly with 
that of FBR cycle for which the achievement 
of safety, economy, environmental-
friendliness, saving resource, and non-
proliferation is required.  

� The basic data to judge the feasibility of P&T 
are insufficient.  It is, therefore, necessary to 
continue the accumulation of the basic data 
which are commonly utilized for both FBR 
and ADS.

1

10

100

1000

10000

0 50 100 150 200 250 300 350 400 450 500
Time after Waste Form Production (yr)

He
at
 (W
/W
as
te
 F
or
m
)

FBR without  PT
FBR with MA t ransmutat ion
FBR with PT

T. Nakagawa, et al, JAERI-Data/Code 2002-025

JENDL-3.3

JEFF-3

ENDF/B-VI

Large discrepancy 
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FFAGFFAGFFAGFFAG----KUCA Experimental ConfigurationKUCA Experimental ConfigurationKUCA Experimental ConfigurationKUCA Experimental Configuration

Ion Source

FFAG Acc.

TargetProton Beam

KUCA

Subcritical
Reactor

Magnets
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First injection of spallation neutronsFirst injection of spallation neutronsFirst injection of spallation neutronsFirst injection of spallation neutrons

2009/ 3/ 4  FFAG-KUCA ADS Experiment
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Fig. Time series of neutrons

Neutron multiplication by spallation neutrons generated by protons
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Joint Roadmap of KART&LAB & JJoint Roadmap of KART&LAB & JJoint Roadmap of KART&LAB & JJoint Roadmap of KART&LAB & J----PARCPARCPARCPARC

KURRI
KUCA

JAEA
FCA

J-PARC
TEF

Experimental 
ADS

800MW class
ADS

FFAG-
KUCA

FFAG 
1GeV 
Upgrade

KUR
Future Program

Basic Research for

P-T by FR

� Joint Research Activities for Innovative Nuclear Systems

- FFAG Accelerator (KURRI)：
- Proton Energy：～150MeV Target Position：Outside the core Neutron Spectrum：

Thermal

- Ｊ－ＰＡＲＣ Transmutation Experimental Facility：
- Proton Energy：400～600MeV Target Pos.：Inside the core Neutron Spectrum：Fast

� Joint Research Activities for Innovative Nuclear Systems

- FFAG Accelerator (KURRI)：
- Proton Energy：～150MeV Target Position：Outside the core Neutron Spectrum：

Thermal

- Ｊ－ＰＡＲＣ Transmutation Experimental Facility：
- Proton Energy：400～600MeV Target Pos.：Inside the core Neutron Spectrum：Fast

Need encouragement by 
World-wide User Community
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Next generation critical assembly for Next generation critical assembly for Next generation critical assembly for Next generation critical assembly for 
innovative nuclear system studiesinnovative nuclear system studiesinnovative nuclear system studiesinnovative nuclear system studies

� Management of MA is indispensable to establish sustainable nuclear 
energy production

� MA fuel is difficult to handle in existing critical assembly facilities

- Remote handling is requires to prevent high radioactivity of Am/Cm

- Continuous heat removal devices for both core and storage

� Requires new critical assembly reflecting various innovative concepts

- MA handling devices

- Proton beam application

- Keeping many knowledges for existing systems are also very important

Research Committee was launched by Atomic Energy 
Soceiety of Japan to discuss next generation facilities

Research Committee was launched by Atomic Energy 
Soceiety of Japan to discuss next generation facilities
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Asia ADS Network InitiativeAsia ADS Network InitiativeAsia ADS Network InitiativeAsia ADS Network Initiative

� Started from 2003 and held meetings annually

� Exchange R&D information for national programs, accelerator, neutronics, nuclear 
data, material issues including innovative HLM systems

� Next meeting will be held at J-PARC on this Dec. with participants from China, 
Korea and India

2nd : Daejeon

3rd : Beijing

4th : Osaka

5th : Seoul
1st :Tokyo

6th : Xian
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Relationship with EUROTRANSRelationship with EUROTRANSRelationship with EUROTRANSRelationship with EUROTRANS

Initiative Issues
Fiscal Year

2012 2020 2030 2050

Japan
Reactor 
Physics

EU/Japan Materials

Japan/EU Accelerator

EU
Functional 

Test

EU Verification

Experiments for MA loaded coreBasic R&D

MEGAPIE、
PSI、
LANSCE

Target Experiments
（J-PARC can be used）

Continuing
Irradiation?

Materials for ADS Basic R&D

SC-LINAC Technology

XT-ADSEUROTRAN
S

Verification of ADSDesign, R&D

EFIT

Verification of Transmutation

Design

Experience, MA Fuel Irradiation

FCA/KURRI J-PARC TEF

� Complemented R&D : Advanced Test by XT-ADS in EU and Basic Research by TEF/KUCA in Japan

� Practical use of existing facilities must be considered for material developments

� Complemented R&D : Advanced Test by XT-ADS in EU and Basic Research by TEF/KUCA in Japan

� Practical use of existing facilities must be considered for material developments
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Physics model in PhitsPhysics model in PhitsPhysics model in PhitsPhysics model in Phits

neutrons protons hadrons
,..,,, ΣKµπ

nucleus
photons

electrons

JQMD

���� JAM, Hadron cascade model  �

In progress

only transport

with dE/dx (SPAR, ATIMA)

200 GeV 200 GeV 200 GeV

100 GeV/u 100 GeV

1 GeV

1 keV

10 MeV/u
1 MeV1 MeV

20 MeV

(JQMD)
(Bertini)

(JQMD)
(Bertini)

(JQMD)

thermal 0 MeV 0 MeV 0 MeV/u

���� GEM,    Evaporation process                      �

���� SPAR, ATIMA,  Ionization process      �

nuclear data

ACE format

nuclear data

ACE formatE
n
e
rg

y

Refer to http://phits.jaea.go.jp/Developed by JAEA, RIST, KEK and Chalmers Univ.

A “Japan made” transport code will be prepared within next mid-term
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SummarySummarySummarySummary

Impact of P-T technology introduction

� Waste can be reduced by separating HLW and P-T can prolong lifetime of waste repository

� Transmutation by power reactor is not easy (Especially in France, it’s not expected)

J-PARC Transmutation Experimental Facility

� Design works continues focusing on MA-fuel handling and Multipurpose use

� R&D activities alined with FFAG-KUCA has been performed

R&D Frameworks to promote P-T with ADS

� National review recommends P-T should be studied as a part of power generation cycle

� Domestic and International collaborations (OECD nations and asian sector) is underway

ADS studies at JAEA

� Pb-Bi Target/Cooled ADS has been studied as a primary candidate 

� Issues concerning fuel, structure, material, neutronics and accelerator has been studied
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Uranium DemandsUranium DemandsUranium DemandsUranium Demands

� World electricity demand forecast（Assumed 100-million 
kW/unit） by OECD/NEA outlook 2008

- Lower case: Replacement only before 2030, 14 units replacement + 9 
new units from 2030 to 2050

- Higher case: Replacement + 14 new units before 2030, 54 (14replace + 
40new) units/year at 2030 ~ 2050

� Uranium Market (Price) 

- After 2006, price saturates around 46$/kgU ~ 56$/kgU

� Uranium Resources

- Known resources 4.54 Million tons (<80$/kgU) and 5.47 Million tons 
(<130$/kgU)

- Unknown resources 10.50 Million tons

- U in Phosphorus ore 22.0   Million tons  (1979, USDOE evaluation)

� Uranium Demands

- Assumption: All NPP at 2050 applies once-through cycle and use 
175tU/yr/100-Million kW

- U consumption at Higher case : 0.25 Million tons/yr

- Total U consumption up to 2050 : 5.40 Million tons/yr 

Even in Higher case (NPP increase 3 times more!) by once through cycle, 
we can use more than 100 years by known uranium resources.


