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Conceptual Design of Cesium Removal Device for ITER NBI Maintenance
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Cesium is required in order to generate a stable negative ion of hydrogen in an
ion source of the neutral beam injector (NBI), which is one of the plasma-heating
devices for International Thermonuclear Experimental Reactor (ITER). After long time
operation of the NBI, the cesium deposits to the insulators supporting the electrode.
Due to the deterioration of the insulation resistance, the continuous operation of
the NBI will be difficult. In addition, the NBI device is activated by neutrons from
D-T plasma, so that periodic removal and cleaning of the cesium on the insulators
by remote handling is required. A study of the cesium removal scenario and the device
is therefore required considering remote handling. In this report, a cesium removal
procedure and conceptual design of the cesium removal device using laser ablation

technique are studied, and the feasibility of the laser ablation method is shown.

Keywords : ITER, Neutral Beam Injection, NBI, Cesium Removal, Laser Ablation,

Remote Maintenance

This work is conducted as ITER Technology R&D and this report corresponds to ITER
Design Task Agreement (D418-]-3).
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Table3.2-1 Clock time of decontamination with a cesium decontamination device

Step Work item Time

Step5  Installation to an insulator part of a removal tool 50 minutes
Cesium adhesion situation confirmation for 10 minutes
Tool movement for 15 minutes
The establishment for 20 minutes
Establishment state confirmation for 5 minutes

Step6  Removal work start 50 minutes
Head movement (a start position) for 5 minutes
Laser oscillation for 30 minutes

It is kept in its mind warm-up time

The decontamination start (decontamination head for 10 minutes
activation)
~ decontamination end (a decontamination head
stop)

Step7  The removal work end 5 minutes
Removal state confirmation for 5 minutes

Step8  Disconnection from an insulator part of a 35 minutes

removal tool and movement
Tool disconnection
Tool movement

for 20 minutes
for 15 minutes

Decontamination time of one insulator

140 minute (2.3Hr)




JAERI-Tech 2003-004

Table 4.2-1 Comparison of Pulse Lasers

Laser

(Wave length) Solid Gas
YAG Excimer TEA-CO, Copper
Ttem (1.064pm) (0.2~0.3pm) (10.6pum) (0.5um)
Excitation Lamp (Optical Electrical discharge
Method excitation)
Oscillator Oscillator Oscillator Oscillator
System Power supply Power supply Power supply ‘Power supply
Configuration | Chiller | Chiller Chiller Gas supply
Gas supply Gas supply Heater
» Circulatory » Circulatory system
system
Size of System 1 4m 9 nt 3m
(Floorage) Imx1lm 2mx2m 3mx3m 1mx3m
Fiber Possible Impossible Impossible Possible
Transmission .
Underwater Impossible (If the Impossible Impossible Possible
Transmission second harmonics
is wused, it is
possible.)
Articles of Lamp (3x10’Shot) Laser gas Laser gas Copper - Gas
Consumption | 50Hz:170Hr (Corrosion) (Addition)
Electrode Electrode Electrode
Running cost Electric power Electric power Electric power | Electric power

+ Gas

+QGas
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Table 6.2-1 Technical Issues and Improvement Method

No. Technical Issues Imprdvement method
1 |Optical system design and R&D *Designs for mock light (He-Ne laser etc.), and
R&D
* Design of optical system for the YAG laser
according to R&D and experimental proof
2 |Contamination of optical system in|*Cleaning R&D using contaminated post insulator
cleaning with cesium in ITER condition
- As a result, if cleaning of optical system is
necessary, air curtain etc should be installed.
3 |Number of laser pulse required for|-Number of laser pulse is decided by R&D using

sufficient cleaning

contaminated insulator with cesium in ITER
condition.

(Amount of the residual cesium can be measured
by the ICP analysis.)
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Fig. 2-1 Overviews of NBI lon Source (Dirhensions in mm)
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e : Dotted line shows the area where the Cs Cleaning is required.

Fig. 2-2 Overview of Insulators (Cross section)
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Fig. 3.1-1  Flow Diagram of Cesium Cleaning Procedure
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e Cesium Capture Plate

Laser Beam

Fig. 3.1-9 Conceptual 3D-Drawing for Cesium Cleaning
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Beam diameter: ¢ 3
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¢ 110

Fig. 4.2-11 Relationship of a beam diameter and positioning accuracy
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