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Analysis on Tritium Permeation in Tritium Storage Bed with Gas Flowing Calorimetry
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Tritium permeation amount in a tritium storage bed with gas flowing calorimetric was evaluated
under a condition of new operation mode for International Thermonuclear Experimental Reactor (ITER).
As a result, trittum permeation under the new operation mode was estimated to be about twice of that under
the practical operation mode. This results was it would be regardless in a view point of material control of
tritium, however, it was suggested to be required additional tritium removal or evacuate system in a view
points of safety control or performance of accountability or thermal insulating of the tritium storage bed.
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Table 1 Operational conditions of each operation mode

Heating period Bed Tritium partial pressure
temperature
N-mode 14,400sec 623 K 1x10*Pa
RH-mode 27,000sec 573K 3,000sec 1x10*Pa (Supp]y)
9,000sec  1x10°Pa (Stand by)
RL-mode 27,000sec 573K 1x10°Pa

Table 2 List of calculation conditions, materials and properties for tritium transport of each material.

Vacuum Jacket Helium loop
Thickness of 3.0x10%/5.0x10° 5.0x10*
enclosure (m)

Surface area(m2) 9.66x10%/3.07x10 4.32x10?
Materials 316L stainless steel Cu
Dy(m?/s) 5.16x107 9 5.06x107 7

Ep(kJ/mol) 4789 37.78 7
Ks, 2.57x10% 9 4.1x102 7

(atoms/m”*)

Es(kJ/mol) 13.99 3577
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Fig. 1 Conceptual design of the tritium storage bed with gas flowing calorimetry
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Fig. 2 Detail design of the ITER tritium storage bed with gas flowing calorimetry
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(a) Analytical geometory of T permeation to He circulation coil (He)
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(b) Analytical geometory T permeation to Vacuum Jacket (VJ)

Fig. 3 The Geometry of tritium permeation calculation.
(a) Geometry of the He loop, (b) Geometry of the vacuum jacket
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Fig. 4 Operation scenario of bed temperature and tritium pressure
in the bed for N, RH, and RL-mode
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Fig. 5 Equilibrium pressure of the hydrogen - Zr-Co system
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Tritium permeation (x10 "atoms/s)
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Fig. 7 Time sequence of tritium permeation rate through
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the He circulation tube (He loop)
(Results of one cycle)
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Fig. 8 Time sequence of tritium permeation rate through the wall of the
Zr-Co packed bed to the vacuum jacket.
(Results of 15 cycles)
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Integrated tritium permeation (x10" T, molecules)
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Fig. 9 Integrated tritium permeation amount at the He loop

and the vacuum jacket for each operation mode
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Fig. 10 Comparison of tritium permeation amount between the He
loop and the vacuum jacket.
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Fig. 11 The effect of the operation mode on tritium permeation

rate at the He loop and the vacuum jacket.
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Fig. 12 Time sequences of tritium permeation rate through the copper tube for He loop.
The results of 316L SS is also shown for comparison.
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Fig. 13 Difference of tritium permeation rate between the stainless
piping He loop and the copper piping He loop.
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Fig. 14 Comparison of tritium concentration increase rate in every cycle
at the He loop and the vacuum jacket for each operation mode.
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Fig. 15 Change of specific heat of purge gas flowing in the helium loop

induced by tritium permeation during one cycle operation.
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