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JAEA R&D Review 2006 

 

Message from the President 

 

1  Research and Development of Advanced Nuclear System 

1  Toward the Commercialization of Fast Reactor Fuel Cycle Systems                                                  10 

2  Fast Reactor System with Promise as Major Energy Source                                                        12 

- Design Study of JAEA Sodium-Cooled Fast Reactor (JSFR) - 

3  Smooth and Calm Flow in a Compact Reactor Vessel                                                             13 

- Flow Optimization in a Compact Sodium Cooled Reactor - 

4  Vibration Characteristics of Piping Excited by Turbulent Flows                                                      14 

- Flow-Induced Vibration of Large Diameter Piping System under High Flow Velocity Condition - 

5  Research and Development of Advanced Aqueous Reprocessing and Simplified Pelletizing Fuel Fabrication                15 

- Fuel Recycling System (Reprocessing and Fuel Fabrication) for the Next Generation - 

6  Solvent Extraction of Actinide Elements in New Extraction System for TRU Recovery (NEXT)                            16 

- Development of Advanced Reactor Fuel Reprocessing - 

7  Establishment of a Remote Fabrication Technique Making Fast Reactor Fuel from Excess Minor Actinide                  17 

- Development of Fabrication Technique for MOX Fuels Containing Americium - 

8  Search for the Way to Nuclear Power Sustainability                                                               18 

- Fast Reactor Cycle Deployment Scenario Analysis - 

9 Finding Promising Fast Reactor Cycle Concepts from Multiple Viewpoints                                              19 

- Multidimensional Evaluation of Fast Reactor Cycle Systems - 

10  Probabilistic Safety Assessment Study of Fast Reactor Cycle                                                      20 

- Development of World's First Safety Evaluation Method for the Entire Fuel Cycle - 

11  System Start Up Test of the Prototype Fast Breeder Reactor MONJU                                               21 

- From the Achieved Test Results (Criticality Test to Power Up Test (40 % Power)) - 

12  Prediction of Unplanned MONJU Shutdown Frequency                                                           22 

-Reactor Trip Frequency Prediction Using Fault Tree Analysis Method - 

13  An Advanced Transport Cross-Section Collapsing Method for Three Dimensional Transport Code Was Developed          23 

-MONJU Core Neutronics Analysis Method Upgrading Research - 

14  Personal Computer Plant Simulation in 1/1000 Real Time                                                        24 

- Validation of Versatile Plant Simulation Code - 

15  Study of Fast Breeder Reactor Safety with Laser                                                                25 

- Fuel Failure Detection System by means of Laser Resonance Ionization Mass Spectrometry - 

16  Development of Multi-Functional Reprocessing and Utilization of Separated Elements                                26 

- Establishment of Advanced Separation Process Using Pyridine Resin - 

17  Viewing Inside an Irradiated Fuel Assembly                                                                    27 

- Development of a Non-Destructive Post-Irradiation Examination Technique Using High-Energy X-ray Computer Tomography - 



 

2 Research and Development on Geological Disposal of High-Level Radioactive Waste 

1  R&D Supporting the Technology and Reliability of Geological Disposal in Japan                                        28 

2  Development of a Novel Knowledge Management System for Geological Disposal                                     30 

- Fundamental Concepts and Implementation Plan - 

3  Development of Reliable Databases for Safety Assessment of High-Level Radioactive Waste Disposal System              31 

- Database Development for Radionuclide Migration Analysis -    

4  Development of Low Alkaline Cement                                                                          32 

- Study on Workability of Low Alkaline Shotcrete - 

5  Prediction of Long Term Changes at Barriers                                                                    33 

- Development of a Coupled Thermo-, Hydro-, Mechanical, and Chemical Model - 

6  Study Plan for Performance Assessment of High-Level Radioactive Waste Geological Disposal (5-year Plan)               34 

- For Development of Technical Basis for System Performance Assessment in Implementation Phase - 

7  Imaging Crustal Magma beneath an Active Volcano and the Generation of High Temperature Hot Springs in a Non-Volcanic Region                                                                                                       

35 

- Magnetotelluric Modeling in Naruko Volcanic Region and Kii Peninsula - 

8  Paleo-Hydrochemical Conditions Recorded in Calcite                                                             36 

- Long-Term Stability of Geochemical Environment Deep Underground - 

9  Study of Environmental Disturbance by an Underground Facility                                                    37 

- Estimate of Hydrochemical Disturbance Resulting from Drift Excavation - 

10  Magnetotelluric Survey of 3-Dimensional Distribution and Hydrogeological Properties of Faults                         38 

- Development of Techniques for Investigating Geological Environment - 

11  Saline Concentration Indicates Groundwater Flow                                                               39 

- Relationship between Saline Concentration Distribution and Groundwater Flow in Sedimentary Rock - 

12  Detecting the Stress Distribution of Deep Sedimentary Rock in Northernmost Japan                                   40 

- Construction of a Dynamic Model of Tertiary Siliceous Rock Based on Laboratory and In-Situ Measurement - 

13  Results of Transuranium (TRU) Waste Disposal Studies                                                          41 

- From the 2nd TRU Progress Report - 

 

3 Nuclear Fusion Research and Development 

1  For Practical Use of Fusion Energy                                                                             42 

2 Prospects of Reduced Cost of Electricity from Fusion Power Plants                                                   44 

- Energy-Saving Operation for Fusion Power Plants in JT-60 - 

3  Insulator Generated in High-Temperature Plasma                                                                45 

- Anomaly of Current Profiles Observed in JT-60 - 

4  Mechanism of Confinement Improvement in Tokamak Plasmas                                                    46 

- Control of Turbulent Transport by Zonal Flow Modification - 

5  Image of Radiation from 1/4 of a Donut Plasma                                                                 47 



- Development of an Infrared Imaging Bolometer in JT-60U - 

6  Concept for a Reduced Cost Fusion Reactor                                                                     48 

- Compact Reactor Allowing Early Realization of Fusion Power - 

7  Achievement of 1000 s High Power Radio-Frequency                                                             49 

- Establishment of Gyrotron Technology for Stable &amp; Steady State Operation - 

8  Reduction of the Heat Load on Acceleration Grids in the Negative Ion Based Neutral Beam Injector                      50 

- A Step Toward Long Pulse Beam Injection - 

9  Uniform Production of H- Ions in a Large Ion Source                                                              51 

- Technology for High Power Neutral Beam Injection System - 

10  Pioneering Material for ITER Superconducting Wire                                                              52 

- Success in Mass Production of High Performance Nb3Sn Strands - 

11  New Stainless Steel for High Performance Superconducting Coil                                                   53 

- Development of ITER Central Solenoid Conductor Conduit Material - 

12  Compact Fusion Reactor Using Advanced Shield Materials                                                       54 

- Application of Hydrogen-Rich Hydride to the Shield of Fusion Reactor - 

13  Measurement of Hydrogen Depth Profile Using Fast Neutrons                                                    55 

- Materials Analysis with Deuterium and Tritium Fusion Neutrons - 

14  Accelerator Development for International Fusion Materials Irradiation Facility(IFMIF)                                 56 

- A Key to Strong, Steady Beam Acceleration is Precise Radio-Frequency Property Adjustment - 

15 R&D of New Detritiation System Using Bacteria                                                                  57 

- Incubating Tritium Oxidizing Bacteria from the Forest Soil - 

 

4  Quantum Beam Science Research 

1  Pioneering R&D of Quantum Beam Technology                                                                  58 

2  Hydrogen Separation by Nano Hole Ceramics                                                                   60 

- Development of Heat and Corrosion Resistant Hydrogen Separation Silicon Carbide Based Membrane - 

3  Development of New Monitoring Technology for the Utilization of Hydrogen as a Clean Energy Source                    61 

- Optical Hydrogen Sensors Using Gasochromic Phenomenon - 

4 Novel Technique for Characterization of Chemical Modification of Internal Surface of Nano-Pores                         62 

- Fabrication of Functional Polymer Materials Using Ion Beams - 

5  Confirming Cost Estimations of Uranium Collection from Seawater                                                  63 

- Assessing High Function Metal Collectors for Seawater Uranium - 

6  Elucidation of the Gene Activation Mechanism and Application to Visualization of DNA Strand Breaks                     64 

- DNA Repair Promoting Protein PprA - 

7  Plants Become More Tolerant to Ultraviolet (UV) Light by Increasing Nuclear DNA Content                              65 

- Discovery of Novel UV Resistance Mechanism in Plants - 

8  Elucidation of the Mechanism of Granulocytopenia Drug                                                           66 

- Tertiary Structure Analysis of Human GCSF with its Receptor - 



9  Observation of Electronic Structure Utilizing Synchrotron Radiation X-rays                                            67 

- Electronic Excitations by Resonant Inelastic X-ray Scattering - 

10  Residual Stress Measurement of Internal Materials Using Synchrotron Radiation                                     68 

- Stress Analysis Technique with a New Strain Scanning Method - 

11  Synchrotron X-rays Revealing Crystal Growth Front at the Atomic Level                                             69 

- Monitor for Gallium Arsenide Growth Using Synchrotron X-rays - 

12  Attempt to Control Quantum Dot Size                                                                         70 

- Measurement of the Number of Atoms in a Nanocluster - 

13  Toward a Practical Small Proton Cancer Therapy Machine                                                        71 

- Discovery of Optimum Conditions for Laser Driven Proton Acceleration - 

14  Quasi-Monoenergetic Electron Beam Generation by Using an Intense Laser Pulse                                    72 

- High Quality Electron Beam Source by Laser Acceleration - 

15  Demonstration of Ultrafast Selective Excitation with Quantum Interference                                          73 

- Toward a New Method of Isotope Separation - 

16  R&D of High Power Neutron Sources                                                                         74 

- Micropit Formation by Pressure Wave in Mercury Target - 

17  Development of High Performance Neutron Supermirror                                                         75 

- For Higher Fluxes at the Spallation Neutron Source of J-PARC - 

 

5  Nuclear Safety Research 

1  Role and Scope of Nuclear Safety Research                                                                     76 

2 Toward Risk-Informed Safety Management of Nuclear Fuel Facilities                                                 78 

- Development of Probabilistic Safety Assessment Procedures for MOX Fuel Fabrication Facilities - 

3  Safety Evaluation of Long-Term Irradiated Light Water Reactor Fuels                                                79 

- High Burnup Fuel Behavior in a Reactivity Initiated Accident - 

4  Is Safety Maintained in Loss-Of-Coolant Accident even with Long-Term Used Fuel?                                   80 

- Evaluation of Light Water Reactor Fuel Behavior under LOCA Conditions - 

5  Analysis of Rod Failure Mechanism in Accident Conditions                                                         81 

- Development of the RANNS Code -  

6  Verified Effectiveness of Pressurized Water Reactor Severe Accident Management                                     82 

- Even When Break Is at the Worst Location in PWR Primary Coolant System - 

7  Evaluating the Risk of Steam Explosions                                                                        83 

- Simulation of Fuel-Coolant Interactions - 

8  Containment Protection Using Natural Force                                                                    84 

-Experiment Using Horizontal Heat Exchanger for Passive Containment Cooling System (PCCS) - 

9  Evaluating the Failure Probability of Aged Piping under Seismic Motion                                              85 

- Structural Reliability Evaluation of Aged Components in Nuclear Power Plants Based on Probabilistic Fracture Mechanics (PFM) - 

10  Safe and Efficient Criticality Control of Spent Fuels                                                              86 



- Development of Calculation Code and Database for Burnup Credit - 

11  Durability of Vitrified Concrete and Incinerator Ash                                                              87 

- Checking for Dissolution of Vitrified Radioactive Waste Form in Disposal Environments - 

 

6 Advanced Science Research 

1  Advanced Basic Research to Create the Future                                                                  88 

2  Investigation of Stability of the Nucleus through Deformed States                                                   89 

- Observation of Rotational States in the Neutron-Rich 250Cm Nucleus - 

3  How Far Does the Area of Superheavy Elements Extend?                                                          90 

- Decay Modes of Heavy and Superheavy Nuclei - 

4  First Identification of Quantum States in Superheavy Nuclei                                                        91 

- Nuclear Structure Studies for Superheavy Nuclei through α-γ Spectroscopy - 

5  Investigation of New Plutonium-Based Superconductor                                                           92 

- Identification of Exotic Superconducting State by Nuclear Magnetic Resonance - 

6  Magnetism of Plutonium-Metal Probed by μSR                                                                 93 

- An Unsolved Problem of Solid State Physics - 

7  New Surface Structures Found with Bright Positron Beam                                                         94 

- Surface Dynamics Revealed by Positron Total Reflection - 

8 Mineralization of Uranium by Yeast                                                                            95 

- Elucidation of Mechanism of Uranium Mineralization by Microorganism - 

 

7  Nuclear Science and Engineering Research 

1 Formation of Basis for R&D on Nuclear Energy, and Creation of Innovative Nuclear Energy Utilization Technology          96 

2 Predicted Two-Phase Flow Behavior in Nuclear Reactors                                                          98 

- Development of Detailed Two-Phase Flow Simulation Method - 

3 Development of Organic Material for the Recovery of Transuranium Elements                                         99 

- The Novel Strong Ligand, Diglycolamide, for Total Recovery of Minor Actinides - 

4 Preparation of Nitride Fuel in the Pyrochemical Reprocessing of Spent Fuel                                          100 

- Technological Development of Renitridation of Plutonium Recovered in Liquid Cathode - 

5 Investigations of Irradiation Assisted Stress Corrosion Cracking (IASCC) Behavior for Reactor Materials                  101 

- Achievement of In-Pile SCC Tests at JMTR - 

6  Distribution Maps of Anthropogenic Radionuclides in the Japan Sea                                                102 

- Transport Processes of Radionuclides in the Japan Sea - 

7  DARWIN                                                                                                 103 

- Dose Monitoring System Applicable to Various Radiations with Wide Energy Ranges - 

8  Towards Treatment of Toxic Materials and Utilization of Radioactive Wastes                                         104 

- A Novel Method for Non-Toxic Treatment of Cr (VI) Wastes by Using Ionizing Radiation - 

9  Towards Reducing Tritium Concentration in the Hydrogen Produced by Very High Temperature Reactors                 105 



- Permeability of Hydrogen of Operating Reactor Measured for the First Time - 

10  Progress in Nuclear Production of Hydrogen                                                                   106 

- Successful Production of Ceramic Sulfuric Acid Decomposer Prototype - 

 

8  Nuclear Fuel Cycle Technological Development 

1  To Establish the Nuclear Fuel Cycle  108 

- Promoting Light Water Reactor (LWR) Nuclear Fuel Cycle Technological Development and Technical Co-Operation with Private 

Industry - 

2  Characteristics of HLW Generated from Future Cycles                                                           110 

- Perspectives on Application and Flexibility of Current Vitrification Technology for High Level Wastes (HLW) Generated from Future 

Fuel Cycles - 

3  Study on the Denitration Process of Uranyl Nitrate Solution by Microwave Heating                                   111 

- Uranium Powder Production Process from Uranium Nitrate Solution - 

4  Approach towards an Explication of the Corrosion Mechanism for Reprocessing Plant Instruments                      112 

- Investigation of Causes of a Failed Steam Jet and Improving the Jet Design - 

5  Development of Acidity Analysis without Reagents                                                              113 

- Determination of Acidity in Nitric Acid Solutions Containing Pu and U at High Concentration by Electric Conductivity Measurement - 

 

9  Development of Technology on Nuclear Cycle Backend 

1  Nuclear Facility Decommissioning and Radioactive Waste Management                                            115 

2  Simplification of Radiochemical Analysis Method for Safe Disposal of Radioactive Wastes                             116 

- Effective Pretreatment for Radiochemical Analysis of Solidified Products with Microwave Heating Device- 

3  Development of Decommissioning Engineering Support System (DEXUS)                                           117 

- Database and Dismantling Work Simulation System (VRdose) - 

 

10 Computational Science and E-Systems Research 

1  Promoting Innovation in Nuclear Energy with Computational Science                                               118 

2  Exploration of Room Temperature Superconductivity through the Super Strong-Coupling Superfluid Quantized Vortex      120 

- A World of the Room Temperature Superconductivity Revealed by Quantized Vortices in Atomic Fermi Gas - 

3  Assembly Structure Analysis of Extra Large-Scale Nuclear Plants                                                  121 

- Grid-Based Extra Large-Scale Structural Analysis by a Part Oriented Approach - 

4  Attempt to Overcome Quantum Many-Body Problem Limits with the Earth Simulator                                  122 

- Fast and Accurate Diagonalization of Enormous Matrix - 

5  Why Water Can't Be Heated or Cooled Easily?                                                                  123 

- A Molecular Theory for the Specific Heat of Water - 

6  Phase Property and Interaction Force of Pulsating Multiple Bubbles                                                124 

- Existence of an Unknown Characteristic Frequency Is Confirmed - 

7  Various Usage of Metal Ions by Living Organisms                                                               125 



- Prediction of Copper-Binding Proteins from Genome Sequences - 

8  A Computational Method to Predict RNA Interface Sites on Protein                                                126 

- Research in Structural Bioinformatics - 

9  Bubbles' Hidden Complexity                                                                                 127 

- An Anomalous Phenomenon “Avoided Crossing” Has Been Found in Bubbles Interacting through Sound - 

 

11  Scientific &amp; Technical Development for Nuclear Nonproliferation 

1  Direction of Scientific &amp; Technical Development for Nuclear Nonproliferation                                    128 

2  Exchange of Remote Monitoring Information for Transparent Nuclear Materials Utilization                             130 

- Development of Remote Monitoring Technology for Nuclear Nonproliferation and Transparency - 

3  How Can Weapons Plutonium Be Disposed of Safely and Effectively?                                               131 

- Research into Russian Surplus Weapons Plutonium Disposition -  

4  Development of Analysis Method for Burnup and Generated Amount of Plutonium by Measurement of Dissolver Off-Gas at 

Reprocessing Facility                                                                                          132 

- Evaluation Technology for Burnup and Generated Amount of Plutonium by Measurement of Xenon Isotopic Ratio - 

5  Determination of Small Amounts of Plutonium in Highly Radioactive Liquid Waste                                    133 

- Development of a Simple Inspection Technique Using Spectrophotometry -  

 

12  Development of Experimental Techniques/Facilities at JAEA R&D Centers 

1  Representative Point Calibration Method” for Efficiency Calibration of Radioactivity Measuring Instrument                135 

- Development of a Method for Determining Radioactivity in Samples of Various Shapes - 

2  Development of Human Dosimetry Technique in Criticality Accidents by Combined Use of Small Dosimeters              136 

- Speedy and Accurate Notification of Dose Information for Radiation Emergency Medicine - 

3  Contribution to Leading-Edge Medical Technology                                                              137 

- Development of a Supporting System for Boron Neutron Capture Therapy -  

4  More Precise Measurement of Fuel Temperature Distribution in HTTR                                             138 

- Development of HTTR Fuel Temperature Estimation Model - 

5  Remote Handling Techniques for Irradiation Assisted Stress Corrosion Cracking (IASCC) Study                         139 

- Assembling of Irradiated Specimens in Capsule - 

6  Neutronic Evaluation for Irradiation Tests of JMTR                                                               140 

- Accurate Evaluation of Tritium Production - 

7  Cyclotron Beam Stabilization Technique                                                                       141 

- Improvement of Beam Quality for Microscopic Irradiation - 

8  Construction of an Underground Research Laboratory Fully Underway                                              142 

- Research and Development of Geological Disposal Technology - 

9  High Sensitivity Measurement of Iodine-129 by Accelerator Mass Spectrometry (AMS)                                143 

- New Technique Has Shorter Processing Time, Higher Precision and Higher Sensitivity than Neutron Activation Analysis (NAA) -  

 



R&D Centers of JAEA 

Japan Atomic Energy Agency - Outline of Organaization - 

Colophon 
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Appropriate concept of commercialization of the FR 
cycle and the R&D programs leading up to the 
commercialization in approximately 2015 

FS Phase Ⅰ (JFY 1999～2000) 
◆Setting of development target (performance target) 
◆Wide-ranged comparison & evaluation of various option

Check & Review

Check & Review

Check & Review

Interim summary 
(end of JFY 2003)

JFY 2006～
◆Elemental experiments and research aiming at the evaluation 
　of the applicability of innovative technologies
◆Conceptual design study on an innovative plant system
◆Elemental experiments and research on the adopted innovative 
　technologies
◆Optimization study on the conceptual design of an innovative plant

FS Phase Ⅱ (JFY2001～2005)
◆R&D of technologies necessary for feasibility evaluation of candidate 
　concepts
◆Selection of promising concepts for commercialization 
　・Creation of concepts
　・Making the principles for prioritization
◆Drawing up R&D program for propose
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Year
2100 2150

Pu recycling in FR
＊Total conventional uranium resources = 
Known conventional resources + 
Undiscovered conventional resources
(Source: Uranium 2003)

10% of total conventional uranium 
resources* (1.44 million ton)

5% of total conventional
uranium resources* 
(0.72 million ton)

(million ton U)

LWR once-through

Pu recycling in LWR
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Secondary pump

Steam
generator

Reactor vessel

Integrated intermediate
heat exchanger

with primary pump
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The 1st stage The 2nd stage The 3rd stage 
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(～2015)
(～2050)

MONJU
・Demonstrating reliability as an operational power plant, establis handling technology
・Utilization as a location for research and development activities toward commercialization 
　　　　　　　of FBR and its fuel cycle technology

Elemental experiment scale
Scale on which a perspective of 
commercialization can be gained Commercial scale

Development of technical schemes Demonstration of innovative 
technologies

Promotion of demonstration
◇Development of decisive data for 
　applicability of commercial facilities
　　R&D of elemental technologies on 
　　innovative technologies

◇Presentation of the 
　commercialization concept
　　Conceptual design study by 
　　reflecting the experimental 
　　data on elemental technologies

◇Presentation of an R&D program 
　leading to commercialization
　　Conduction of design study of 
　　the demonstration test 
　　facility and specification of 
　　the test contents

◇Gaining a clear view of the achievement 
　of an innovative technology 
　demonstration and development goals 

　　Tests and operations using 
　　the demonstration test 
　　facility (Reactor and Fuel cycle)

◇Confirmation of the achievement 
　of development goals

　　Confirmation of economics 
　　and reliability as commercial 
　　facilities 
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Secondary pump

Steam generator

Reactor vessel

Integrated intermediate
heat exchanger with

primary pump

Inspection and repair technology
under sodium

Prevention of sodium chemical reaction

Enhancement of reactor core safety

Oxide dispersion strengthened
(ODS) steel cladding tube for

high burnup

Reduction in material amount and
 volume of the building through 

the adoption of innovative 
technologies

･ Two-looped arrangement for a 
simplified plant system
･ High-chromium steel structural 

material for shortening piping 
and heat transfer tubes
･ Integrated intermediate heat 

exchanger with primary pump 
for a simplified primary cooling 
system
･ Compact reactor vessel

･ Passive reactor shutdown system and decay heat removal by natural circulation
･ Core concept preventing re-criticality after core damage

･ Complete adoption of a double-walled piping system
･ Steam generator with straight double-walled heat transfer tubes
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SpecificationsItems

Sodium cooled loop type reactorReactor type

1500MWe/3530MWt
Electricity/Thermal 
output

2Number of primary loops
HL:550℃, CL:395℃/HL:520℃,
CL:335℃

Primary/Secondary 
sodium temperature

26 months, 4 batchesCycle length
MOXFuel type
FAIDUS type fuel subassembly 
homogeneous two region core 

Core type

Approx. 147GWd/t　/　1.1Burn-up/Breeding ratio

Integrated with primary pump Intermediate heat 
exchanger(IHX)

Double-walled straight tube typeSteam generator
DRACS×1＋PRACS×2
(total:69MWt)

Decay heat removal 
systems

60yearsPlant life length

• HL/CL : Hot Leg/Cold Leg

• FAIDUS : Fuel Assembly with Inner Duct Structure

• DRACS : Direct Reactor Auxiliary Cooling System

• PRACS : Primary Reactor Auxiliary Cooling System
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Dipped heat 
exchanger
(DHX)

Cold 
Trap
(C/T)

Hot Leg
(H/L)

Opening 
for FHM

Column
type UIS

Upper plenum of reactor vessel
Vessel diameter: c.a. 10m, 
Power: 1,500 MWe

Control rod 
guide tube

FHM

Cold Leg
(C/L)

Dipped 
Plate
(D/P)

UIS slit

Guide tube for 
fuel exchange 
machine

Cover gas 
area

Core

Free surface

(1) Flow visualization of gas entrainment due 
　　to dimple vortex in the water experiment

(2) Example of numerical analyses: Application
 　　to a basic experiment for dimple vortex

Free surface

Dimple vortex

Entrained gas

Downward flow

FHM Plug

B/P-1

B/P-2

B/P-3

B/P-4

B/P-5

D/P

Guide tube for fuel exchange

Plug height: (1) D/P
Velocity fields in vertical cross section

(2) UIS middleCamera 
angle

FHM Plug

Guide tube for  
fuel exchange

Relative value  
to core outlet  
flow (1.6 m/s)

C/L

C/L

C/L
C/T

C/T

DHX

H/L

H/L

UIS slit

UIS Slit

 Baffle Plate

0.00

0.47
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Flow velocity field was measured in the 1/10 scaled 
water test model of the reactor vessel. The FHM plug 
at middle height could change the flow direction and 
reduce the velocity near the free surface.  Particle 
Image velocimetry was applied to get the detailed 
flow velocity fields.
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The primary cooling system consists of the reactor vessel, 
integrated intermediate heat exchangers (IHXs) with pumps, and 
large diameter piping (one hot leg piping and two cold leg 
pipings in each loop). The primary piping penetrates the roof 
deck of the reactor vessel (“top-entry system”), and is made with 
high chromium steel which has high strength and low thermal 
expansion, so that it can be shortened. As a result, a compact 
plant layout has been achieved. ��������　���������	
���	���
����������������������������
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The advanced aqueous reprocessing process reduces the amount of aqueous and organic solutions processed in the following 
extraction/stripping process by the partial separation of uranium (U). Co-extraction and co-stripping of U, neptunium (Np) and 
plutonium (Pu) eliminate the need for separate partitioning of Pu and purification of U and Pu. Moreover, these fuel products with low 
decontamination will aid in proliferation resistance.
For adjustment of Pu/(U+PU) ratio, a simplified pelletizing process replaces powder mixing with mixing of solutions: U, U/Pu and minor 
actinides (MA) solutions. Lubricant-free pelletization and remote fuel fabrication in a cell for producing low-decontamination fuel 
assemblies and for recycling MA are adopted.

���������

���������	
����
������
����������
�����������	
����
������������
��	�	�	������������	�

��
����������������
��������	�
���	��－�������Ⅱ��������
������－������������	�
��
����������	����������������	�	�
�
��

Disassembling/ 
Sheering

Dissolution

Crystallization

Extraction/Stripping

Adjustment of  
Pu/(U+Pu) ratio

Denitration/ 
Conversion/ 
Granulation 
 

Assembling of MOX fuel  
containing MA

Minor actinides  
(MA) recovery

Pelletizing/Sintering

������������	
����
������������

	
�������������	
���
�������
�
������
���������	��

��� ����������	
�����
����	������
��	��
�����������	
������
��
��������	�
������		�
���������	������������



16　JAEA R&D Review 2006

Research and Development of Advanced Nuclear System

　�������������	
��
��������������������������������	
��
���������	
����
�������
����	������������������	�
����

���������	
��
���������������������������������	
������	��

��������	�
����
�������������
���������������	
���
�
�
��	����

������������	
��
����	
���������������������	
��	�
����
��

���������	
����
����	�������
���
������������	
	������
�

���������	�
�	����
����������������
���������	
����
��
�

���������	


　���������	
���
���������������������������������������	
���
������������	
���
�������
�
��
����
����������	
���
���	
�

���������	��
����
�����
�����
	��������������������	
�������

���������	
�������
�����
�
����
��������������	
���������
��

��������	
��
��	
������
�����������
�������������	��
������

　��������	�
�������
������
�	������������������	
�
����������	
�������
���������
����������������	���
��	���

������������	
����
�
��	�
�������	��������������	�	�
���

�

������������	
�������
��������������������������	�
���	���	
�

���������	
�	��
��
������
��	�����	����������	
����
���������

���������	
���
��
�����
��������������������������	��
����

�����������		
������
����
	���
����	����������	��
�������
����

������������	
��
�
��
�������
���
�����������	�
���
�	�
����
�

�������������	��
�������
��������������������		
�����	��
�	��

��������	�
�
�	�

　���������	
��
	����
��
�������
��
	����������	��
����
���������	
��
�
������
����������������������	
���
�����	��

��������	
���
��
��
������
����������������������	���
���
���

���������	�
��	�������
����������������������	�������
��	�
�	

���������	
���
����
��	���	��������
����������	��
�

�������������	
��
�����������	
���
�
�������
��
������

���������	�
��
��
�����

���
�����������������	
����
��������

�����������	
���
��������������	���������������	
����
�

����������	
�
��	�
����
��
	�
�����������������	
��
	
�
���

����������	
���	���
��������������	
����
����	������	����

��������	���


���������

�����������	�
����	��
������������������������	
��	�
�	�	��������
��������������	��
��－��������	
���
����	�����������	�������������������	�
��	�
��
����������	��
����

����	��
���

������������	
���－������������	
���
��������	��������������������	�
�

��������　���������	�
��
������	�
��	���
Centrifugal contactors separate organic phase from aqueous 
phase by centrifugal force. These have large throughput and low 
degradation of solvent in comparison with mixer-settlers because 
residence time is very short.
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The NEXT process is a simplified conventional PUREX 
process aiming for economic competitiveness. MAs are 
recovered and loaded as MOX fuel of the advanced reactor for 
efficient utilization of resources and low environmental impact.
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All apparatuses for fuel pin fabrication are placed in hot 
cells, and can be operated by remote control.
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Schematic flow of main process was illustrated on 
fuel pin fabrication.
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Homogeneous and dense pellet could be fabricated by 
optimizing the moisturized condition.

Pellet fabrication 
apparatus

Pin fabrication-inspection
           apparatus

Law material
storing area

Scale-density 
measurement device

Pin fabrication-inspection apparatusSintering furnacePre-sintering furnace

Grinding  machine

Powder feeding device
（weighting machine）

Crank and rocker
mixing machine

Hydraulic pressure
pressing machine

Pin inspection stage

Pin welding device X-ray radiograph 
examination apparatus

He leak inspection
device

Humidity from sintering start
1700℃×3hr then stop humi.
Heating: 400→200℃/hr
Cooling: 200℃/hr

Humidity all during sintering

Heating：400→200℃/hr
Cooling：400℃/hr

Stop humidity When cooled to 
800℃
Heating： 400→200℃/hr
Cooling： 200℃/hr
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Temperature : 1700℃
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Added moisture :
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Pin welding
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※1　Accumulative demands up to 2300 when the shift to Water-cooled 

reactor from LWR will be complete
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Promising technologies are developing for the nuclear power 
plant, reprocessing, and fuel fabrication of the FR cycle. FR 
candidate concepts consisting of a combination of these 
technologies are proposed.
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The weight given to these five evaluation viewpoints by the 
general public, the electric utilities, and the academic experts 
was determined from questionnaire.
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A higher value on the vertical axis indicates concepts with higher 
attainment of the five evaluation viewpoints: Economics, Environmental 
Burden Reduction, Efficient Utilization of Natural Uranium Resources, 
Nuclear Proliferation Resistance, and Technical Feasibility.
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Six FR cycle candidate concepts which have combined the FR cycle fields 
of reactor and fuel cycles.

①Sodium-cooled + Advanced aqueous + Simplified pelletizing (MOX Fuel)
②Sodium-cooled + Advanced aqueous + Vibro-packing (MOX Fuel)
③Sodium--cooled + Metal electrorefining+ Injection casting (Metal Fuel)
④Pb-Bi-cooled + Advanced aqueous + Simplified pelletizing (Nitride Fuel)
⑤He gas-cooled + Advanced aqueous + Coated particle (Nitride Fuel) 
⑥Water-cooled + Advanced aqueous + Simplified pelletizing (MOX Fuel)
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JFY2001 
to 2003

JFY2004 
to 2005

Design
options

Reactor

Large

Medium

DHRS : Decay Heat Removal System
IRACS : Intermediate Reactor Auxiliary Cooling System
PRACS : Primary Reactor Auxiliary Cooling System

Based on the PSA result, DHRS and steam generators 
were replaced with the better ones in order to attain 
the targeted core damage frequency.

DHRS

IRACS

PRACS

Steam generators

Double-wall tubes

Single-wall tubes

Reactor

Large

Medium

DHRS

PRACS

PRACS

Steam generators

Double-wall tubes

Double-wall tubes

Double-wall tubes

Target risk level in safety design

Total risk

Criticality and intact
HEPA filter

Criticality and HEPA
filter damage

In-cell leakage and
boiling of solution

including MA

In-vessel boiling of
solution with high heat

generation
In-cell fire of leaked

organic solvent

The cancer fatality risk to an individual at the maximum
radioactive exposure point at the time of accidents

(a.u. normalized by the target risk)

①

②

③

④

⑤

10-10 10-8 10-6 10-4 10-2 1

�����������	
��
��
����
��
�	
����	�
���������	
���
��
���
�
����������	�
���

��

��������������	�
���
�	�����������	��	������������	
������
���




JAEA R&D Review 2006　21

Research and Development of Advanced Nuclear System

　�������������	
���������
��������������������	

��
�������������	��
�����	���
���	����������������	
�����
��
���������	��
������
�����������	������������	���
��
������
��
�����������	
��

����
�������	��
�������������	
����
������
��������	
�����	
����������������������������	�
	�	���
��		��
���������	
��	
	���
���	
��
������������������	�
���
����
��������
　��������	��	
���	
�
�
�����
����	��������������	�
���
���	
�
��������	
��������
���������������������������	
���
��
�����������
���������	
���������
��������
����������������	���
�	��
　������������	�
��

������
��������������������	
�����
�
����
��������	
����
�����
����
�������������������	
��������
�����������	
�����
���������������	��������������	���
����
��������	
�������
����������	���


���������	
���
����	�
��������	
�����

���
����
����
���
�����������	�
�������
��
������������	
�	����
�
���
���
����������������	���
�	��
���������	
�������
��������	�������
����������	�
��
�
���������	
���
�
　����������	
��������
��������������	���������	�
���	��
���	�
��
�����������	
���
�����
�
�����
��
������������	�
��

���������
�����������	
����
����
�����������������������	
��������	���
���������	��
����
����������
�
　������������	
������
	
��
�	�����

	���������	
�������
���
���������	
��
　��������	
���
��
����������������
������������	
��
�

��������	
��

���
���������

���
��
��������	�
	������
�����������	��������
������
�����������������	
���
�
�
��������	
������

�	�����
��
��
������
　����������	
�
��
������	
���������
�����������	
���
�
����������	
�����������	�

�
	������������������	
�������	
�
���������	
�������	�

	��
���������
���������	�
�
��
�
�����������	
�����
���������
���
�����������������	
����������
����������		�
�������	�	����
�����
���������������		�
��������
����������	
���
����
����
���������������������	
������
�
��������	
�	����

���
����
��
������������������	
������
�
��������	
�	����

���
�����
��������������������	
����
����
　��������������	�
��������
��
	�����
����������	�����	��
�����������	�
������
�����������������������	
��������
������
�������������	��
�	���������
����������������	
�����
	��������
�����������	��
������
������

����
����������	�
�����
�
��������	
��
	����
	���������	��	�����������
　����������	
��������
��
�������
�����������������	�
��
��������	
��������
��������	

�
�������������	
���
�����
��������	
����
�
��������
����������������������	
����
����
�
���������	�
�������
���������
�	�������������	
���
����	�
　��������	
���

����������
����	�	��������������
������������	�
��	
������
��
�
���������������	�
��
������	�
�����������	
������

�������������������������	
����
�
���������	
���	
�	
����	����������	����������	�
�������
������
���������	
���	��	��
��	�	�

��������　��������	
��

�
����
��������
�
��
The heat from the reactor is transferred through the primary 
and secondary cooling system to the evaporator and super 
heater which generates steam to drive the turbine generator. In 
this plant, liquid metal sodium is used as the coolant of the 
primary and secondary cooling system.
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In the nuclear power plant design, changes of plant condition (such 
as coolant temperature and flow rate) during supposed accidents or 
events are estimated by numerical analysis (Plant dynamic 
response analysis) for design validation. These test data from the 
actual plant should also contribute to future plant design because 
they will help to improve analyzing methods.
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Fault Tree development through clarification of causes of 
system component failures leading to reactor trip
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Countermeasures against the pump failures shown in 
Table1-3: Thermal convection restrainer prevents thermal 
deformation of the shaft. Argon gas blower prevents sodium 
oxide accumulation. 

R/V 
sodium 
level
low

PHTS 
flow 
rate 
low

PHTS pump rpm 
high/low

Ar-gas 
system

Over- 
flow 
system

Overflow tank

Check valve
EMP

Aux. cooling 
system

Lubricating 
oil system

Reactor 
trip

R/V liquid 
level
low

Na Temperature 
high at R/V outlet 

Overflow system 
function failure

Ar-gas system 
function failure

PHTS pump 
function failure

M-G set 
function failure

Check valve fail 
close

PHTS pump 
rpm high/low 

PHTS flow 
rate low 

Na temperature 
high at IHX outlet Na 

Temperature 
high at R/V 
outlet 

Na 
Temperature 
high at IHX 
outlet 

L F

T T

S

M G

Dominant failure of WS 

Turbine trip 

Main feed water pump failure 

Arithmetic control unit
Dominant failure of PHTS 

PHTS pump failure  

M-G set fluid coupling oil  
circulation pump failure  

Ar-gas compressor fail to run

Dominant failure of SHTS 

SHTS pump failure 

Electromagnetic draw  
pump failure 

Relay unit malfunction

Others 1%

WS 16%

STHS 43%

PHTS 40%
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Failures contributing to reactor trip, broken down by 
component
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This figure shows the difference of the effective multiplication 
factor (collapsing error), calculated by the conventional and 
advanced collapsing method, based on the 70 energy-group 
calculation as the reference.  The newly developed advanced 
method gives drastically negligible collapsing error, independent 
to the number of neutron energy groups (horizontal axis).
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This figure shows the difference of the neutron flux spatial distribution 
(collapsing error), calculated by the conventional and advanced 
collapsing method in 18 neutron energy groups, based on the 70 
energy-group calculation as the reference.  The newly developed 
advanced method gives improved coincidence with the reference 
calculation, especially in the core peripheral region (axial blanket).
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A turbine trip test was simulated by the NETFLOW code, modeling the 
first through the third loop of Monju. Important plant parameters are 
shown. Good agreement was obtained between test and calculation 
results over 10000 seconds.
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Simulation of sodium temperature by the shell and water / vapor 
temperature in tubes of steam generators at rated output using the 
NETFLOW code.  Agrees well with actual boiling behavior in the 
evaporator.
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The wavelength tunable YAG laser system ionizes the sample (Xe. 
here) by resonance excitation. The intensity of ions is analyzed by 
mass spectrometry.
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The RIMS system simultaneously detected both stable xenon nuclides 
and the radioactive nuclide (133Xe).
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The laser system radiates ultraviolet rays of 256 nm for Xe 
analysis and 217 nm for Kr analysis. The mass spectrometer 
ionizes and analyses Xe or Kr gas.
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Separation of FP(Ln), An(Ⅲ), and fuel (Pu) groups 
demonstrated.
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Two types of resins, gelated-type by suspension 
polymerization and porous-type supported by silica 
beads (60 μ m), were used in this study.
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Three step separation process for each element group.
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Separation of Am and Cm demonstrated.
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The wrapper tube, cladding, fuel pins and wrapping wire 
can be distinctly seen in this figure.
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This figure shows the longitudinal deformations of an irradiated 
fuel assembly. The deformations of the core fuel region are 
significant.
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X-rays generated by the accelerator are collimated in front of 
specimen. An X-ray detector measures the intensity of X-ray 
transmitted through the specimen. 
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R&D

Start of research at QUALITY('99)

Start of Horonobe
URL Project ('01)

H17 Report ('05)

Second Progress Report
(Technical Reliability)('99)

First Progress Report
(Technical feasibility) ('92)

Geoscientific research
at Kamaishi Mine ('88～'98)

Geoscientific research at
Tono Mine ('86～'03)

Start of R&D
Program

1976

1980

1992

2000

2005

2010

2020

2030

2040
Start of Mizunami
URL Project ('96)

Start of research
at ENTRY ('93)

"Specified Radioactive Waste Final Disposal Act" ('00)

※Nuclear Safety Commission of Japan

Establishment of NUMO as an
implementing organization ('00)

NSC※: 1st Report on the Basis
for Safety Standards of HLW
Disposal('00)

NUMO: 
Commencement of
Open Solicitation

(Dec. 2002)

Implementation

Concept of  geological disposal

Selection of disposal site

Construction & operation of
repository

Geological
environment

Engineered barrier
system

Overpack
(Carbon steel)

Host rock

Buffer (Bentonite)

Vitrified waste

URLs, R
elevant O

rganization's R&D Program
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JAEA’s R&D Facilities

Tono Geoscience Center
(Toki and Mizunami,

Gifu Pref.)

Horonobe Underground
Research Center

(Horonobe, Hokkaido)

●Horonobe Underground 
　Research Laboratory
　(Sedimentary rock)

●Engineering-scale Test & Research Facility (ENTRY)
●Quantitative Assessment Radionuclide Migration
　Experiment Facility (QUALITY) 

Cooperation

Relevant organizations

Nuclear Fuel Cycle Engineering
Institute (Tokai, Ibaraki Pref.)

●Mizunami Underground
　Research Laboratory 
　(Crystalline rock)

(Image view)

(Image view)

JAEA Knowledge
Management System

Regulations

Implementation

・Data
・Documents
・Software
・Experience and
　methodology
・Synthesis
・Guidance
・Presentation

QUALITY ENTRY

Knowledge base
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“The hierarchy of knowledge supporting a safety case”

“Structuring knowledge base 
 using a safety case concept”

Claim of
  safety

Purpose
  and context

Safety
  strategy

Assessment
  basis

Geological setting

Geological
  Environment

Long - term
  stability

Geochemistry

Geology
Hydrology

Evidence, analyses
  and argument

Sub-
  claim

Inference
  rule Analysis

Calculation
 results

Model

Data
Inference

  rule

�������　����������	
��

���������

Review
Board

Communication
Interface 

METI
Coordination
Executive

Relevant R&D
Organisations

R&D Sectors -
Factory of 
Knowledge
Production

Think tank - Space
for Innovative
Knowledge Creation

World Knowledge
Base -  Web

Knowledge Office
・Strategy/approach for Knowledge Management
・Executive analysis/evaluation
・Toolkit development
・Quality management

Key gaps in
Knowledge
Base

Autonomic knowledge
generation

Focused
production of
new knowledge 

 Long-term
programme goals 

Anticipating
requirements/knowledge

JAEA Knowledge Management System

Japanese radwaste
Knowledge Base

Requirements
/requests

User-friendly
knowledge service

Users
・Implementer
・Regulatory
　organisations
・Experts
・Other
　stakeholders incl.
　pol icy makers,
　general public, etc.
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(a) Home
(b) Data selection

(c) Search result

(d) Graph sample

Fig.2-5　Example of database for radionuclide migration analysis - Distribution coefficient of Neptunium onto Bentonite
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Underground research plan 
in a step by step approach

H12 safety & feasibility
assessment report

Surface-based investigation phase
[Phase Ⅰ]

Construction phase [Phase Ⅱ]

Operation phase [Phase Ⅲ]

Use of results in next research
stage

Uncertainty analysis

Identification of geological
condition

Assessment flow Performance assessment study

Research items

Scenario analysis

Uncertainty analysis

Total performance
assessment technique

Model development

Database  development

Development and revision of
disposal concept, scenario, model,
parameters

Identification and revision of
important parameters and key
research issues

Understanding of deep geological environments and
practical application in geological disposal

technology Information flow based on H12 report

Information flow based on surface-based investigation

Generic Japanese
geological environment

Evaluation of  the environment predicted in phase Ⅰ

Prediction of the deep geological environment

Detailed investigation and in-situ experiment
 Development of  techniques for detailed

investigation
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Resistivity distribution obtained by the electro-magnetic survey
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International Fusion Energy Research Centre

DEMO design and R&D
coordination centre

ITER remote
Exp. centre

Satellite Tokamak

ITER

oparation
Exp.
Data &
nanlysis

Exp. con
ditions

Fusion computer
simulation centre

IFMIF engineering design
and veritication

･ Optimization of the ITER-oparation scenario
･ Understanding of the burning plasma
･ Design of the fusion plant etc.

･ International workshop
･ DEMO design by International team
･ R&D by JA&EU for fusion materials etc.

Fig.3-2　Broader Approach activities

 Fusion Plasma
Research

Broader Approach
Satellite tokamak

Construction
Improvement of core plasma

for ITER and DEMO

ITER

DEMO

Engineering Reseatch
Broader Approach
･ DEMO design, R&D
･ long-life material

Construction

Conceptual study

Design of
irradiation facility

Construction of
Irradiation facility Irradiation test of materials

Demonstration of burning plasma

Design Construction
Demonstration of
power generation

Fig.3-3　Development step of fusion research aiming to practical use in the midst of 21 century
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The capacity of neutral beam injector becomes 1/4 in 
comparison with that without bootstrap current. The 
ratio of station service power to fusion output reduces 
from 42% to 16%, making it a high-efficiency plant.
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The world’s longest sustained operation at the bootstrap current fraction 
necessary for fusion reactor and the high efficiency operation of ITER was 
attained.

Bootstrap
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A current hole, a region with nearly zero current density, 
appears in the central region of a donut-shaped tokamak 
plasma.
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The current hole is maintained even when a positive or a 
negative electric field is applied.
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(a) Safety factor (q) profile used in simulation. (b) Normalized ion heat diffusivity. For low q, the heat diffusivity decreases around the 
circumference where q is minimum. (c) Temporal evolution of normalized ion heat flux. For high q, the heat flux is high and oscillates 
in time due to oscillatory zonal flows. On the other hand, the heat flux is suppressed by stationary zonal flows which strengthen when 
q is low.
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(1) JT-60U mid-plane

Divertor
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(a) with a low aspect ratio has a coil system with very low magnetic energy, allowing such a thin coil support assembly.
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Height is ~3 m, weight is ~800 kg. The gyrotron is installed in a 
superconducting magnet weighing ~7 T. The major three 
breakthrough technologies used were: high order mode cavity for 
high power oscillation, artificial diamond window for long pulse 
operation and an energy recovery system for high efficiency.
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Steady state operation of 1000  s was achieved, far 
exceeding 400  s standard operation time of “ITER”. By 
control of beam current, arcing in the gyrotron was 
eliminated, the vacuum pressure was lowered, and the 
average output power measured by the dummy load was 
very stable during the oscillation.
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By the control of the voltage of the cathode heater during 
the shot, the temperature of the electron emitter can be 
stabilized and the beam current decrease is suppressed.
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22A Deuterium negative ion beam at 500 
keV is produced.
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Vents are made on both sides of five grid 
segments in order to reduce the pressure 
in the accelerator.

Vent
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This shows the ratio of GRG heat load to beam 
power. The ion source is normally  operated at 
0.3 Pa. With vents, the heat load by electron 
impact is improved about 40%. 
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The “tent-shaped” filter was used to improve the uniformity of 
negative ion production.

Cusp magnet

Filament

Extraction
grid

(a) External filter (b) “Tent-shaped” filter
H- beam H- beam
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JAEA has succeeded in developing the world’s first 
negative ion beam of ampere class.

Arc chamber Filament

Cs oven

Cusp magnet

Accelerator
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By using the “tent-shaped” filter, the deviation of the beam 
profile was reduced from 16% to 8%.

Tent filter
External filter

Extaction region

Cs seeded
Arc power : 20 kW
Source pressure : 0.3 Pa
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Tin is contained in bronze and an increase of tin content in 
bronze has enhanced critical current density.
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Tin rod is embedded in a module. The targets are reached by 
downsizing of the module and optimizing  the ratio of niobium 
to tin. 
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The important parameters are critical current density (Jc) and 
hysteresis loss. Strands satisfying these requirements were 
fabricated by both bronze and internal tin processes.
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The length of the conductor in the CS is about 900 m. The conductor is wound into a coil and 
then given heat treatment at 650 ℃ x 240 h in furnace to produce superconducting Nb3Sn.

Insulation tape

Conduit

Superconducting cable
(Outer diameter: 32.6mm)

Schematic
diagram of coil
cross section

Cable is composed of Nb3Sn superconducting strands
(574 strands) and copper strands (290 strands).

49mm

Detailed structure
of conductor
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In inspection, ITER requirement for size precision was satisfied. After 
insertion of superconducting cable into conduit, the conduit is 
compacted to 49 mm square.
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The hydrogen-rich hydrides show superior neutron shielding 
capability compared to the conventional materials. Neutron 
transport calculations of the 0.7 m-thick outboard shields 
indicated that Mg(BH4)2, TiH2 and ZrH2 can reduce the 
thickness of the shield by 23%, 20% and 19%, respectively, 
compared to the combination of steel and water.
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Neutron transport calculations of the 0.7 m-thick outboard shields 
were performed in order to evaluate the neutron shielding 
capability.

H density 
(1028/m3)

Density
(103kg/m3)

Mass
number

AppearanceMaterial

13.2
  9.1
  7.2

1.48
3.77
5.6  

53.99
49.88
93.24

powder
powder
powder

Mg (BH4)2

TiH2

ZrH2

  7.7
  6.7

0.90
1.00

14.03
18.02

Solid
liquid

Polyethylene
H2O
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The anticipated hydrogen concentration of Mg(BH4)2, which is a 
new candidate shielding material, is as high as 1.32 x 1029 H-
atoms/m3, surpassing those of already known TiH2 (9.1 x 1028 H-
atoms/m3), polyethylene and water.
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Depth profile of target particles in a sample is estimated 
from the measured energy spectrum of recoil particles, 
i.e. target particles elastically scattered by incident 
neutrons. Since the energy loss of a recoil particle is 
proportional to the initial depth of that particle, the depth 
and atomic density can be calculated from the detection 
energy and yield of recoil particles, respectively.
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The PFC samples were prepared from the inner 
and outer baffle plates placed at the W-shaped 
divertor region in JT-60. We could measure 
hydrogen profiles from the wall surface to 800 µm 
deep.

Energy loss of a recoiled particle
is proportional to the initial depth.

～11MeV
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(a) Actual size cross section of 175MHz RFQ 
mock-up module, length and breadth 0.35m x 
0.35m, (b) a small loop antenna to attain 
phase differences of less than a few degrees 
for the RFQ operation mode, (c) A slug tuner 
to control precisely the RF power-balance in 
the RFQ cavities.

Slug tuner0.003mBore diameter : 0.008m

(c) Slug tuner(b) Small loop-antenna　(a) RFQ cross section
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A 40MeV deuteron beam with a current of 250mA is injected into liquid lithium flow, and a 
14MeV neutron field similar to D-T fusion reactor is produced by D-Li stripping reaction. With 
these neutrons, materials are irradiated to evaluate robustness for use in fusion reactors.

Injector (100keV) Alvarez Drift Tube Linac
 (5MeV-40MeV)

Radio-frequency Quadrupole (RFQ) Linac
 Four-vane RFQ (0.1MeV-5MeV)

● Irradiation damage: >20dpa/y
● Neutron flux: 1014n/cm2･s

Lithium loop

Deuteron Beam 
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The conventional system requires catalytic reactor to always be at high temperature, so capital & operation cost is high, and the 
replaced catalyst becomes tritiated waste.  The new system can be operated at room temperature.  The bio-reactor cost will be about 
1/10 that of the catalyst set.  Bio-reactor can be burnt for waste minimization.

●Concept of a conventional detritiation system ●Concept of a new detritiation system using Bacteria

Globe box or
buildings

Globe box or
buildings

Bio-detritiation system
 (R.T.)

DryerDryers

Blowers
Blowers

Pre-heater Reactor

Catalytic reactor (Pt/Rh)
(200～500℃)

Cooler

13cm

φ10cm
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��	��	��	��


The bacteria was incubated under 307K for 10 days on a filter 
in the reactor cassette.
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Left:x 10000, Right:x 2000 (�����������	�)
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Kansai Area

Laser

・Synchrotron
  radiation

・Ion beam
・Electron beam
・γ-ray

・Pulsed
  neutron
  beam

・Continuous
  neutron
  beam

・High-intensity
  laser
・X-ray laser

Beam Lines of SPring-8

Combined use of quantum beams

TIARA

J-PARC

JRR-3

γ-ray,
electron beam

Regional 
cooperation

Cooperation with 
universities and industries 

Kansai Photon
Science Institute
(Kizu, Harima)

Establishment of 
“Quantum Beam Platform”

Takasaki Area

Tokai Area

Nuclear Science Research Institute,
Tokai Research and Development

Center

Takasaki Advanced
Radiation Research

Institute
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Neutron
diffraction

X-ray
diffraction

Neutron
scattering

X-ray
scattering

material

Neutron
Ion
Proton
Electron
γ-ray
SR* (X-ray)
Laser
Characteristic
X-ray

* SR: synchrotron
　　  radiation

Observation

Incident quantum A quantum induced by incident quantum

Evaluation Manufacture Treatment

XPS

Defect production, displacement of atoms → Evaluation of material
degradation → Development of radiation-resistant semiconductor

Molecular chain scission → Cross-linking and
grafting (fabrication of functional materials)

Ion implantation (semiconductor fabrication)

Neutron transmutation doping
(semiconductor fabrication)

Different atom generated by nuclear reaction

Laser driven proton acceleration

Formation of micro pores
(fuel cells membrane, etc)

Breakage of DNA strands → Production of new breed
　↓
Elucidation of repair mechanism → DNA-repair reagent

XAFS

PIXE

BNCT

Neutron radiography

RBS
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○Nanotechnology and materials
･ Development of highly-durable fuel cell
  membrane utilizing hydrogen

･ Exploration into mechanism of
  superconductivity

○Life Sciences ･EBiotechnology
･ Structural analysis of proteins for
  development of new medicine, etc.

･ Elucidation of damage / repair mechanism of
  DNA and production of new breeds 

○Environmental Sciences and Energy
･ Elucidation of stress corrosion cracking mechanism
   of nuclear reactor materials and development
   of prevention techniques

 
･ Development of materials and
  technologies  for environmental
  protection

○Information and Communication Technology
･ Development of radiation-resistant
  semiconductor

Evaluation 
of radiation 
resistance

Observe

Nano eyes Nano hands

Create Cure

･ Elucidation of growth process of
  semiconductor material

○Advanced Medical Treatment
･ Developing technique for miniaturization
  particle beam radiotherapy equipment

･ Development of environment- and
  human- friendly medical materials
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Pacific Ocean Materials and Life Science Facility
Nuclear and Particle Physics Facility 

(Hadron Experimental Facility)3 GeV Synchrotron
(circumference: 350 m)

Transmutation
Experimental

Facility (Phase Ⅱ)

Linac (330m)
Neutrino Facility

50 GeV Synchrotron
(circumference: 1600m)

Cold Neutron double chopper

spectrometer: 

The instrument will serve as a tool

for basic research in solid state

physics, evaluation of materials

stability, elucidation of materials

function mechanisms etc. The vibrational states and

the energy excitation states of the atoms and

molecules in magnetic materials strongly correlated

electron systems, fuel cells, etc.

Engineering diffractometer: 

The residual stress in  engineering

materials, such as automobile

engines and components, train

components, nuclear engineering

materials, precision materials is

analyzed by means of neutron

diffraction to evaluate their

mechanical strength and service

lifetime.

�������　����������	�
���
������������
����������������	
�����	���
�����������������������	
��������
������
��������������
����������	
������
���	�����������

���������	�
���	��
�������	��	����	�����������	
�������
�����

���������	���
����
	�
��������������������������	
������
�

���������	
���
��
�����
���������
�����������	
��
����

　����������������	
�����
��

�����
�������������	�
���
����
������������	�
���������
�
����������������������	
���
������

���������	
�����
��
�����������	�������������	���
��	�	��
��

���������	�
����
�	�����������
�
������������������	�
����	���

���������	
���	����
���	�����	�����������������	�
	����
��
��
��

�����������	�
��
�	���
���
�������	�������������	
��	�
����

�����������	
������������
������

�������������	
�����������
�

���������	
����	�������	�����
��������������	��
�	

　��������	�
���	�
�
������	
����	��	�����������	��
��
����������	��
����
���������������������������	
���	
�����	

����������	
���

������
����
��
���
����������	
���

�
��	��	

�����������	�
��
�����������������������������	���

�����������	
�������	
������	��	������������	��
��
�����
�

��������		�
����
��������	���������������������	�����
��

�����������������	�
�����������
��������������	�
������

��������	
�������
�
��������
������������������	
��
����

����������	
��	
���������	���	�����������������	��
�����
���
��

����������	
����
����������������������������������	�
���������

��������	�
��������
����
��������������������	��
���
�����
��

��������	
��������
����
���������������������	
�����
�������	����
��

�������������������	�
�����
�����������������	�	
���
�����
��

������������	�
������	
�������������������������	���
����
���

���������	
��
���
�
��������
����
���������������	
������

������������	
���
��
�������������������������	
����




��　�����������	
����

�

���������	���
��	��	�
	�	����

　�����������	
�����
��	������������

��������	��
�����
�	��
������������	�
��������������
���������������	
������
���
�	�

������������	�����
����
�����������������������	
�����
�

���������	
���	�
	��
���
�	�����
�����������������	�
���
������

����������	
���	�
������	��	������������������	
�������
������

��������	
�	���
�
���	
�	
	������	
����������	�
���℃������
����������������	
�
�����
�
��
���

��������	
����	�
��	����

����������	����
�	�����
�����
�
��������������	
����
�	
�����

��������	��
������	���	
��	
��
	���	���������	��
	���


　�����������	�	�
���
��	������������������������	
����
��������	
������
�	���
���
������������������	��������
�
������

����������℃�������������	
�	���	
�����
�����������������	�
���������	��
��	���
��������
����������������	
����	��	�����
���

���������	��
���
��
������������������������	�
��	��
���������

����������	
���
���������
�������������������	
���	�
	������	

��������	���
	�
�����

�����������������������	�
���

����������	
��
���	�����������
�
�
�����������	��
�	����
��

����������	��
�������
���	�������������������	���
��
��

������������	
	����������
�
	����	������������	�����

���������	
�����
��
��
�
�	
���
�������������	��
���

�
���	��

������������	
�������
��
��������������������������	
�������

���������	
��
�	�

�
�����	
����	�
�������������	��
������

���������	
�����
�����	����������������������	�
���
�
�	��

���������	�
���
��������
�
����
���
���������	
�����	
�


　�������������	
���
�������	�
������������������	�
������������	
�������
�	�������
���������������	
��

����

����������	
��������	�

���������	����������������	�
�����
���

���������	�
�����
�����	���������������������	
���
�������

��������	�
����	��	
�����������	��������������	
�����
�

���������	
���
��
��	������
������
�������������	
�����
��

�����������	
�����
����
��
�
��

�
����������	
�����
��	
����

�����������	
����
������������	��
������������	�
���
�
���

��������	��
����
�	����������������������������	�����
�	�
����

　��������	
��	�

��	�����
�������
������������	�
���
���
���������	
�������
����	����������	
�����������	
�����

���������	
�����
��
���

��
������	�������������	�
����

������������	��
�������������
�����������������	
���
��
�����

������������	��
����
����������	���������������	
��	�����
������

����������		���
�����
�����������
�������������	
����
�

��������	
�����
������������
��
��
���������	
�����
������

������������	�
�����
�
������������
����������	�
���������

�����������	
��	�
�����
�	��	������
�������������	
�����
�

�����������	
��



N2

15
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0

H2

SiC Membrane

Crack and pinhole ≒1

Knudsen diffusion = 3.7

Molecular sieving > 3.7
H2/N2

* Li et al. J. Membrane Sci. 118, 159
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Porous alumina substrate

Si-based polymer

・Dissolved, then coated

・Cross linking by electron beam

・Converting into ceramics at
  high temperature

SEM image of SiC membrane

SiC membrane

Porous alumina
substrate

2μm

Membrane of Si-based polymer

Porous alumina substrate

Cured coating
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SiC membrane

N2

H2

Porous alumina
ceramic
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Tamada, M.�������� Cost Estimation of Uranium Recovery from Seawater with System of Braid Type Adsorbent, Nippon Geshiryoku Gakkai Wabun 
Ronbunshi, vol.5, no.4, 2006, p.358-363 (in Japanese).
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TATGCCAGAGTGCTACCCCTGGCCTTTTTAATCTGT

Promoter region was ligeted to
upstream of luciferase gene.

Radioresistant bacterium Deinococcus radiodurans

The radiation responsive promoter
region was identified using

luciferase activity as an indicator.

Region of pprA
gene promoter

DNA

Firefly luciferase gene

pprA gene

Translation start site for pprA gene

ATG

radiation responsive promoter region

-57 -22 1

(Nuclei) (DNA strand breaks) (Mitochondria) (Merged)

10μm 10μm 10μm 10μm
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2nm

(a) Nanoclusters confined to surface lattice units (b) A crystal of nanoclusters gathered by annealing
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(Traveling wave)
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Usual fs laser pulse Laser pulse modurated in intensity
and wavelength

“Optical key”

100 fs

Usual one-wavelength laser pulses 
form a mixture of states (red and 
blue points).

(1 fs = 10-15 s)
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An “optical key” produced by the 
pulse shaping techniques forms a 
pure, uniform state in a very short 
period of time.

An example of “optical key” which 
forms a pure excited state in cesium, 
Cs(7D5/2)
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3D image of pits

Cross-section of pitting
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Primary Pressure

Time (min)

TMI-2 accident (1979.3) Fractographic
observation

10μ m

Hamaoka-1 RHR pipe rupture 
(2001.11)
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・Probabilistic safety assessment

・Safety of high burnup fuel

・Thermohydraulic safety for advanced utilizations 
　of LWRs

・Safety assessment of plant aging

・Safety of nuclear fuel cycle facilities

・Safety of waste disposal and decommissioning

Provide technical data 
for regulatory judgment

・Ensure safety
・Increase public
　confidence

Research programs conducted in accordance 
with the policy determined by the Japanese 
Nuclear Safety Commission
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Time after break (s)

Primary

Broken SG secondary

Intact SG secondary

LSTF

Mihama

Pressure

Mihama-2 SGTR* (1991.2)

* SGTR : Steam Generator Tube Rupture

Chernobyl-4 accident (1986.4)
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NSRR is a research reactor to 
conduct fuel irradiation experiments 
with pulse operation. Experiments 
are performed to establish safety 
guidelines and regulatory criteria for 
fuel failure threshold under reactivity-
initiated accident (RIA) conditions.
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LSTF is the largest test facility in 
the world to simulate  responses 
during loss of coolant accidents 
and abnormal transients of PWR. 
The components are 1/48-scale in 
volume and full-scale in height.  
The OECD/NEA/ROSA Program is 
being conducted using the LSTF.

��������	����
������
��
����
��

���������	��
�
�
������	���

NUCEF is a facility for research and 
development of the nuclear fuel cycle 
including radioactive waste disposal. 
The research results contribute to 
establish safety guidelines and criticality 
databases.

shroud

crack
Metallographic
observation

Stress corrosion cracking of BWR 
core shroud and piping (2002.8)
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Calc.

JCO criticality accident (1999.9)

Ruptured Pipe

Mihama-3 secondary pipe rupture (2004.8)

Control rod

Crack

Cracking in BWR hafnium blade type 
control rod at Fukushima I-3 (2006.1)
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Fall (Assembly)

Organic solvent fire (Pellet)

Hydrogen explosion
in sintering furnace

Vapored Org. Sol. Exp. (Powder)

Fall (Powder)

Fire (Scrap)
Fire (Pellet)

Fire (Powder)

Entrainment (Powder)

Entrainment (Scrap)
Entrainment (Pellet)

Fire at Grinder

Fall (Pellet)

Organic solvent fire (Powder)

Results of preliminary PSA
<Risk Matrix>

Fire (Powder)

Fire (Pellet) Over press.
(Sintering Furnace)

Hydrogen
Explosion
(Sintering 
  Furnace)

(GB)
Fall (Powder)

Solvent exp. (Powder)
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Released radioactive material to environment (kgPu)
assumed leak path factor = 1.0 
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Events in  
colored area 
are subjects 
of the 
detailed PSA

Ⅰ. Potential abnormal events identification

Functional FMEA

Ⅱ. Potential abnormal events screening

Rough estimation of risk, screening with risk matrix

Ⅲ. Accident scenario analysis

FT analysis for accident causes
ET analysis for accident sequences

Ⅴ. Consequence 
evaluation

Amount of released 
radioactive material

Ⅳ. Frequency
evaluation

Quantify FT and ET

Preliminary PSA

Detailed PSA

FMEA:Failure Mode and Effect Analysis 
FT:Fault Tree,   ET:Event Tree
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Released radioactive materials (kgPu)

Results of detailed PSA
<Frequency and Consequence>

Over press. in sintering furnace
by water vaporization
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The preliminary PSA is carried out through Ⅰ) exhaustive identification of potential abnormal events and Ⅱ) efficient screening of 
those events using a risk matrix. In the detailed PSA, Ⅲ) Accident scenario analysis is carried out to analyze causes and event 
sequences of each abnormal event by drawing a fault tree (FT) and event tree (ET) respectively. Ⅳ) Accident frequencies are 
evaluated by quantifying FT and ET. Finally, Ⅴ) radioactive material releases to the environment are evaluated as the accident 
consequence using a five factor formula calculating the release amount from five material-specific factors.
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Failed fuel rod in NSRR experiment (78 GWd/t)

NSRR at pulse operation
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Histories of NSRR power and 
fuel temperature during pulse 
operation
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The vertical axis denotes fuel enthalpy at which fuel failure 
occurs. Hence, this is an index for the fuel safety 
performance in RIA. The period of fuel irradiation in a 
power producing reactor is indicated with the fuel burnup in 
GWd/t. This figure shows that fuel safety performance has 
a stronger correlation with clad oxide thickness, which is an 
index for clad corrosion, than with fuel burnup.
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Pulse operation of the Nuclear Safety Research Reactor 
(NSRR) can simulate a Reactivity Initiated Accident (RIA) 
which is hypothesized in light water reactors. High burnup 
fuel behaviors under RIA conditions are thereby 
investigated and conditions of fuel failure are quantified.
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Results with unirradiated cladding (triangles) show that 
fracture preliminary depends on oxidized fraction and 
slightly on hydrogen concentration. Results with 
irradiated cladding (circles) show that fracture boundary 
is not reduced significantly by irradiation at the examined 
burnup level.
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Test rod is heated to 1200 – 1500 K in flowing steam with the 
furnace. After isothermal oxidation, the test rod is cooled and 
quenched with flooding water. The photograph shows post-test 
appearance of irradiated fuel cladding.
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#2, #3 and #5 are ring elements between the inner and outer 
sides. Upon pulse power input, the temperature rises faster in 
the inner region than the outer region. PCMI-failure time was 
observed. Temperature difference between the inner and outer 
sides is as much as 400C at the failure instant.
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Stress is mitigated in the inner side of cladding by thermal 
expansion, and stress in the outer side is relatively higher. The 
rod failed when a slight plastic deformation occurred, indicating 
a low-strain breakage mechanism.
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Various LOCA tests were conducted at LSTF, the world’s 
largest plant simulator with the same height and 1/48 volume 
of a 3423 MWt PWR, to examine the effectiveness of accident 
management (AM) measures if there is severe loss of coolant. 
In case of HPI total failure, it is important for operators to 
depressurize the primary coolant system by opening SG relief 
valves (RVs) to activate the AIS and LPI system. The tests 
verified the effectiveness of this AM measure even in a LOCA 
caused by vessel bottom break which is the worst break 
location. A code analysis also confirmed the effectiveness.
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This shows the difference in retained coolant in two tests of 
different AM actions (SP4 achieved the goal).
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A steam explosion may occur if the 
core is melted and drops into water in 
the reactor vessel or the containment 
vessel.
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Break-up of the molten core jet and 
formation of the premixture. The part of 
the molten core that is well mixed with 
water and kept molten contributes to the 
following explosion process.
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Development of the shock wave of the steam 
explosion that is triggered by an assumed 
pressure pulse near the bottom, with the 
premixture condition taken from the result at 
t=1.5s in Fig.5-15. The steam explosion load 
on the structure is evaluated by this 
calculation.
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The steam in the drywell flows into heat exchanger driven by 
the pressure difference between the drywell and wetwell. The 
condensation in the heat exchanger suppresses the 
containment pressure increase. The reliability of the PCCS is 
so high because of the natural force that continues with steam 
generation in the drywell.
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The secondary-side flow fluctuates greatly in the heat 
exchanger upper region, but is merely bubbly in the lower 
region. Three horizontal objects in each figure are condenser 
tubes.
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Steam condenses independently of the tube location in the 
tube bundle which is shown at the upper right of the figure.
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The structural reliability of components such as aged piping during long-term operation is evaluated by PFM analysis method 
considering aging degradation and the relationship between seismic intensities and their occurrence frequencies (seismic hazard).

O
cc

ur
re

nc
e 

fr
eq

ue
nc

y

(per year)

Seismic intensity
(e.g. Peak acceleration, gal)

Predicted seismic motion of
a fault model

Probabilistic fracture
mechanics analysis

Seismic load

Flaw

Operation time (year)

Fa
ilu

re
 p

ro
ba

bi
lit

y Failure probability due to 
flaw and seismic load

���������

��������	
�����
���
������������
��������������	
���
�	���
���
������������������	��
������
���������������������������	
�������

������������
������

���������	�

�������
���������������������������	
����
����������������������������	
���
�
�����

������������	
��������
�����������������������	�
�
���

���������
���������	
������
��	�����������
������������	��
����
����	��

��� ���������	
���

������
�����������
����������	�
���
����
������������




86　JAEA R&D Review 2006

Nuclear Safety Research

　�����������	�
���	��
������

��
��������������	
����
����
��������������	�	
	���	��
��
�����
�������������������	
����
�
�

����������	�
�	
�
�
����
��������������������	����
��	����������

����������	
��������	��	���	�
��	�
�����������	
�����
������

��������	
���
���
���������

����������������������	�
����
���

������������	�
��������
�������
�

���������������	��
������	���

����������	
���
	����	�������

���	���������	
�	
���
��
��

���������	
����	��
�������������������������	��
���
�	�
���


���������	
�������
�������������	�������������	�
������
�����

������������	�
����
�������
�����������������	�
�������
�

�����������	
�	��������	
�����
	����������������	�
�����	�

��������	�
��
��
������

���������
����

　����������	
���
����
������	
����
�����������	��
������
�������������		�
�������
�	���������������������	�
���
�
������

��������	�
��
���
��
������
���	���������������	��
������
�

���������	


　�������������	
����	�
��	���������������������	��
�	
���������	
����
������
������������
����������������	�

����������	
��
�

�
�������
���

������������������	��
�������

�������������	�
�����
	����
���
���������������	�
������
��	��

����������	
����
�����	
�����	����������������	
	��������
�

����������	
���


�������������
���	����������	
���
�������
��

����������	�
�����������
����

　����������	���
��������
�
��������������������������	�
���������“�������”������������	
�����������

�����������
�����������	
���	��	�
	��

	���	�
����������	
�	�
��
�	

�����������	��
��	�����
��
	�����		�������������	
���	���

�����������	�
����
���
����
	����������������	����

���������	
��
�����
�
�����������������������	�
������

�����������	��
��
	��	��������
	����������������	
��
���������

��������	
����	��
��

������������
������������	
��	����

���������	
�������	������
�����
�����

　���������	
��������
�������������������������	
�����
����������	�
����
�����	����	�����	��������������	��

���������	
��	�
	���	�
��
�	������	�����������	
�
����
����

���������������	�
���
�
�����������������������	��
����
�
��

��������	
�����
����������
������
��������

���������

���������	�
����	��
��
�������
����������������	�
���
�����������������������������	
��
��
���
���������
�������������	
�����
���	
������
�������

��������	��
��������
���������

��������　����������	
�����
�
�����
��
����
�������������
�������

SFCOMPO is now operated by OECD/NEA to obtain and 
evaluate new isotopic composition data of spent nuclear fuel 
under an international collaborative framework.
URL http://www.nea.fr/html/science/wpncs/sfcompo/
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Burnup of spent fuel is evaluated by measurement of 148Nd 
quantities. This figure shows that the abundance of 148Nd is 
affected by neutron capture reactions of 147Nd and 148Nd. It 
enables us to conduct quantitative evaluation of the 147Nd 
and 148Nd effect in burnup calculations.
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The slag sample was prepared by melting a 
mixture of four kind of metal oxides, silicon 
oxide (SiO2), aluminum oxide (Al2O3), calcium 
oxide (CaO), and a trace amount of boron oxide 
(B2O3) at 1,600 ℃. SiO2, Al2O3 and CaO 
represent the main components of concrete and 
incinerator ash.
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Time evolution of boron (B) concentration in aqueous solutions with 
two leaching samples is compared.  The concentration of B is used 
as the index of the amount of dissolved slag; B is soluble and non-
sorbing so that all of the dissolved B is stably present in aqueous 
solutions.  In the absence of cement, the amount of dissolved slag is 
five times higher than that in the presence of cement for the first 
several days, and in around 30 days the amount of dissolved slag 
becomes constant (2×10-6mol/m3).  In the presence of cement, the 
dissolution rate of slag is constant through test runs of 150 days, and 
this trend seems to continue even longer.
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[001] Superconducting gap

Case b) Anisotropic
             superconducting gap

Case a) Isotropic
             superconducting gap
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Yeast

Uranium is dissolved as 
uranyl ions in the solution 
after exposure of cells to 
uranium solution.

A portion of uranium is adsorbed 
on the cell surface of yeast. 
Consequently, phosphorous is 
released from inside of cells and 
reacts with the adsorbed uranyl 
ions.

Uranyl phosphate minerals 
are then developed.

: Uranyl ion

: Phosphorous

: Uranium phosphate mineral
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Neutrons are absorbed well by water, poorly by metal.  The 
void fraction profile inside a complicated test section such as 
fuel assembly can be measured by neutron radiography (NRG).

0
(Water)

Void fraction
PC (Image data)

Converter
to light

Fuel rod

(b) Measured result(a) Principle of neutron radiography

1
(Steam)

Mirror

Light

Amplifier Test section

Video
camera

Neutron
beam

Measuring
region
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The oxygen potential of AmO2-x was measured as a function of 
oxygen deficiency (x). This fundamental property is needed to 
evaluate and predict behaviors of MA-bearing fuels during 
irradiation and fabrication.

AmO2-x sample

at 1333 K
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Sequential utilization of nuclear heat of 950℃ enables the 
production of hydrogen and electricity generation. 
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This map is based on a 10-year survey of the Japan Sea. This 
map shows no traces of radioactive waste disposal to the 
Japan Sea by the former Soviet Union and provides important 
information on seawater circulation and numerical modeling.
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One ADS (800MWth) unit driven by a 30MW proton beam can 
transmute 250kg of minor actinides annually, equivalent to 
production in 10 LWR (1GWe) units.  

Proton beam

Pb-Bi Beam duct

Primaty pump

Spallation target region

Beam window

Minor actinides fuel region

Steam generator



98　JAEA R&D Review 2006

Nuclear Science and Engineering Research 
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Air and water flow upwards from the bottom of the test channel. 
A part of the bubble shifts at the gap between the ducts due to 
the pressure difference. The predicted result agrees well the 
observed results.
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This geometry and dimensions simulate an axial part of the 
tight- lattice fuel bundle. Each fuel rod is enclosed by a water 
film with very thin thickness, and vapor flows on the outside.
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TODGA is a tridentate ligand containing three oxygen donors 
(red color atoms). The analogs of TODGA were synthesized 
and their hydrophilic and lipophilic properties can be changed.
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The highest value of the vertical line indicates the loading 
capacity of the extractant. The structures of TDDGA and 
TDdDGA are drawn below.
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In the pyrochemical reprocessing of nitride fuel, 
actinides are recovered in liquid Cd cathode by 
molten salt electrorefining.
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With the progress of distillation of Cd in the alloy, PuN is formed by 
the reaction of PuCd6 and N2 gas. After heating for 6h, almost the 
single phase of PuN is identified.
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Experiments are carried out in Ar-atmosphere 
gloveboxes.
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Fluence : 9.72×1024n/m2

Stress : 580MPa
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Changes of crack length on in-pile test could be measured by direct current potential drop (DCPD) method using pre-irradiated 
compact tension (CT) specimen. (Fatigue pre crack was introduced by cyclic loading before in-pile test. R is the ratio and tH is a holding 
period. )
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Constant load tensile test was carried out in a hot 
laboratory using pre-irradiated specimen to 
assess SCC sensitivity. This specimen was 
ruptured about 200 hours after loading start. 
Intergranular (IG) and transgranular (TG) SCCs 
are observed on its surface.
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(1) off Vladivostok, (2) off the Noto Peninsula, and (3) off Okushiri Island 
(“Settling flux” is defined as the quantity of particles collected per unit area 
and in set collection time. In the figure, settling fluxes are measured at a 
depth of 1 km.)
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Industry
containing Cr(Ⅵ)

(a) Usual chemical method (b) New radiation method

pH<2.5
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Reduced to Cr (Ⅲ)

Post-treatment / Disposal!

Circulation / Recycle!Cr(Ⅲ) adsorbent Cr(Ⅲ) precipitates

Cr(Ⅲ) precipitates

Radiation
such as γ-ray

AcidAcid Industry / Environment
containing Cr(Ⅵ)

Sulfite sodaSulfite soda Solid material
(semipermanently)

Caustic soda

Cation exchange
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Environment
containing Cr(Ⅵ)
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In aqueous solution at pH conditions like liquid waste and 
environmental water, Cr(Ⅵ) is not reduced by irradiating 
radiations (a). When a small amount of solids are added to the 
solution, Cr(Ⅵ) is remarkably reduced (b).
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The usual method (a) needs a large amount of dangerous 
reductants, acids and alkalis, and thus has many issues such 
as high cost and post-treatment. The new method (b) is simple 
and environmentally friendly because those chemicals are not 
needed.
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Demonstration of hydrogen production by the HTTR-IS system 
is planned in the near future. The IS process coupled to the 
reactor will be built with non nuclear standards. One of the 
concerns for adapting non nuclear standards is tritium 
becoming mixed with produced hydrogen.
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Permeability of hydrogen in an operating reactor was 
measured for the first time. Comparing conservative evaluation 
(blue line) and realistic one (red line) it is implied that an 
oxidized layer was formed at the surface of the heat transfer 
pipes of the intermediate heat exchanger.
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Sulfuric acid decomposer vaporizes concentrated sulfuric acid and decomposes it into 
sulfur trioxide (SO3) and water (H2O).  A concept of the sulfuric acid decomposer has 
been developed that features heat exchanger made of silicone carbide (SiC) that 
exhibits excellent corrosion resistance in this environment.

��������　���������
Prototypes of SiC blocks and the 
main parts of the decomposer 
have manufacturing feasibility.

Decomposed gas
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Tie
Rod

Insulator

He
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Decomposed gas
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1.
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Pressure
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Sulfuric Acid
(H2SO4)
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He in
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Ningyo-toge site

･ Uranium enrichment
   deveropment Rokkasho site

･ Reprocessing private 
   business
･ Uranium enrichment private 
   business
･ MOX fuel fabrication
   private business

Tokai site

･ Reprocessing 
   deveropment
･ Uranium
   enrichment 
   deveropment
･ MOX fuel
   fabrication
   deveropment
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HLLW feed pipe

Glass temperature
: 1200℃

Air cooling for a freezing valve Pouring nozzle

Auxiliary
electrode

Main
electrode
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(2) Cross section of suction room near
     steam nozzle (by an optical microscope)

(3) Temperature distribution
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Facility-specific decommissioning technology development 

FUGEN Nuclear
Power Station

Uranium enrichment 
Plant and Conversion 
Facility at Ningyotoge　

Input of results and feedback

Results used in
Support

Information

Decommissioning Engineering System

Database Evaluation system

DB of amount 
of material

Formulation of
decommissioning  
plans

Evaluation program
・Workforce No.
・Exposure
・Waste generated

Output
・Workforce No.
・Time schedule
・Decommissioning 
  cost

・Decommissioning 
  related data 
・Engineering system 
  data
・Reference

JAERI 
Reprocessing 
Test Facility

Collection of 
facility data

Database

Clearance Level Verification  Evaluation System

Data processing program

・Facility
・Objects

 ・Selection of  
   radionuclides
 ・Radionuclide 
   composition ratio
 ・Decision of clearance

Rational decommissioning

・Reactor facility
・Reprocessing facility
・Accelerator facility
・Use facility

Measurement   
conditions
and method

・Facility
・Objectives

Evaluated 
results
of ΣD/C

DecisionMeasurement

Reactor facility Centrifuge Tank, Piping

Support tool

Information on 
dismantlement
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Operating 
waste

Decommissioning 
waste

Cement  
solidification

Compaction

Waste treatment

Characterization

Sub-surface 
disposal

･ radioactivity concentration 
･ composition of nuclides 
･ waste materials            etc

Near-surface disposal Geological disposal

○Waste management system

Melting

○Calcination 
　･ elimination of organic materials 
   and volatile metals

○Disposal technology 
 ･ to examine factors affecting radionuclide migration 
 ･ to construct database for safety assessment of disposal 
 ･ to develop the safety assessment method

○Measurement of radioactivity 
 ･ to speed up separation of nuclides 
 ･ high-efficiency measurement (γ) 
 ･ simultaneous measurement (α,β)

○Decontamination 
　 for U and TRU wastes
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The disposal of low-level radioactive miscellaneous wastes generated from research 
facilities in packages solidified by plasma melting is planned. In order to dispose of 
radioactive wastes safely, it is indispensable to verify that each waste package is prepared in 
accordance with requirements for disposal.
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The mixture of sample and acids 
in a Teflon vessel is heated by 
microwave. a) External view of the 
device, b) Cross-sectional view of a 
vessel

Research facilities

Low level radioactive  
miscellaneous wastes

Solidified products Verification

Vitreous materials

Performance  
・Mechanical strength 
・Chemical stability  etc.

Radionuclide immobility

low solubility

Radioactivity evaluation 
・Radioactivity level

Concrete Insulating 
material

Glass Carbon steel

Treatment facilities 
( Plasma melting )

Disposal site
Waste packages

a) External view of the device 

b) Cross-sectional view of a vessel

Frame

Shield

Teflon vessel
Acid

Sample
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Decommissioning planning
support system

VR Visual system

VRdose, development for display

Evaluation system

Utilization of COSMARD

Database system

3D CAD data

AR system

Worksite visual system development

Information management system

Dismantling Data Collecting System (DDCS)

Generated Waste Management System (GWMS)

Equipment information (weight, volume...)

Radioactivity inventory data

Remote dismantling simulation system

Expansion of 3D CAD function

Dismantling support system

Planning and
play back

Scenario

History of 
exposure dose

Manikin Tool selection

Visualize
radiation dose

Inspection work around reactor
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RPV IHX PPWC SPWC

Distributing parts to a Grid

Towards a virtual plant vibration simulator: integrated simulation of over 10 million parts
- Distributed assembly structure analysis on Grid -

GC AHX Pipes

RPV

IHX

PPWC

SPWC

AHX

GC

Pipes

: Reactor Pressure Vessel

: Intermediate Heat eXchanger

: Primary Pressurized Water Cooler

: Secondary Pressurized Water Cooler

: Auxiliary Heat eXchanger

: Gas Circulator
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Electron
in solid

Atomic nucleus

Nucleons

Atom Fermi gas

Interacting Fermions

< A l H l A > < A l H l Z >

< Z l H l A > < Z l H l Z >

l Z >

l A >

Known quantum
 states of Fermions

Matrix for calculating 
quantum superposition

The ground state calculation
 using the Earth Simulator

Electromagnetic wave
  Neutron Star
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1
2 201816141210

Number of fermions

D
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rix

The largest problem
on the Earth Simulator

No. of sites : 22
No. of Fermions : 17  (9↑, 8 ↓) 
Dimension of matrix : 159 billion
Memory size : 7.1 Tera bytes
Elapsed time : 6 minutes
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(b) Liquid water (c) Ice (Ｉh phase)(a) Vapor
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Cu ion

Usage
Oxygen/Electron transport
Oxidation/Reduction catalysis

Toxicity
DNA break, modification
degradation of biomolecules

Highly reactive
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Swipe samples　are
taken by IAEA
inspectors

Undeclared nuclear 
activities are detected
by analyzing isotope
ratios of ultra-trace 
amounts of the 
nuclear materials 

Analysis request
from the IAEA

Particle
recovery Secondary ion 

mass spectrometry

Particle Analysis

Ashing
digestion, 
purification Mass Spectrum of U

Sample

235U+ or 238U+

O+

・Validation of analytical accuracy
・Provision of analytical results to
  the IAEA

Technical Support to the IAEA

Bulk Analysis
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The Comprehensive Nuclear-
Test-Ban Treaty Organization 
International Data Center

Data
transmission
to the State 
Parties

International
Monitoring System

Seismological Stations (170) 

Hydroacoustic Stations (11) On Site Verification

National
Data
Center 

Infrasound Stations (60)

Radionuclide Stations (80) +
Radionuclide Laboratories (16)

In Japan    Radionuclide Stations
                  Takasaki and Okinawa
                  Radionuclide Laboratory Tokai  
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A video camera in the Fresh Fuel Storage room takes pictures at intervals 
if the Balanced Magnetic Sensor (BMS) detects the door opening.  Also, 
when the camera detects image changes, it takes pictures.  Image data 
stored in the Data Collection Computer are transferred to the Data 
Storage Computer over the local Intranet, then to the Data Server at the 
remote site via a VPN (Virtual Private Network) over the Internet. Data 
are reviewed by the Data Review Stations.

JAEA Firewall SNL Firewall

JAEA router SNL router
Internet

Data storage
on JNC DMZ

Data collect
Data Review

Data Review

DCM-14

Video camera

JAEA “JOYO” 
SNL

BMS

JAEA DMZ

JAEA VPN
SNL VPN

SNL LAN

VPN

FTP

FTP

Intranet

DCM-14：Digital Camera Module using for maintaining IAEA 
Safeguards 
DMZ: DeMilitarized Zone area in Network , isolated from 
Internet and also Intranet by Firewall
FTP: File Transfer Protocol used in TCP/IP Network
LAN: Local Area Network

JAEA
in Japan

Internet

OtherRelevant 
OrganizationsIAEA

(Observer)

Sandia National 
Laboratories
（SNL）
in USA

Argonne National 
Laboratory
in USA

Korean Institute of 
Nuclear 
Nonproliferation and 
Control (KINAC)
in ROK
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JAEA continues discussions with related 
laboratories utilizing the remote monitoring 
technology for information exchange among 
nuclear facilities to develop transparency and 
confidence building.
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After melting Plutonium (Pu) and Uranium (U) chloride in high 
temperature crucible, Pu and U are oxidized and precipitated 
on electrodes by electrowinning into MOX granulate. A “Vipac 
fuel pin” is filled with high density fuel by vibro-packing. This 
method is cheaper than existing pellet fuel methods because of 
the compact facility and simple fuel fabrication process. 
Additionally it is more practical because the easy operation can 
be done remotely, for less radiation exposure during fuel 
fabrication.
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In vipac fuels for FBR, a fuel restructuring phenomena similar 
to the ones seen in pellet type fuels occurs in high temperature 
regions during irradiation. However, in the low temperature 
regions below 1300K, such as the peripheral area of the fuel, 
no effective restructuring would occur, and granular fuel 
compact morphology remains as fabricated. The thermal 
conductivities of those regions are lower than pellet type fuels 
due to the morphology. However, adding some U particles to 
granular fuel compacts improves thermal conductivity of the 
vipac fuel, thus moderating the temperature of the vipac fuel.

Oxide electrowinning
(Pyrochemical process)

MOX granulate

5 fractions (μm)

Mixing

(1) 1000～630
(2) 630～400
(3) 400～250
(4) 250～100
(5) 100～
+Oxygen getter

Molten saltMOX deposit

Washing

Milling

Screening

Vibro-packing

After mixing feed
into a cleadding

－ 

＋ 

2.5

UO2 (pellet type, 75% T.D.)

UO2 compacts containing U
(with melting of U)

UO2 compacts UO2 compacts containing U
(without melting of U)

0.0
800 1400130012001100

T / K

λ
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W
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Off-gas from three dissolvers passes through a condenser, 
acid absorber, caustic washing column and HEPA filter at Tokai 
Reprocessing Plant.

[Mechanical treatment process]

[Dissolver off-gas Treatment Process]
Main Stack

[Dissolution process]

Clarification
process

Flow of dissolver off-gas

Flow of dissolver solution

Ⅰ: Condenser
Ⅱ: Acid absorber
Ⅲ: Caustic washing column

HEPA filter Iodine filter

Ⅰ ⅠⅡ Ⅲ

Magazine

Dissolver

Chopping
machine

Sampling point of
dissolver off-gas
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Percent defference
(%)

Plutonium concentration
(kg/MTU)Sample

EvaluatedDeclared

0.28.228.20Ａ

-0.98.008.07Ｂ

2.28.318.13Ｃ

4.08.017.70Ｄ

-0.78.108.15Ｅ

4.78.418.03Ｆ
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The sample preparation is carried out by remote control in a 
shielded cell because HALW sample, which contains fission 
products, is highly radioactive. The sample cell was designed 
to be easily remote controlled. The sample cell was made of 
materials which are highly radiation resistant. The sample cell 
installed in a shielded cell was connected to a spectrophotometer 
by a set of optical fibers.
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A known amount of non- radioactive neodymium was added 
to the sample aliquot. From the absorbance ratio of 
the neodymium standard and plutonium, the plutonium 
concentration was calculated. The neodymium initially 
contained in HALW as one of the fission products was 
corrected for by measuring the absorbance ratio of plutonium 
and neodymium.
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(92 mm in diam. 46 mm in height)
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①Medical images

②Making a
　patient’s model

④Calculation model

⑤Calculation with a
　neutron-photon Monte-
　Carlo transport code

Decision of an optimum condition

⑥Outputting 
　dosimetry results

③Set calculation
　conditions

Neutron
beam

Neutron
beam

Tumor

Neutron
beam

Beam spectrum, direction, etc.

Implementation of
the optimum 

condition decided
by using JCDS

Horizontal plane

Vertical plane

Beam Port
Tumor

Horizontal
Laser Lines

Porus acusticus
externus

Nasal
apex

Vertical
laser lines

Dose Planning System, JCDS

CT data

MRI data
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Hot cell at JMTR HL

Dismantling

Re-assembling

Bottom

Top

Circumferential welding

Circumferential welding

Set specimens in test unit

Covered by inner tube
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(a) Basic layout of research shafts (b) Layout of surface facilities
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Mutsu
Decommissioning 
of Nuclear Ship

Tokai
Basic Research, Safety Studies, Neutron 
Science, Nuclear Fuel-cycle Technologies, 
Rad-waste Management and Disposal, etc.

O-arai
Experimental Reactors JOYO, HTTR and
JMTR; Advanced Reactor R&D including
FBR Cycle Commercialization

Kansai
Photon & Synchrotron Radiation 
Science

Tsuruga
Prototype Fast Breeder Reactor 
MONJU,
Decommissioning of Advanced 
Thermal Reactor FUGEN

Tono
High-level Rad-waste 
Research

Horonobe
High-level Rad-waste 
Research

Ningyo-toge
Decommissioning of Uranium 
Enrichment Plants

Naka
Fusion R&D, ITER 
Support

Takasaki
Radiation Application
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Research and Development Directorates

Nuclear Safety Research Center

Advanced Science Research Center

Nuclear Science and Engineering Directorate

Quantum Beam Science Directorate

Fusion Research and Development Directorate

Advanced Nuclear System Research and Development Directorate

Nuclear Fuel Cycle Technology Development Directorate

Geological lsolation Research and Development Directorate

Nuclear Cycle Backend Directorate

Management Sector
Policy Planning and Administration Department

General Affairs Department

Auditor Office

Legal Office

Personnel Department

Labor Relations Department

Financial Affairs Department

Contract Department

＊1: since Feb. 2006, ＊2: since Apr. 2006

Research and Development
Institutes/Centers

Tsuruga Head Office

Tokai Research and Development Center

J-PARC Center ＊1

O-arai Research and Development Center

Naka Fusion Institute

Takasaki Advanced Radiation Research Institute

Kansai Photon Science Institute

Horonobe Underground Research Center

Tono Geoscience Center

Ningyo-toge Environmental Engineering Center

Mutsu Establishment

Project Promotion Sector
Safety Administration Department

Public Relations Department

Industrial Collaboration Promotion Department

International Affairs Department

Construction Department

Intellectual  Resources Department

Center for Computational Science & e-Systems

Nuclear Nonproliferation Science and Technology Center

Nuclear Technology and Education Center

Nuclear Emergency Assistance and Training Center

Tokyo Office

Aomori Office ＊2

AuditorPresident

Executive Vice President

Executive Director
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About the Design of the Cover:

The cover is designed envisage a hopeful future shining in the sky with a blue color derived from the color of the 
JAEA logo. This is accompanied with white colored hexagons similar to the pattern in a tortoise shell 
symbolizing the wish of people for longer lives since ancient times in Japan. Coincidentally, this shape is the 
same as that of the core fuel assemblies both of the prototype Fast Breeder Reactor, "MONJU", and the High 
Temperature Test Reactor, "HTTR".

The two ellipses are bird's-eye views of "MONJU" (at Tsuruga Site) and the Japan Proton Accelerator Research 
Complex, "J-PARC" (at Tokai Site, under construction), both of which are major facilities of JAEA. They are 
expected to make great scientific breakthroughs as well as technological innovations in the near future.
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