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Increase of tritium concentration in the primary coolant for the research and testing reactors during reactor
operation had been reported. To clarify the tritium sources, a curve of the tritium release rate into the primary
coolant for the JMTR and the JRR-3M are evaluated. It is also observed that the amount of released tritium is
lower in the case of new beryllium components installation, and increases with the reactor operating cycle.
These results show the beryllium components in core strongly affect to the tritium release into the primary
coolant. As a result, the tritium release rate is related with produced °Li by (n,a) reaction from °Be, and
evaluation results of tritium release curve are shown as the dominant source of tritium release into the primary
coolant for the JMTR and the JRR-3M are beryllium components. Scattering of the tritium release rate with
irradiation time were observed, and this phenomena in the JMTR occurred in earlier time than that of the JRR-

3M.
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1 Introduction

Increase of the tritium concentration in the
primary coolant during operation for IMTR (Japan
Materials Testing Reactor) and the JRR-3M (Japan
Research Reactor-3M) had been reported [1-3] as
shown in Figure 1.

To study the sources and mechanism of the
tritium release into the primary coolant, data of the
tritium release into the primary coolant from 1998 to
2011 were collected from the operation data of the
JMTR, the JRR-3M and the JRR-4 (Japan Research
Reactor-4) [1]. As a result from the data collection,
tritium release rate of the JRR-4 without the
beryllium core components did not increase during
reactor operation. In contrast, the tritium release rate
is about 10~95 and 60~140 Bq/Wd in the JRR-3M
and the JMTR respectively, which cores contain
beryllium components, and the tritium content
increases while reactor operates. It is also observed
that the amount of released tritium is lower in the
case of new beryllium components installation, and
increases with the reactor operating cycle. These
results show the beryllium components in core
strongly affect to the tritium release into the primary

coolant. As a possibility of the sources of the
tritium release into the primary coolant, the
beryllium components by the chains reaction
(Figure 1) [4], the ternary fission by the **°U
impurity or contamination of core components or
fuel plate can be considered. As a possibility of
mechanism of the tritium release into the primary
coolant, the recoil, the diffusion, etc. can be
considered [1, 5]. However, above mentioned
results show only the phenomena, and it is not a
scientific evidences.

Therefore, as a first step of consideration of
sources for the trittum release into the primary
coolant, evaluation of the tritium release curve is
carried out in this paper [6].

2 Tritium Release into Primary Coolant

Outline of the JMTR and the JRR-3M
summarized in Table 1. The JMTR is the tank type,
and the JRR-3M is pool type research reactors. The
primary coolants are light water and coolant
temperature is lower than 50°C. Beryllium core
components are used in the both reactors as shown
in Figure 2 and Figure 3 [1].
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Table 1 — Outline of JMTR, JRR-3M
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Figure 1 — Tritium concentration of primary coolant in the JMTR
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Figure 2 — Core configuration of the JMTR
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Figure 3 — Core configuration of the JRR-3M
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Figure 4 — Tritium release rate of the JIMTR

Tritium release rate into the primary coolant for
the JMTR operation cycles is shown in Figure 4 [1].
The decrease of tritium release rate is observed in
the JMTR 147" cycle corresponded with the
replacement of new beryllium frames. This
replacement was five times from first criticality, and
only an East and North beryllium frames (198 kg,
26% of total beryllium components) had replaced in
2002. The tritium production from deuterium from
water by (n,[J[1) reaction was also roughly
estimated using the water volume in the core and the

neutron flux calculated by SRAC code [1], and it is
clear that the trittum production from deuterium
from water is less than 0.2 % of the measured
tritium concentration, and is negligible [1].

Tritium release rate into the primary coolant for
the JRR-3M operation cycle is shown in Figure 5.
The decrease of tritium release rate was observed
clearly in the JRR-3M R3-15-01 cycle corresponded
with the replacement of new beryllium reflectors. In
this replacement, all beryllium reflectors (91.3 kg)
had replaced in 2010.
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Figure 5 — Tritium release rate of JRR-3M

Table 2 — One group cross sections

Nuclide Nuclear reaction Production Crg:slss:iclilg&g);rn) C;ﬁ;:?g}‘;{;{gﬁn)
SLi (ny, @) ‘H 4.53x10? 2.86x10%
‘Be (ng, o) °He (°Li) 2.29x1073 6.11x1073
. FP
235 ; > 2 2
U Thermal-fission Sy (1.19”0_4*) 2.73x10 1.73x10
235y Fast-fission kP, 2.23x102 5.53x10°2

3H (8.58x10°5%)

*; Cumulative yield of *H

3 Tritium Release into Primary Coolant

Tritium generation from *Be was considered by the following chain reactions [4].

’Be(n,, ) He
1B, 0.808 s
“Li(n,a)*H
1B, 123y
*He(n,, p)*H
dN
7&2:_659¢IN&9 )
dN,,
?L' =0 Npe— 0, N, (2)
where, the meanings of the symbols are as follows;
Np. : °Be atoms density (1/ecm®)
Ny : ®Li atoms density (1/cm®)
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o : Cross section of °Be(nr,0)°He (barn)
o1;: Cross section of Li(n,a)’H  (barn)
¢y : Fast neutron flux (n/cm?/s)
¢, : Thermal neutron flux (n/cm?/s)
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Hereafter, of =pt =@, because neutron spectrum
is one energy group. One group cross sections
obtained from the evaluated nuclear data library
JENDL-4.0[7] by averaging with the neutron
spectra calculated for the beryllium core
components of the JMTR and the JRR-3M are
summarized in Table 2. By solving the equation (1)
and (2) using the initial conditions NLi(z) = 0 at ¢t =
0, the following equations are obtained.

N (t) = N, (0) €7 3)

in this case (cLi >> oBe), the generated °Li atoms
by neutron irradiation are shown as next equation

18],

Ny (1) =72 N, (0)(1-*) (5)

Li

Neutron flux of ¢ = 2.68x10'* (n/cm?*/s) for the
JMTR and ¢ = 1.42x10" (n/cm?/s) for the JRR-3M
[1], and one group cross sections from Table 2, the
time dependent terms of °Li atoms number were

calculated as; [I-exp(-1.21x10-7t)] for the IMTR
and [I-exp(-4.07x10-8t)] for the JRR-3M,
respectively.

Curve fittings using released tritium data for
new beryllium compornents installation were
carried out. When magnitude selects as 120 for the
JMTR and 75 for the JRR-3M, the calculated
curves are closest to the experimental data, and are
shown in Figure 6 and 7. Equation (5) for the
JMTR and the JRR-3M are described as following
equations.

JMTR;
Nii (1) o< 120x[1-exp (-1.21x107 )] (6)

JRR-3M;
Nui () o 75%[1-exp (-4.07x10% 5] (7)

Especially, in the early periods of the JRR-3M,
the released tritium shows the good agreement with
calculated curve by the equation (7). This reason is
considerd that effects of the replacement of
beryllium reflectors for the JRR-3M is more clealy
than that of the JMTR because the replacement rate
of beryllium components are larger than that of the
JMTR.
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Figure 6 — Curve fitting of released tritium and °Li atoms number
in beryllium components for IMTR
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Figure 7 — Curve fitting of released tritium and °Li atoms number
in beryllium components for JRR-3M

4 Discussion

Results of the curve fittings suggeste the tritium
release rate into the primary coolant is related with
the number of produced °Li by (n,0)) reaction from
’Be, and this reaction recognized as a dominant for
the tritium release into the primary coolant.

In the early periods of the JRR-3M, the released
tritium show the good agreement with calculated
curve by the equation (7). However, the data are
scattered with irradiation time. This reason is
presumably caused by the measurement error and
effects of He bubbles produced by the neutron
irradiation [9, 10]. This tendency is also observed in

Table 3 — Candidates of tritium source

the JMTR such as Figure 4 and Figure 6 show.
Additionally, this phenomena in the JMTR is
observed in earlier than that of the JRR-3M because
of higher neutron fluence.

Summary of the candidates of tritium source is
shown in Table 3. Tritium release by the ternary fission
from #°U as the impurity in core components can
estimate smaller than beryllium, however, more detail
calculations will be nessary to prove it. As a release
mechnism, the consideration of the diffusion, the recoil
and effects by the He production are nessesary. To study
in details, the calculation methods of the recoil which
include the impurities like as Li and U are studying by
PHITS code [11, 12].

Element Reactions Core components, etc. Role as tritium source
H (n,7) Coolant <0.2Bq/Wd in JMTR, Negligible [1]
. Beryllium components . s
9 o) 6 6
Be (ng, o) °He & °Li (n, o) (reflectors, frame) Dominant (in this paper)
Contamination of fuel plate
25y Ternary fission Impurity of beryllium components Future study

Impurity of other components

5 Conclusions

Therefore, curves of the tritium release rate into
the primary coolant in the JMTR and the JRR-3M
were evaluated. Curves of the tritium release rate
into the primary coolant is related with number of
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produced °Li by (n,0) reaction from °Be. Also, the
tritium release rate in early periods of the JRR-3M
shows the good agreement with calculated curve.
Evaluation results of tritium release curve are shown
as the dominant source of tritium release into the
primary coolant for the JMTR and the JRR-3M are
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