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Introduction  

¸JAEA has been studied on characterization of fuel debris 

    and MCCI product for Fukushima Daiichi NPP (1F). 
ü Obtained fundamental data by simulated fuel debris and TMI-2 sample 

with considering 1F distinctive reactions 

ü Estimated 1F debris properties as mechanical and chemical 

ü Created the  debris properties list  
 

   Contribute to preparation and planning for 1F decommissioning.  
 

¸1F debris sampling will be performed in the near future, and 

JAEA is conducting preparation for debris analysis.  
ü Considering the purpose of debris analysis 

ü Developing technics for debris analysis  

ü Considering how to feed back to 1F decommissioning and SA, etc.  

ü Considering international contribution 
 

   The 1F debris sample will specifically contribute to the defueling, storage, 

conditioning and disposal, and also to study on SA research and accident 

management. 
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Removal of spent fuel   
for Unit 1~4 

 

Removal of fuel debris 
 (Unit 1~3) 

Casks for 
spent 
fuel 

Mid -and -Long Term Roadmap  

                        Start debris defueling(2021) 

Phase 1 Phase 2  (within 10 yrs.) Phase 3 (after30-40yrs.) 

 Removal of spent fuel    
 (Unit 1 4) 

Decontamination, 
investigation, preparation, etc. 

Examination of appropriate measures  
for decommissioning, prepare for R&D 

Defueling of fuel debris 
 (Unit 1~3) 

Demolition & 
Disposal 

Process or  Disposal  

Storage Development of  
treatment technology and 
scenario study 

Decision on fuel debris 
processing / disposal methods 

1F Decommissioning Schedule  

2011 Now 2016 
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Purpose of debris characterization  

Debris properties Decommissioning 

ex. Wet storage 

cask 

canister 

ex. Submerged  

defueling 

ex. U/Pu recovery  

and vitrification 

c 

Consideration of 

Treatment 

Consideration of 

Pre-treatment 

cask 

Defueling 

Treatment 

Storage 

Disposal 

Design of  

Tools & Methods 

Chemical property 
Acid-solubility, antioxidant 

property, etc. 

Physical property 
Density, Drying characteristic, 

etc. 

Thermal property 
Thermal conductivity, Melting 

temperature, etc. 

Mechanical property 
Hardness, Fracture toughness, 

etc. 
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Specific effects  on 1F debris property  

Sea water  
(Temporarily fed 
as cooling water) 
 

Salt depo.  

Typical  perspective view of 1F reactor  

Debris fine  

As for 1F fuel debris,  specifically conditions are considered as following. 

ÅEffect of sea water (alternative coolant)   ₩salt deposition on the debris surface  

ÅEffect of B4C as control rod material  ₩borideô chemical form and distribution in the debris  

ÅEffect of concrete interaction (MCCI) 

ÅOther effects: Pu, Gd BP , leaching,   

    FP chemical form and etc. 

The property is estimated by simulated debris  

Solid phase, Components, Mixing rate,  

   Mechanical and thermal properties)  

ñThe propertyò contributes to 1F defueling plan 

and design (tool design, criticality safety control, 

storage and management) 

Concrete 

B4C 
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Fabrication  of  sim. fuel  debris  

(1) Sintering (2) Arc dissolution (3) Heating by light collection 

ÅSame as fuel pellet fabrication  

ÅMixture,  Crush,  Pelletize, 

Sintering Ar, ~1730ᴈ  

ÅAdditive: Gd2O3, Fe2O3, CaO 

ÅWith control oxygen potential 

yUO2 + (1-y)ZrO2 Ҧ ό¦yZr1-y)O2 ÅEntire uniform heating 

ÅRequired metal rich 

conditions  

ÅSimulated core debris , 

MCCI product 

Å₩5 g / sample 

ÅConcentrating light as heat sauce 

ÅErosion under thermal gradient 

conditions 

ÅVarious atmosphere gas 

ÅSmall scale MCCI:  Melting of 

(U,Zr)O2 
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Effect of cooling rate on ( U,Zr,Fe )O 2 

Sim. debris TMI-2 debris 

10µm 
10 µm 10 µm 

Melting pool 

Annealed  

20 µm 
Rapid cooling  

from molten state 

Sintering  

at 1600ᴈ 

Cubicle single phase 

Mixture of U-rich Cubicle and Zr-rich Tetragonal  

Upper crust 

Rapid cooling  

20 µm 

Melting pool 

Upper crust 

http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Graphic_TMI-2_Core_End-State_Configuration.png
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Sea salt and B 4C effect on sim. debris  

40 
µm 

(Ca,Na)-U-O Zr 

U 

Mg 

Ca 

Na 

U-Zr-O 
(Matrix 
of pellet) 

MgO(+NaCl) 
deposit 

U 

Zr 

Ca 

Elemental profile 

(1)  (U 0.4 ,Zr 0.6 )O 2 �USea water reaction in high temp.  
Aluminum crucible 

Salt filling 

Simulated debris 
pellet 

SEM images on the (U0.4Zr0.6) O2 pellet Heat-treated with salt at 1275K for 12h under air flow. 

Control 
rod  

(1)  B4C reaction in high temp.  
Mixture of  

B4C/SS/Zr/(U,Zr)O2 

(U,Zr)O2 

Alloy+Borid Arc  
melting  

(Fe,Cr,Ni)2Zr 

B4C/SS/Zr Mixture  

ZrB2 ZrC 
1: ZrB2     
2: (Fe,Cr,Ni)2B    

3: Fe-Cr-Ni    
4: Fe-Cr-Ni-(Zr,U) 

B4C/SUS/Zr/(U,Zr)O2 Mixture 


