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How did the core melt? 
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 NSRR core in operation 

Water 
Test fuel rod 

Surrounding 
condition 
 ･Steam 
 ･Air 
 ･Others 

A schematic diagram of the capsule 
and fuel rod used in the experiment. 
 
The height of the fuel rod is approx. 
30 cm 

 JAEA will start the experiment to investigate the condition and 
process of fuel melting by heating the fuel rod under simulated loss-
of-coolant conditions.  



Melting and Solidification of Simulated 
Reactor Components 
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The following figures show calculation results of melting and 
solidification behavior of simulated reactor components under a 
simplified reactor structure condition. 

For more information, click here. 

http://nsec.jaea.go.jp/ndre/ndre2/tfg/en/index.html
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How did the core melt? What is the situation in the core, now? 

The temperature of 
this area is high 

Temperature (°C) 
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It is estimated that the most 
of the fuel is damaged, 
melted and deposited on the 
lower head of the Reactor 
Pressure Vessel or in the 
Primary Containment Vessel.  

 This shows a simulated 
temperature distribution on the 
surface of the lower head of the 
Reactor Pressure Vessel 
heated by relocation of the 
melted fuel. It is estimated that 
the temperature of the upper 
portion is higher due to the 
natural convection.  



5 

Shapes of assemblies  
and pellets are 
partially maintained 

Reaction products 
with concrete 

Appearance Cut section 

What is the status of the fuel debris? 

 It is estimated that debris of 
different properties can be 
found as shown on the left.  

The following pictures show the actual fuel debris produced 
at the TMI accident 

Solidified in 
different shapes 

Reactor  
Pressure 
Vessel 

Primary  
Containment 

Vessel 
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  In the accident, the fuel debris may have interacted with sea water. We investigated 
the possible reaction products by heating simulated debris and sea salt deposit. The 
picture below shows results of microstructure observation and elemental analysis. 
Calcium and sodium uranate layer was formed on the surface of the simulated fuel 
debris.  

What is the status of the fuel debris? 

Fuel assembly and control rod are melted 

Reaction of fuel debris and seawater  

Mixture 

Solidified molten material 

Salt residue 

Uranate layer 

  It is estimated that core materials including fuel assemblies and control rods were 
molten and solidified to form fuel debris in the reactor pressure vessel. The pictures below 
show the mixture of components of fuel assemblies and control rods (left) and the 
appearance after arc-melting (right).  



7 

How to check the core? 

Primary containment vessel 

Reactor pressure vessel 

Pedestal 

How to survey the core? 

Use the fiber 

 JAEA is developing a radiation –resistant and 
waterproof fiberscope to survey the core. The above 
picture shows a probe, which is the object lens to be 
installed at the tip of the fiber.  
 The top right indicates the simulated fuel debris and the bottom right is the image of this 
debris in the water taken with the probe.  
 For more information, click here. 

The fiber is inserted through the vertical hole 
on the upper lid of the reactor pressure vessel 
called “the reactor well" to survey the reactor 
pressure vessel.  

The fiber is inserted through the hole 
penetrating from the primary containment 
vessel to the pedestal to survey inside the 
pedestal.  

The fiber is inserted through the 
cable penetration to the primary 
containment vessel to survey 
outside the pedestal on which the 
containment vessel is seated.  

http://fukushima.jaea.go.jp/english/topics/pdf/topics-fukushima039e.pdf
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Use cosmic-ray muon  

 JAEA is developing technology to see through the containment vessel using 
cosmic-ray muon in order to survey the core. The upper pictures are schematic 
diagrams of the internal structure visualization test conducted for the High 
Temperature Engineering Test Reactor (HTTR) and the lower picture shows the 
data of the core which obtained from the test.  
 For more information, click here. 

http://fukushima.jaea.go.jp/english/topics/pdf/topics-fukushima039e.pdf
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Click this figure  
to watch the video.  

Laser head 

Laser head→ 

30 mm 

The above picture shows the test to cut the metal (mild steel) with laser. The metal 
melts by continuous irradiation of the laser and the melted metal is discharged with 
gas.  

Metal 

  In order to take the fuel debris out, it is necessary to cut and crush the debris into the 
appropriate size for recovery. JAEA is conducting tests for cutting the metal and crushing 
the ceramics using laser as a part of the technology development for taking the debris out.  

  The above picture shows the test to crush the 
ceramics (alumina) with laser. The picture on top 
right shows the instance the alumina is irradiated 
with the laser and the picture on the right shows 
the overview of the material after the laser is 
applied. The alumina plate can be broken into 
small pieces by irradiating several points with 
laser in a very short time.  

For more information, click here. 

Cut the metal and crush the ceramics with laser 

http://www.jaea.go.jp/04/turuga/re-za/english/index.html
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Simulate the cutting process

t = 2.815 sec t = 3.040 sec t = 3.230 sec 

Laser 
machining head 

Metal 

Thickness: 30 mm 

Movement 
direction 

Flow of gas 

Image showing that the melted metal moves downward by laser irradiation 

A diagram showing 
the cutting process 

アシストガス

移動方向

レーザー光

レーザー加工ヘッドLaser head 

Laser ray 

Movement 
direction 

Assist gas 

  This shows the simulated metal cutting process with laser. The above figures show the 
calculation domain of the simulation and its image. In this calculation, laser light and 
assist gas are emitted from the laser head. As shown in the lower figures, the metal 
melted by laser irradiation moves downward by the gravity and assist gas to be ultimately 
blown away. The metal can be cut by repeating this process. By comparing these results 
with the experiment and reviewing, it is possible to more quantitatively evaluate the 
phenomenon of the cutting process. Through these review process, the laser irradiation 
condition can be determined by simulation according to any objects that need to be 
extracted.  
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Metal 
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  The fuel debris come in complex materials and shapes as they have been once melted and 
solidified later. Therefore, JAEA is producing test pieces of complex shapes combining metal and 
ceramics for continuous cutting and crushing tests with laser. In the test, the shape is verified by 
the laser scanner (Photo 1), and the cutting path is determined based on the 3D information 
(Photo 2). The laser head is moved along the path (Photo 3), to cut the metal portions and crush 
the ceramics portions (white area in the Photo) (Photo 4). Photo 5 shows a similar test conducted 
under water.  

Path along which the laser head is 
to be moved 

The shape is being measured 
by the laser scanner 

3D information of the surface obtained by 
the scanner 

The laser head is moved along the 
path to cut the metal and crush the 
ceramics Test piece after laser irradiation 

Laser irradiation test under water 

Cut/crush test pieces of complex shapes 
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Functions of the control area are preserved 

Reactor containment vessel 

Turbine 

Generator 

Reactor cooling system 
recycling pump 

(Note) Process decontamination, etc. is assumed 

Reactor building 

Turbine building 

Reactor supplementary building 

Sampling of recycling system piping 

Dismantle after dismantling of reactor area 
- Waste processing facility 
- Ventilation system, etc. 

Dismantling of reactor area 

Dismantling of reactor peripherals 

Dismantling of equipment 
which completed its service 

Demolition of buildings 

Distribution of Waste in Fugen Facility 
JAEA is proceeding with the decommissioning project of "Advanced Thermal Reactor (Fugen)". 
Currently, a part of the condenser and turbine equipment of (1) in the following figure is being 
disassembled and removed.  

：Non-radioactive 

Biological shield Wall concrete 
core 

Partial dismantlement of turbine system 

recovery of l heavy water, removal of tritium 

(1)Spent Fuel Transfer Period  (2) Reactor peripheral equipment dismantling 
Period 

(3)Reactor dismantling Perod (4) Building demolition Period 

：Level 1 (Relatively high) 
：Level 2 (Low) 
：Level 3 (Extremely low) 
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Leverage the experience from "Fugen" 
The following picture shows the dismantling of low pressure feedwater heater.  

Before dismantling 

After dismantling 

Steam Turbine condenser 

 JAEA is planning to start the dismantling of the nuclear reactor of “Fugen” 
around 2022.   We are currently proceeding with the conceptual design of the 
underwater remote demolition system, based on the examination of dismantling 
method of the reactor and basic testing. In addition, leveraging findings of these 
cutting technologies, we are developing technology for cutting/disassembling the 
structures in the reactor, toward the decommissioning of Fukushima Daiichi 
Nuclear Power Station.  
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