
Vol.:(0123456789)1 3

Nuclear Science and Techniques (2022) 33:151 
https://doi.org/10.1007/s41365-022-01147-2

Analysis on the influencing factors of radioactive tritium leakage 
and diffusion from an indoor high‑pressure storage vessel

Chang‑Jun Li1,2 · Xing‑Fu Cai1  · Ming‑Qing Xiao2 · Yong‑Gang Huo1 · Peng Xu1 · Su‑Fen Li1 · Xiao‑Yan Cao1

Received: 24 August 2022 / Revised: 12 October 2022 / Accepted: 17 October 2022 / Published online: 6 December 2022 
© The Author(s), under exclusive licence to China Science Publishing & Media Ltd. (Science Press), Shanghai Institute of Applied Physics, the Chinese 
Academy of Sciences, Chinese Nuclear Society 2022

Abstract
Radioactive tritium leakage from high-pressure storage vessels is a common nuclear leakage event. Different leakage condi-
tions have different effects on tritium diffusion, resulting in different degrees of radioactive hazards. This study focuses on 
tritium leakage from high-pressure storage vessels and analyzes the influence of different leakage orifice shapes, leakage 
positions, and the presence of obstacles in the scene space on tritium leakage diffusion. The results show that there is little 
difference in the radial diffusion velocity of tritium gas along the jet axis between circular and square leakage orifices. The 
radial diffusion velocity of tritium gas in the long-axis direction of the rectangular leakage orifice is larger than that in the 
short-axis direction, and the larger the aspect ratio of the rectangle is, the greater the difference is in the diffusion velocity. 
In addition, leakage from the storage vessel below the air inlet is beneficial to the dilution of tritium, whereas leakage from 
the air vents leads to a slow decrease in the tritium concentration. The obstacles present in the tritium scene space hinder 
the migration of tritium gas and prolong the time for the tritium concentration to reach stabilization. This study provides a 
theoretical basis for the disposal of tritium in tritium leakage accidents by analyzing the influence of different leakage condi-
tions in storage vessels on tritium gas diffusion.
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1 Introduction

Radioactive tritium is one of the raw materials used in 
nuclear fusion reactions and poses a radioactive hazard 
when leakage occurs because of the release of β-rays into the 
environment [1]. Consequently, tritium is usually stored in 
high-pressure vessels that can reach pressures of up to hun-
dreds of atmospheres. A radioactive environment is formed 
by a tritium leakage when the storage vessel is accidentally 
damaged by external effects. However, different leakage con-
ditions, including the leakage orifice shapes, leakage posi-
tions, and the existence of obstacles in the scene space of the 
leakage, have different effects on the migration and mixing 

behaviors of tritium gas. This will affect the decision-mak-
ing involved in the emergency treatment of tritium leakage. 
Therefore, research on the factors influencing tritium leak-
age and diffusion from high-pressure vessels has practical 
significance.

Presently, nuclear leakage accidents in nuclear power 
plant reactors have received the greatest focus in this area. 
For example, Zhao et al. [2] simulated the diffusion of radio-
nuclides from a marine nuclear reactor in an enclosed envi-
ronment during a nuclear leakage accident. Esfandiari et al. 
[3] proposed a method integrating deterministic events and 
probabilistic assessment to analyze the risk of accidents at 
nuclear power plants, with the results indicating that the 
method can effectively assess the frequency and overall risk 
of accidents. Deng et al. [4] monitored nuclear reactors for 
leakage by following changes in tritium concentration in the 
environment. Wang B E et al. [5] used the computational 
fluid dynamics (CFD) code FLUENT to establish a CFD 
discrete phase model, through which supersonic jet flow and 
dust transport induced by air ingress in a fusion reactor were 
analyzed. This provided a basis for nuclear safety analysis 
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and accident prevention for future fusion reactors. Barzegari 
et al. [6] evaluated the damage to fuel rods after a severe 
accident in the Bushehr pressurized water reactor power 
plant and used the MELCOR code to calculate the shortest 
available time for accident prevention. Gu et al. [7] devel-
oped a multi-physics coupled code MPC-LBE, based on a 
CFD framework and verified by a mature simulation code, 
to analyze the safety of an LBE-cooled reactor. Research on 
tritium leakage accidents has been conducted mainly from 
two perspectives—intentional tritium release experiments 
and numerical simulations of tritium leakage of nuclear 
fusion reactors. For the tritium release experiments, the Los 
Alamos National Laboratory (LANL) of the United States 
has built a Tritium Systems Test Assembly (TSTA) [8–11] 
and conducted tritium release experiments. Meanwhile, they 
have also developed a series of simulation models of tritium 
diffusion, such as FLOW-3D and GASFLOW II. Further-
more, the Japan Atomic Energy Research Institute (JAERI) 
has also built a tritium release device, Caisson Assembly for 
Tritium Safety (CATS) [12–15], which could obtain more 
accurate tritium release experimental data with a smaller 
volume than TSTA could. They improved upon the accu-
racy of the LANL tritium simulation code. Nevertheless, the 
ventilation settings in these experiments were alike, and the 
factors affecting the detritiation efficiency were hardly modi-
fied. With regard to the numerical simulation of tritium leak-
age, a large number of simulation studies modeling tritium 
behavior have been conducted both in China and abroad. Li 
et al. [16] numerically simulated the tritium diffusion in a 
low-pressure tritium leakage accident from a storage vessel 
under open and closed spatial conditions. Liu [17] studied 
the effect of ventilation on tritium concentration and diffu-
sion in a tritium leakage accident in a Test Blanket Mold-
ule (TBM) glove box but with few ventilation scenarios. 
Wei [18] simulated the tritium migration and detritiation 
behavior during accidents in tritium factory rooms and ana-
lyzed the effects of ventilation design, temperature condi-
tions, and wall materials on detritiation. Li et al. [19, 20] 
examined methods for optimizing ventilation conditions for 
tritium leakage in a high-pressure and developed a ventila-
tion method with relatively high detritiation efficiency.

In summary, much research has been conducted involving 
the simulation of tritium migration and mixing behavior dur-
ing tritium leakage accidents throughout the world, and the 
detritiation efficiency has been improved by the optimization 
of the air vent design. However, there remains a dearth of 
research on the effects of different leakage conditions on the 
diffusion of tritium gas. Regarding the tritium leakage issue 
in high-pressure storage vessels, this study investigates the 
influence of different leakage orifice shapes, leakage posi-
tions, and the existence of obstacles in the scene space on 
tritium leakage and diffusion via FLUENT software and 

verifies the accuracy of the model through comparison with 
CATS test data.

2  Tritium leakage and diffusion theory

In this study, a high-pressure storage vessel with pressures 
of hundreds of atmospheres is examined. When a high-pres-
sure storage vessel has a small orifice leakage, the tritium 
behavior deviates from an ideal gas. Because tritium mol-
ecules are compressed in a high-pressure environment, the 
compressibility factor is larger than 1. Therefore, the tra-
ditional ideal gas model is not accurate for describing the 
tritium leakage behavior in a high-pressure storage vessel. 
The Abel–Noble equation of state [21] (AN-EOS), which 
corrects the specific volume of tritium molecules, provides 
an accurate description of high-pressure tritium leakage, and 
the relationship between the pressure in the and the correc-
tion term is obtained as follows:

where p is the pressure, v is the specific volume, b is the 
correction term of the gas molecule and b = 7.691 ×  10–3 
 m3·kg−1, Rg is the gas constant, and T  is the temperature.

Assuming that the gas leakage process is isentropic, it can 
be obtained from the AN-EOS equation [22],

where n is the specific heat capacity ratio.
For a fixed-volume storage vessel, the velocity of leakage 

is closely related to the pressure inside the. When the ratio 
of the pressure inside the to the ambient pressure is greater 
than the critical pressure ratio vcr , the airflow velocity at 
the leakage orifice reaches the local speed of sound, that is,

where

However, when the ratio of the pressure inside the to the 
ambient pressure is less than or equal to the critical pressure 
ratio vcr , subsonic flow occurs at the leakage orifice. The 
pressure at the leakage orifice decreases to the ambient pres-
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The tritium leakage velocity is
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where pamb is the ambient pressure, vcr is the critical pres-
sure ratio, cf is the tritium leakage velocity, v2 is the specific 
volume at the leakage orifice, T2 is the temperature at the 
leakage orifice, p2 is the pressure at the leakage orifice, and 
pi is the pressure inside the storage vessel.

Given a pressure of up to hundreds of atmospheres in the 
storage vessel, when the vessel is broken and tritium leak-
age occurs, the initial velocity of the tritium gas is relatively 
high, and jet flow and diffusion simultaneously exist in the 
closed space. Therefore, the realizable k–ε model [23], suit-
able for complex flow types, was employed, with the trans-
port equations for k and ε described as follows:

Here,

where k is the turbulent kinetic energy; � is the rate of dis-
sipation; � is the density of the gas mixture, kg/m3; � is the 
fluid dynamic viscosity; �

t
 is the turbulent viscosity; �k is the 

Prandtl number of the turbulent kinetic energy k , �k = 1.0; �� 
is the Prandtl number of the dissipation rate � , �� = 1.2; Gk is 
the generation term of the turbulent kinetic energy k caused 
by the average velocity gradient; S� is the source term of the 
dissipation rate; � is an effectiveness factor; C2 is an empiri-
cal constant, C2 = 1.9; C� is the calculation coefficient for the 
turbulent viscosity; u is the velocity vector.

3  Numerical simulation of tritium leakage

3.1  Scene construction and boundary

In this study, tritium leakage occurred in a space with two 
detritiation vents. The storage vessel was placed on the 
ground at the center of the scene; the vessel contained a 
tritium pressure of 34.5 MPa and a temperature of 300 K. 
Figure 1 shows the physical model of the tritium leakage. 
To accurately describe the variation in tritium concentra-
tion at z = 1.5 m in space, the average breathing height of 
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the operators, five monitoring points from P1 to P5 were set 
in the space. The coordinates of each monitoring point are 
listed in Table 1.

The boundary conditions of the leakage orifice were 
described by the AN-EOS model using user-defined func-
tions, such as mass flow rate, pressure, and temperature. For 
the material setting, tritium gas [24] was added. The tritium 
gas had a molar mass of 6.034 kg  kmol−1, diffusion coef-
ficient in air of 7.41 ×  10–6  m2  s−1, specific heat capacity of 
7243 J  kg−1  K−1, thermal conductivity of 0.1381 W  m−1  K−1, 
and viscosity coefficient of 1.259 ×  10–5 kg  m−1  s−1. The wall 
material of the closed space was calcium carbonate, and the 
storage vessel was made of steel.

3.2  Different leakage conditions

Different leakage conditions have different effects on trit-
ium diffusion. In this study, simulation calculations were 
performed considering different leakage orifice shapes, dif-
ferent leakage positions, and the existence of obstacles in 
the scene space. Specifically, the tested shapes of the leak-
age orifice were as follows: a 10 mm diameter circle, an 
8.86 mm × 8.86 mm square, a 4 mm × 19.6 mm rectangle 
(rectangle 1) with an aspect ratio of 5, and a 2 mm × 39.3 mm 
rectangle (rectangle 2) with an aspect ratio of 18. Notably, 
the four leakage orifice shapes have the same leakage area. 
The three leakage positions were below the air inlet, far away 
from the vent, and below the air outlet. The obstacles used 
were one operator and one rectangular cube. Figure 2 shows 
the different leakage conditions. When examining the effects 
of the different leakage positions, the shape of the leakage 
orifice was uniformly simplified as a circle for the control 

Fig. 1  Physical model

Table 1  Monitor point 
coordinates

Point P1 P2 P3 P4 P5

x (m) 1.5 0.5 2.0 2.0 0.5
y (m) 2.5 4.5 4.5 0.5 0.5
z (m) 1.5 1.5 1.5 1.5 1.5
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variables. The operator and box were located 0.5 m from 
the storage vessels on the left and right sides, respectively. 
Table 2 lists the obstacle dimensions.  

4  Results and discussion

4.1  “Caisson” simulation verification

The tritium diffusion model is verified by comparing it with 
the experimental data from “CTAS” of JAERI [12]. First, the 
same conditions as the “CATS” experiment are set. Then, 
the calculated and experimentally determined tritium con-
centrations are compared. The tritium concentration can 
be monitored by TM1–TM4, the “Caisson” model, and the 
results are shown in Fig. 3.

Figure 3 shows a comparison of the tritium concentra-
tion at the monitoring points obtained by the simulation and 
“Caisson” experiment. The results reveal that the tritium 
concentration at TM2, which was the point closest to the 
release point in the simulation results, increased rapidly 
in the early stages of tritium release. The concentration at 

TM1 just above the release point peaked at approximately 
40 s, and the concentration at TM3, farthest from the release 
point, tended to be stable after 160 s. The stable value of the 
tritium concentration in both the simulation and experimen-
tal results was approximately 1.5 ×  107 Bq  m−3. In short, in 
the simulation results, there were significant fluctuations in 
the tritium concentration at each monitoring point before the 
concentration stabilized. The main reasons are as follows. 
First, the time lag of the tritium gas flowing into the “Cais-
son” device after release in the experiment was not consid-
ered in the simulation. Second, the small amount of tritium 
gas released can lead to certain errors in the simulation. 
However, the stabilized tritium concentration was consistent 
with the experimental results, indicating that the model can 
be used to simulate the tritium release behavior.

4.2  Different leakage shapes

When tritium gas leaks through small apertures from high-
pressure storage vessels, the speed of leakage can reach the 
speed of sound. Different leak orifice shapes have diverse 
effects on the radial diffusion of the tritium gas. To thor-
oughly analyze the influence of the orifice shape on the trit-
ium leakage and diffusion laws, numerical simulations were 
performed with circular, square, and rectangular leakage 
orifices. Cloud diagrams for the tritium gas jet flow and the 
variations in the tritium concentration along the jet axis were 
obtained with different leakage orifice shapes at t = 0.3 s and 
t = 2 s, as shown in Fig. 4.

Figure 4a–d shows the distribution of the mass fraction of 
tritium gas after 0.3 s of leakage at the circular, square, and 

Table 2  Obstacle dimensions

Name Dimensions  (mm3)

Operator head 50 × 50 × 80
Operator body 300 × 200 × 400
Operator legs 50 × 50 × 800
Rectangular cube 800 × 500 × 1000

Fig. 2  (Color online) Different leakage conditions. a Below air inlet; b away from the vent; c below air outlet; d obstacles in the space
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two rectangular leakage orifices, respectively. The results 
show that the tritium gas formed a strong jet in the leak-
age orifice plane during the early stages of the leakage, and 
the tritium gas jet was distributed evenly in the YZ plane 
and XZ plane of the circular and square leakage orifices, as 
shown in Fig. 4a, b, respectively, indicating that the radial 
diffusion velocity of tritium gas is relatively uniform under 
circular and square leakage orifices. The jet distribution for 
the rectangular leakage orifices showed an axis conversion 
phenomenon—the diffusion width of the tritium jet in the 
YZ plane (long-axis plane of the leakage orifice) narrowed, 
while that in the XZ plane (short-axis plane of the leakage 
orifice) widened. This axis conversion phenomenon became 
more evident with the increased aspect ratio of the rectangle, 
as shown in Fig. 4c, d. This implies a higher radial diffusion 
velocity and a narrowing jet width for the tritium gas in the 
long-axis plane of the rectangular leakage orifice, contrast-
ing with a lower radial diffusion velocity and widening jet 

width in the short-axis plane. Hence, it is clear that a highly 
under-expanded gas forms a strong jet along the axis at the 
leakage orifice when high-pressure tritium gas leaks through 
small holes. The radial diffusion velocity of the tritium gas 
differs for different leakage orifice shapes. Specifically, the 
radial diffusion velocity is uniform at symmetrical leakage 
orifices, whereby the long-axis direction of the rectangu-
lar leakage orifice is conducive to the radial diffusion of 
tritium gas, while the short-axis direction hinders its radial 
diffusion. The difference in the radial diffusion velocity of 
tritium gas increases with the increase in the aspect ratio of 
the rectangular leakage orifice.

Figure 4e–h shows the distribution of mass fraction of 
tritium gas at different leakage orifices after 2 s of leak-
age. The results show that the tritium pressure in the ves-
sels gradually decreases as the leakage continues, the axial 
jet width at the leakage orifices gradually narrows, and the 
jet width tends to be the same between the long-axis plane 

Fig. 3  (Color online) “Caisson” simulation verification. a Caisson geometric model; b experimental results; c simulation results
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Fig. 4  (Color online) Differ-
ent leakage shapes results. a 
Mass fraction of tritium gas 
at the circular leakage orifice 
at t = 0.3 s; b mass fraction of 
tritium gas at the square leakage 
orifice at t = 0.3 s; c mass frac-
tion of tritium gas at rectangular 
leakage orifice 1 at t = 0.3; d 
mass fraction of tritium gas at 
rectangular leakage orifice 2 
at t = 0.3 s; e mass fraction of 
tritium gas at the circular leak-
age orifice at t = 2 s; f mass frac-
tion of tritium gas at the square 
leakage orifice at t = 2 s; g mass 
fraction of tritium gas at rectan-
gular leakage orifice 1 at t = 2 s; 
h mass fraction of tritium gas 
at rectangular leakage orifice 2 
at t = 2 s; i variations in tritium 
concentration along the jet axis
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and the short-axis plane of the rectangular leakage orifices. 
Particularly, the jet length and width at rectangular leakage 
orifice 2 becomes significantly smaller. The difference in 
the radial diffusion velocity at different leakage orifices is 
small during the low-pressure tritium leakage, and the radial 
diffusion velocity of tritium gas increases with the rise in the 
aspect ratio of the rectangular leakage orifice.

Figure 4i displays the variation of tritium concentration 
along the jet axis at different leakage times. The results dem-
onstrate that the closer the jet axis is to the leakage orifice, 
the higher the tritium concentration, whereas farther dis-
tances from the leakage orifice correspond to lower tritium 

concentrations. In the initial stage of the tritium leakage, 
namely at t = 0.3 s, the tritium concentration along the jet 
axis of the rectangular leakage orifice was smaller than that 
of the circular and square leakage orifices. This shows that 
the radial diffusion velocity of the tritium gas at the rectan-
gular orifice is higher than that at the circular and square 
orifices, resulting in a lower tritium concentration along the 
axis. At t = 2 s, the variation of the tritium concentration 
along the jet axis at the circular, square, and rectangular 1 
leakage orifices was the same; however, the tritium concen-
tration was lower when the distance z between the jet axis 
and rectangular leakage orifice 2 was larger than 0.75 m. 

Fig. 4  (continued)
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This demonstrates that the circular, square, and rectangular 
1 leakage orifices manifest little difference in the radial dif-
fusion velocity of the tritium gas when the tritium pressure 
decreases. However, rectangular leakage orifice 2 is featured 
a relatively high radial diffusion velocity of tritium gas and 
low tritium concentration on the axis.

4.3  Different leakage positions

Tritium leakage from storage vessels in space may occur 
under various conditions. To analyze the influence of differ-
ent leakage positions on the diffusion of tritium gas, simula-
tions were carried out for tritium leakage below the air inlet, 
away from the vents, and below the air outlet. The tritium 
flow velocity fields in the leakage orifice plane and air outlet 
plane were attained at different times under the three leakage 
conditions, as shown in Fig. 5a–e. Five monitoring points 

were selected to monitor the variation in tritium concentra-
tion at different positions, and the variation law of tritium 
concentration with respect to time at the monitoring points 
under the three leakage conditions was obtained, as depicted 
in Fig. 6.

Figure 5a, b shows the tritium flow velocity field dis-
tribution in the leakage orifice plane and air outlet plane 
below the air inlet. The results show that the direction of 
the tritium leakage velocity was opposite to the air inlet 
direction when the storage vessel was located below the air 
inlet. At the initial leakage stage (t = 3 s), a counterclockwise 
vortex was formed on the left side of the leakage orifice 
plane. When the leakage stopped (t = 5 s), complex vortices 
were formed near the air inlet. After the air flow stabilized 
(t = 10 s), two vortices in opposite directions were formed 
on the right side of the leakage orifice plane, as displayed 
in Fig. 5a. Moreover, a strong counterclockwise vortex was 

Fig. 5  (Color online) Velocity 
vector of tritium. a Velocity 
vector below the air inlet at 
x = 2.25 m in the YZ plane; b 
velocity vector below the air 
inlet at x = 0.75 m in the YZ 
plane; c velocity vector away 
from the vents at x = 2.25 m 
in the YZ plane; d velocity 
vector away from the vents at 
x = 0.75 m in YZ plane; e Veloc-
ity vector below the air outlet at 
x = 0.75 m in the YZ plane
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formed on the left side of the air outlet plane, and the air 
in the plane mainly flowed to the vent outlet after gradual 
stabilization, as shown in Fig. 5b. Figure 5c, d shows the 
tritium flow velocity field distribution in the leakage orifice 
plane and air outlet plane away from the vents. The results 
reveal that a large clockwise vortex was formed on the right 
side of the leakage orifice plane at the initial leakage stage 
(t = 3 s). After the leakage ended, the right vortex in the 
plane became smaller, and two small vortexes were formed 
at the left and right corners of the plane, respectively, as 
shown in Fig. 5c. In addition, a large clockwise vortex was 
formed in the middle of the air outlet plane, and after the air 
in the space stabilized, most of the air flowed away from the 
outlet, with only a small part flowing toward the outlet, as 
shown in Fig. 5d. Figure 5e shows the tritium flow veloc-
ity field distribution in the leakage orifice plane below the 
air outlet. The results show that at the initial leakage stage 
(t = 3 s), a clockwise vortex was formed on the right side of 
the plane, making the tritium leakage direction deviate away 
from the axis. After the leakage ended, the air in the upper 
area of the plane flowed toward the vent outlet, whereas that 
in the lower area flowed away from the outlet. In summary, 
the flow velocity field distribution below the air inlet in the 
space was complex, with the air mainly flowing toward the 
outlet area. The air in the upper area flowed to the air outlet 
in the case of leakage below the air outlet, whereas only a 
very small part of the air flowed toward the outlet in the case 
of leakage away from the vents.

Figure 6 shows the variation in tritium concentration 
at each monitoring point in space under the three leakage 
conditions. The results demonstrate that during the tritium 
leakage (0 < t < 5 s), the tritium concentration at each moni-
toring point fluctuated significantly under the three leakage 
conditions. In the case of leakage below the air inlet, the 
tritium concentration at P4, which was closest to the leakage 
position, showed a wider fluctuation range. In the case of 
leakage away from the vent, the tritium concentration at P3, 

closest to the leakage position, experienced a wider fluctua-
tion range. Meanwhile, in the case of leakage below the air 
outlet, the tritium concentration at P2, closest to the leakage 
position, had a wider fluctuation range. After 10 s of tritium 
leakage, the tritium concentration at each monitoring point 
gradually stabilized under the three leakage conditions. The 
stabilized tritium concentration below the air inlet was mark-
edly lower than that under the other two leakage conditions, 
indicating that the complex flow velocity field distribution 
below the air inlet caused the tritium in the space to dilute 
faster.

4.4  Obstacles in the scene space

When tritium leaks from storage vessels, there may be obsta-
cles in the space that exert a certain impact on the migra-
tion of tritium gas. To analyze the influence of obstacles on 
tritium diffusion, an operator and a rectangular obstacle were 
placed in the space, and the simulation was performed 20 s 
after tritium leakage. The resulting cloud diagrams of tritium 
flow velocity in different planes are shown in Fig. 7a, and the 
variation in tritium concentration at each monitoring point 
in the space with time is shown in Fig. 7b.

Figure 7a shows the cloud diagrams of the tritium flow 
velocity in different planes after 20 s of tritium leakage. As 
indicated in the figure, the flow velocity in the plane near 
the operator and the rectangular obstacle was small, whereas 
that near the air inlet and in the margin area was large, con-
firming the influence of obstacles on the migration of tritium 
gas. Figure 7b displays the variation of tritium concentra-
tion at each monitoring point. Compared with the results in 
Fig. 6, the tritium concentration at each monitoring point 
still fluctuated from t = 10 s to t = 25 s with the presence of 
obstacles, indicating that the obstacles would disturb the 
flow of gas and increase the time for the tritium concentra-
tion to reach stabilization.

Fig. 6  (Color online) Variations of tritium concentration at each monitoring point in different leakage positions. a Below air inlet; b away from 
the vent; c below air outlet



 C.-J. Li et al.

1 3

151 Page 10 of 11

5  Conclusion

In this study, the factors influencing tritium leakage and dif-
fusion in indoor high-pressure storage vessels were inves-
tigated through a numerical simulation of tritium leakage 
based on FLUENT software. Specifically, the effects of the 
leakage orifice shape, leakage position, and presence of 
obstacles on tritium leakage and diffusion were analyzed. 
The findings are summarized as follows. First, when tritium 
leaks from the storage vessels, the symmetrical leakage ori-
fice exerts less influence on the radial diffusion of tritium 
gas. The long axis of the rectangular leakage orifice is con-
ducive to the radial diffusion of tritium gas, whereas the 
short axis inhibits the radial diffusion of tritium gas, and the 
axis conversion phenomenon becomes more prominent with 
a larger rectangle aspect ratio. Second, when tritium leaks 
from the storage vessels below the air inlet, the tritium in 
the scene space is diluted rapidly. However, when leakage 

occurs away from the air vents, the tritium concentration 
decreases slowly. Finally, obstacles in the scene space hin-
der the migration of tritium gas and increase the time for 
the tritium concentration to reach stabilization. This study 
provides a theoretical basis for tritium disposal in extreme 
tritium leakage accidents by analyzing the influence of dif-
ferent leakage conditions on the diffusion of tritium gas.
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Fig. 7  (Color online) Simulation results of obstacle condition. a Cloud diagrams of tritium flow velocity in different planes at t = 20 s; b varia-
tions in tritium concentration at monitoring points with obstacles in space
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