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1. Introduction

There are a variety of reasons for wanting to know
the tritium inventory in stainless-steel which is the most
common material used to contain tritium. Recently, in
Korea, a study on the trittum handling system for
recycle of tritium which is collected by Wolsong
Tritium Removal Facility (WTRF) was started. Some
tritium enters the steel and subsequently decays to
helium. This helium can result in severe deterioration of
the mechanical properties of the steel [1]. In the
previous study, analytical solutions of tritium and
helium concentration profile in the wall of stainless steel
were suggested [1] and tritium inventory in the wall of
stainless steel was evaluated by numerical method [2].
The aim of this study is to obtain analytical solutions of
tritium and helium inventory and to compare with the
numerical result.

2. Methods and Results

It is well known that time-dependent diffusion of
radioactive material into a wall of which is taken to be a
planar sheet with x=0 at the inner surface as shown in
Fig. 1.
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Fig. 1. Tritium diffusion into a wall of stainless steel

The governing equation is described by:
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In steady state permeation the tritium concentration is
linear through the sheet. In all calculations in this study
Cr(l,t) and Cr(x,0) are assumed to be zero. The
concentration Cr(0,t) is set by the tritium gas pressure
and temperature, i.e., C1(0,t) = Cgr. Cgr is the tritium
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solubility in the surface of stainless steel. Masayasu
SUGISAKI et al. derived and suggested the tritium
solubility in SUS-316 stainless steel from the
experimental data [3].

2.1 Analytical solutions of tritium and helium inventory
in the wall of stainless steel

An analytical solution of Eq. (1) is tritium profile in
the wall of stainless steel and the time integral of tritium
profile is the helium profile in the wall of stainless [1].
To obtain tritium inventory, the solution of tritium
profile will be integrated with length and the result is
described by;
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Also, helium inventory in the wall of stainless steel
can be obtained by integration with length of helium
profile and the result is described by;

i ki(1—cos(nr))

A

— 1—exp(—at

a ~ ( Dl’lzﬂ'zj ( p( ))
nr| k+

1.2
2

lZ

n=1 l

2/12"’: ( Dr(1-cos(nr))
k

idd 3

Vs Dn*n? ]( DnzﬂzJ )

+— A+—7
/ /

(=l =)

where A is tritium decay constant (sec’), a = A/2,
k=h-a, t is time (sec”), D is diffusion coefficient
(cm*sec™)

2.2. Model comparison to numerical solutions
Tritium and helium inventory as a function of time
of storage vessel is shown in Fig. 2. under assumptions

as follows;

(1) The thickness of stainless steel is 10 mm
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(2) The temperature of steel is 349K
(3) Tritium is initially charged in the vessel and there
is no additional charging

0.14 1
= 0124 Tritium
2 Heium
o 0.10
1S
E 0.08
2
2 0.06
c
2
Z 0044
0.02 4
0.00 T T T T
10 20 30 40

Exposure Time (Unit : Year)

Fig. 2 Tritium and helium inventory as a function of
time of stainless steel

To validate analytical solutions of Eq. (2) and (3), these
solution’s results are compared with the numerical
results which is obtained by Simpson’s integral method.
The error between analytical results and numerical
results are calculated and shown in Fig. 3.
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Fig. 3 The error of tritium and helium inventory
between analytical results and numerical
results ,corresponding to the result of Figure 2.

3. Conclusions

In this study, analytical solutions of tritium and
helium inventory in the wall of stainless steel were
derived and suggested. Also, these solutions were
validated by comparison with numerical results. In the
previous study [2], simplified analytical model of
tritium inventory was suggested but that model is only
available under the limited time and partial pressure. As
shown in Fig 2, tritium inventory is increased and
decreased as a function of time due to the radioactive
decay. Once the helium originates from decay of tritium,
there is little diffusion of helium in the steel. Therefore,

helium inventory as a function of time is gradually being
increased. These analytical solutions can be used to
evaluate the tritium and helium inventory in the wall of
stainless steel which is used the tritium storage vessel,
tank, and the tritium handling system.
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