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clearance rule is put into operation. It was found that 
some additional controlled on-site facilities or areas 
other than the existing JT-60 storage building are 
required for their storage and management. 

(3)� Estimation of Low Level Waste by a Regulatory 
Clearance.

Low level waste of the JT-60U has been estimated by a 
regulatory clearance [2.7-1]. The JT-60U consists of 
main devices including a vacuum vessel, magnetic coils, 
heating devices such as neutral beam injectors and radio 
frequency systems. Those structural materials include 
copper, stainless steel, carbon steel, high manganese 
steel, inconel 625, ferritic steel, lead and others. The 
gross weight of the devices is about 6,400 tons.  

Neutron and gamma-ray fluxes during an operation 
were calculated with the ANISN code. Induced activity 
of the materials was calculated by the ACT-4 code in the 
THIDA-2 code system at various times after an 
operational shutdown. The total neutron yields was 
assumed to be 1.14x1020� n for fourteen operation years 
of the JT-60U. 

Figure I.2.7-1 shows time evolutions of the volume 
of activated materials after the shutdown. The report of 
IAEA RS-G-1.7 [2.7-2] was referred to compare 
clearance levels to the results of the activated nuclides 
induced on the structural materials. The amount of the 
low level waste of which activation levels exceed the 
clearance levels is about 5000 tons just after the 
shutdown. On the other hand, the amount below the 
clearance levels is 1400 tons.  

Fig.I.2.7-1 Time evolutions of the volume of activated 
materials at the various cooling time after the shutdown. 

The former decreases with time and vanishes at 45 
years after the shutdown. Asymmetrically, the latter 
increases year by year as shown in the figure. In JT-60U, 
stainless steel SS316 of about 50 tons, of which Cobalt 

content is 0.2 wt%, are used for the base plates of the 
first wall inside the vacuum vessel. The major source of 
the activated level of the waste, therefore, takes about 
45 years until less than the clearance level due to the 
long half-time nuclide 60Co. 

2.7.3�  Nuclear Shielding Assessment using ATTILA 
Code 

Neutron fluxes of a tokamak fusion device with a 
cryostat were calculated with the three dimensional 
(3D) nuclear shielding code, ATTILA. ATTILA is a 
numerical modeling and simulation code designed to 
solve the 3D multi-group Sn transport equations for 
neutrons, charged particles, and infrared radiation on an 
unstructured tetrahedral mesh. It uses a traditional Sn 
source iteration technique for solving the first order 
form for the transport equation.  

Figure I.2.7-2 depicts a demonstration result of the 
total neutron flux distribution for a typical 
superconducting tokamak with a cryostat.� From the 
results, ATTILA has proved to be useful to analyze the 
nuclear shielding properties especially for the port or 
duct streaming of an experimental building. 

Fig. I.2.7-2 Total neutron flux distribution of a typical 
superconducting tokamak device (by ATTILA code). 

2.7.4� Development of High Heat Resistant Neutron 
Shielding Resin  

In fusion tokamak devices, temperature near a vacuum 
vessel is expected to rise up to ~300 oC, because the 
wall conditioning by vessel baking is of crucial 
importance for plasma discharge operations. 
   Shielding materials such as polyethylene and 
concrete are widely used. Polyethylene is the most 
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Fig.I.3.2-1 Remote experiment of JT-60 from IPP Garching. 

communication data to display a discharge condition 
reference page was measured with packet capture 
software. Throughput was calculated from the window 
size and the measured Round Trip Time (RTT), and the 
turn around time was measured from the amount of 
communication data and throughput. When RTT was 
290 milliseconds, the turn around time was 4.13 
seconds for the remote experiment from IPP Garching. 
This gave the applicable response to the remote 
participants, and it provided mostly the same 
environment as the onsite researcher.  Results are great 
advances towards the remote experiment in ITER. 
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the pressure gradient and the current density destabilize 
the edge MHD mode and expand the mode structure.  
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2.2 SOL-Divertor 
Divertor of tokamak reactors has four major functions, 
heat removal, helium ash exhaust, impurity retention, 
and density control. Such divertor performance strongly 
depends on the various physics, i.e. plasma transport, 
kinetic effects, atomic processes, and plasma-wall 
interactions.�In order to understand complicated divertor 
physics and to predict divertor performance, JAEA has 
developed a series of divertor codes, onion-skin 
modeling, SOLDOR, NEUT2D, IMPMC, PARASOL, 
5-point divertor code coupled with a core transport code 
(TOPICS-IB), and Core-SOL-Divertor model (CSD).  

The benchmark test of SOLDOR/NEUT2D code 
with B2/EIRENE code was attempted. The simulation 
study of JT-60SA divertor was carried out with 
B2/EIRENE and the difference between single-null and 
double-null configurations was confirmed [2.2-1]. 

The CSD model was developed to take into account 
impurity radiation and momentum loss in the divertor 
region and the divertor detachment was investigated 
[2.2-2]. 

2.2.1 Development of Integrated SOL/Divertor Code 
and Simulation Study 

To predict the heat and particle controllability in the 
divertor of tokamak reactors and to optimize the 
divertor design, comprehensive simulations by 
integrated modeling allowing for various physical 
processes are indispensable. SOL/divertor codes have 
been developed in Japan Atomic Energy Agency for the 
interpretation and the prediction on behavior of 
SOL/divertor plasmas, neutrals and impurities [2.2-3]. 
The code system consists of the 2D fluid code 
SOLDOR, the neutral Monte-Carlo (MC) code 
NEUT2D, and the impurity MC code IMPMC. Their 
integration code “SONIC” is almost completed and 
examined to simulate self-consistently the SOL/divertor 
plasmas in JT-60U. In order to establish the physics 
modeling used in fluid simulations, the particle 

simulation code PARASOL has also been developed. 
Simulation studies using those codes are progressed 

with the analysis of JT-60U experiments and the 
divertor designing of JT-60SA. The X-point MARFE in 
the JT-60U experiment is simulated. It is found that the 
deep penetration of chemically sputtered carbon at the 
dome for the detached phase causes the large radiation 
peaking near the X-point as shown in Fig. II.2.2-1. The 
pumping capability of JT-60SA is evaluated through the 
simulation. A guideline to enhance the pumping 
efficiency is obtained in terms of the exhaust slot width 
and the strike point distance. Transient behavior of 
SOL/divertor plasmas after an ELM crash is 
characterized by the PARASOL simulation; the 
fast-time-scale heat transport is affected by collisions 
while the slow-time-scale behavior is affected by the 
recycling.

Fig. II.2.2-1 Simulation results of (a) carbon radiation profile
and (b) C+ ionization point distribution for X-point MARFE in 
JT-60U.

2.2.2 Extension of IMPMC Code toward Time 
Evolution Simulation

As a self-consistent modelling of divertor plasma and 
impurity transport, the SONIC code package has been 
developed. The key feature of this integrated code is to 
incorporate the impurity MC code, IMPMC. The MC 
approach is suitable for modelling of interactions 
between impurities and walls, including kinetic effects, 













included in the current measured by a calorimeter. To 
separate the electron in the beam, a pair of small 
magnets and electron dump was installed for the second 
campaign. Figure.III.1.1-3 shows the amount of electron 
accelerated together with the negative ion. The electron 
current was evaluated by the difference between the 
power supply drain current and the H- ion current 
measured by the calorimeter. All the data in Fig.III.1.1-3 
are obtained at the same gas pressure and at the 
perveance matched conditions. The electron current for 
the SINGAP was three times larger than that of the 
MAMuG. Current measurement of the pre-acceleration 
grid (1st Acceleration grid: A1G) suggests that large 
amount of secondary electron is emitted from the A1G 
due to incidence of the backstream ions. From the result 
of beam trajectory calculations, the heat load by the 
electron was estimated to be 4 MW for the SINGAP if it 
was adopted in ITER, which is troublesome to handle 
such high heat load in the current ITER NB design. 

Fig.III.1.1-3 Co-accelerated electron current for SINGAP 
and MAMuG as function of negative ion current. 
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1.2 Compensation of Beamlet Repulsion in a Large 
Negative Ion Source 

In the large negative ion source utilized in the NB 
systems of JT-60U, excess heat loads on the accelerator 
grids and downstream components are one of issues in 
an attempt of long pulse operation. The heat loads are 
generated by deflected beamlets due to their own space 
charge repulsion. In JT-60U, metal bars were attached 

around the aperture area at the exit of the extractor, 
namely, the electron suppression grid (ESG). Formation 
of electric field distortion around the metal bars steers 
the beamlets from outermost apertures to counteract the 
beamlet deflection, however, the field distortion does not 
propagate to all over the extraction area. In order to steer 
all beamlets properly, the space charge repulsion of 

beamlets and beamlet steering by aperture offset were 
simulated by utilizing a three dimensional beam 
calculation code, OPERA-3d. Proper aperture offset to 
compensate the beamlet deflection was estimated 
according to the thin lens theory. 

In this numerical study, fifty beamlets extracted from 

Fig.III.1.2-1 Fifty beamlets in accelerator 

Fig.III.1.2-2 Beam footprints at 3.5 m downstream from 
GRG. 
(a)without and (b) with offset aperture in ESG. 






































