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Abstract
Vast amounts of tritium will be used for thermonuclear fusion reactors. Without
establishing safe handling techniques for large amounts of tritium, undoubtedly the
fusion reactors will not be accepted. Japanese activity on tritium related research has
considerably developed in the last 10 years. This review paper gives a brief summary

of safe handling techniques developed by Japanese research groups.
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Fig. 1. An example of tritium flow diagram for a thermonuclear reactor with 1000
MW(e) . (Ref. 2) ’
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Table 1. Research targets and technological subjects on tritium science and engineering.

(Ref. 3)
Sys%zrél}{éslzegn;ble Basic Technology Purpose
Tritium I\R/[ecovery/ Deﬁi}{iat?on. Establish satisfactorily reliable
Containment easuremenF onitoring tritium handling technology to as-
Waste handling sure employees and public safety
System Assessment
Breeding /Recovery
Purification,/Separation Establish maximum production
Fuel Cycle Fuel management,/Injection yield and use efficiency (100% (?)
Recovery,”Storage recovery and minimized inventory)
Tritium behaviorinmaterials
) Construction of tritium data base
Tritium plasma behavior to lead into full understanding of
) ) tritium-material interaction
Mat.erlél Data base of physicochemi-
Designing cal properties of tritium,/ New application of tritium
its compounds
Related nuclear reactions
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Table 3. Typical tritium measuring devices and their working ranges. (Ref. 25)

Total amount,/ Ci
Method/device 10714 107'2 10°1° 10°¢ 10°° 1074 10°2 10°
T T T

¥ T

Weighing | ceceecessamcess-

Yolumetric |  eeeecemmanans
Calorimetrie (. eeeaaaa. -
Liquid Seintillation [----------
Gas Chromatograph

Total amount

Mass Spectrometer

Secondary Electron
Multiplier

Plastic Scintillation
fonization Chamber

Proportional Counter [--=--=--=---

Raman Spectroscopy |  eeeeeanes —

Concentration

Infrared Spectroscopy |  eemeaaaas

Bremasstrahleng |  ieeeieeecaes
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Fig. 14. Cross-sectional view of the proportional counter. (Ref. 27)
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Fig. 15. Correlation between the bremsstrah-

lung counting rate (C) and the total

pressure of the sample gas (P) .

(Ref. 27)
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Fig. 16. Cross section of tritium detector using

inorganic fluorescent powder.

(Ref. 28
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Fig. 17. Luminescent intensity for various
fluorescent materials. (Ref. 28)

Fig. 18. Schematic diagram of Raman scatter-
ing spectroscopic apparatus for tritium
analysis:A, Ar*—Laser ; B, Hood ; C,
Data Processor ; D, Spectrometer ; E,
Effluent Removal System (ERS) ; F,
Circulation Pump;G,lonization Cham-
ber ; H, Container ; I, Gas Cell ; J,
Telescope Lens ; K, Mirror ; L, Grat-
ing ; M, Optical Fiber ; N, Photo-multi-
plier. (Ref. 34)
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Table 4. Various fixation methods for tritiated

water waste. (Ref. 43)

Leaching rate

- Wats it; S 1
Water Immobilization by ater capaclty ampe X
(wt %) weight* (intc water)
Cement Portland 0.15 4578 6.6 %/ day
Adsorbent Alumina 0,15 6340 g 1.7 % /day
Drying Slaked lime 0.21 500 g 75 %/ day®
agent
Nickel sulfate 0.41
Sealing of immobilized Water state Sample Lgaching rate
water with volume (into_water)
t+1 35 1 1 X107 %/di
0.155 e Polyethylene cement¥iime /day
h: +
Polythylene +asphalt cement+lime 9 1 <1077 %/day
+matallic can
imm bitumen cement 100 cc 3.1% 1077 %./day
Polystylene impregnation cement 828 g 42X 10"t %/day
Beads wax drying agent 216 1 1 X107 % /day
Immobilization. with Atomic raio Sample Leaching rate
(T/Zr) weight {into water)
Zirconium sponge 0.91 31g 1.3% 107 %./day
Zirconium rod 0.93 26g 4.7X10°* %/day

Immobilization by
organic material

Bakelite, Acrylonitrile,polystylene,
Polyacetylene

Tank package
Ampoule sealing

upto 200 ml of water

2) The leaching rate is proportional to the (sample volume) / (surface area) ratio.
b) Estimation from literature
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