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Abstract 
Aiming at the problem of setting the sampling port for tritium concentration monitoring 
in the air in the radiation monitoring system of nuclear sites, this paper uses the FLUENT 
software system to simulate the environment of the nuclear equipment warehouse, 
focusing on the location of the tritium sampling port, the mass rate of tritium leakage, 
and the air of the vent. The tritium concentration monitoring model was established 
under the influence of factors such as the inflow quality rate. The tritium particle 
number sampled within 30 s from the sampling port under the three factors was 
calculated, and the influence of different environmental conditions on the selection and 
setting of the tritium concentration monitoring sampling port was analyzed. The 
principle of setting the alarm threshold of the tritium online monitor. Through research, 
it is concluded that the vent has a greater impact on the extraction of tritium from the 
sampling port, and the sampling port is set on the wall above 2 m from the vent, and the 
air inflow rate of the vent is controlled at 4~9 kg/s, If it is too small, the monitoring 
results will be low, and there will be emergency safety hazards. 
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1. Introduction 

When monitoring radioactive tritium in some nuclear-related sites[1], the tritium gas diffused in the 
room is measured by inhaling the instrument through the exhaust pipe. Then the selection position of 
the exhaust port is different, the way of tritium gas diffusion in the room will also change, how to 
choose the appropriate location of the gas extraction port[2] to ensure that when tritium leakage 
occurs, a certain amount of gas can be pumped in a short time, and an alarm can be given in time to 
ensure the safety of the staff and the environment [3]. 

2. Simulation model establishment 

2.1 Modeling calculation considerations 

For the monitoring of radioactive tritium concentration, in different room sizes, the location of the 
tritium leak, the leaked mass rate, the selection of the tritium sampling port in the room, the location 
of the vent, the ventilation quality rate and other factors will affect the monitoring results. This chapter 
discusses these factors to study the selection principle of tritium sampling port and its impact on 
radiation protection and nuclear safety. 

2.2 Modeling calculation considerations 

Use fluid mechanics software FLUENT[4] to study the results under different factors by simulating 
the gas flow law in the room. 
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2.3 Modeling calculation considerations 

In order to simplify the simulation process, this example fixes the room size, tritium leakage location 
and vent position, and focuses on the influence of the sampling port selection, tritium leakage mass 
rate and ventilation mass rate on the results. 

1. Sampling port selection location: In the actual monitoring process, the sampling port selection is 
often random. In this example, 12 points on the wall of the room are selected for analysis and 
calculation. 

2. Leakage mass rate of tritium gas: 

According to the annual radionuclide intake limit specified in GB-18871, the controlled concentration 
of radionuclides in the air in the control area, the supervision area and the non-restricted area is 
derived as the controlled concentration of the ambient air when a single nuclide is inhaled.The 
controlled concentration of tritium in the air is shown in Table 1: 

Table 1. Controlled concentration of airborne radionuclides in the air(Bq/m3) 

Nuclides 

Control area, supervision 
area 

Unrestricted area 

Working 2000 h 
Continuous irradiation 8760 

h 

3H(Tritium water) 1.3×106 1.5×104 
3H(Element tritium) 8.3×106 4.6×104 

 

In a room of 100m3, the leakage mass range of tritium can be calculated from the relationship between 
the activity and mass of formula (1). 

 AN
M
Q

λA   (1) 

Where : A - Total activity, Bq; 

λ- decay constant of plutonium, S-1; 
Q - Mass, g; 
M - Molar mass, g / mol; 

Na -Avogadro constant, 6.02 × 1023 mol-1。 

According to the maximum controlled concentration of tritium gas of 8.3×106 Bq/m3, assuming 
that the tritium concentration in the room is in the range of 8.3 Bq/m3~8.3×1010 Bq/m3, the 
corresponding leakage mass rate of tritium gas can be calculated to be 1.58×10-7 kg/s~1.58×10-

17 kg/s. 
3. Ventilation quality rate: The air flow in the vent will inevitably affect the air flow in the space. 
In this example, the ventilation quality rate is selected to be 0~9 kg/s according to the 
specifications of the ventilation ducts in the actual environment. 
After determining these variable factors, this article will adopt the principle of control variables 
to study the influence of tritium concentration monitoring on one of the factors, and analyze 
and summarize the results. 
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3. Study on the Influence of Different Selection of Tritium Sampling Ports on 
Tritium Concentration Monitoring 

3.1 Model building and meshing 

Take a room in a nuclear-related site as an example to establish a geometric model. The size of the 
room is 5×5×4 m in length, width and height. A vent with a length and width of 1×0.5 m is set 
above the room, and the air inflow quality rate is 4 kg/s, a spherical container with a diameter 
of 30 cm is placed on one side. Tritium leaks from the spherical container and diffuses in the 
room. Then 12 air extraction holes are selected on the side wall of the room. The specific 
location is shown in Figure 1. The height of No. 1, 2, 5, 6, 7, 8, 11, and 12 is 2 m, and the left and 
right spacing is 1 m. No. 3 and 4 are 1 m up and down in the vertical direction of No. 2, and No. 
9, 10 The suction hole is 1 m up and down in the vertical direction of No. 8. The mesh division 
of the model is shown in Figure 2. 

 

  

 

 
Figure 1.Schematic diagram of tritium 

sampling port selection model 
Figure 2.Meshing  

 

3.2 Parameter settings 

Import the divided grid into FLUENT for solution calculation. The type of solver is pressure-based, 
the speed equation is absolute speed, and the time solution type is transient flow. Select the SST k-ω 
turbulence model and the Discrete Phase discrete phase model. Add incident particles to injections, 
denoted as injection-0, which represents the information leaked by tritium particles, as shown in 
Figure 3. The particle diameter is set to 10-6 m, and the leakage mass rate is set to 10-10 kg/s. 

 

 

 

  Figure 3.Tritium particle parameter setting  
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Among other physical parameters, the fluid material is the default air, the solid material is the default 
aluminum, keep the basic settings unchanged, and the inert particle is selected as hydrogen-liquid. 

For the fluid area setting, air is selected as the fluid medium in this example, and the default values 
are used for other settings; for the velocity inlet boundary, the air mass rate at the vent is set to 4 kg/s, 
the inlet pressure is 105 Pa, and others The boundary conditions are the default settings, as shown in 
Figure 4. 

 

 

 

 Figure 4.Inlet boundary condition setting  

 
Then, in this example, 12 outlets are set respectively, namely the suction ports, the suction speed is 
set to 5 L/min, and the inlet pressure is 6 000 Pa. The specific parameters are shown in Figure 5. 

 

 

 

 Figure 5.Export boundary condition setting  

 
The solution method uses the SIMPLE algorithm, the gradient term difference uses the Least Squares 
Cell Based method; the pressure term difference uses the Second Order method, and the relaxation 
factor is set to 0.3; the density term relaxation factor is set to 1; the physical force term relaxation 
factor is set to 1; the momentum term relaxation factor Set to 0.7; set the relaxation factor of the 
turbulent kinetic energy term to 0.8; set the relaxation factor of the turbulent dissipation term to 0.8; 
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set the relaxation factor of the turbulent viscosity term to 1. Finally, it is initialized according to the 
set initial conditions to obtain the initial flow field, and based on this, the solution calculation is 
performed. In the calculation process, a fixed time step of 0.1 s is used, and 300 steps are simulated 
to solve the problem, that is, the number of tritium particles that can be extracted from each exhaust 
hole in 30 s is calculated. 

3.3 Simulation results and analysis 

In Particle Tracks, you can observe the distribution of tritium particles in the room 30 s after the leak, 
as shown in Figure 6. It can be seen that the tritium particles are denser near the spherical container, 
and the further away the less tritium particles spread. 

  

 

 

 Figure 6.Distribution map of tritium particles in the room  

 
The conditions of tritium particles extracted within 30 s from the 1-12 exhaust ports are shown in 
Table 2. 

Table 2. Simulation values of tritium particles extracted within 30 s from sampling ports 1-12 

Sampling port 
number 

Number of Tritium 
Particles Extracted 

Sampling port 
number 

Number of Tritium 
Particles Extracted 

1 4 7 883 

2 1 068 8 520 

3 175 9 213 

4 4 627 10 1 323 

5 3 828 11 250 

6 1 746 12 129 

 
The simulation results under this calculation condition can be seen: 

(1) The closer the suction port is to the leakage point, the more tritium particles can be drawn within 
30 s. Among them, the number of the closer position No. 4 is about 4,627, and the number of position 
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No. 5 is about 3,828. The number of more distant No. 1 positions is about 4, and the number of No. 
12 positions is about 129. 

(2) The sampling ports of No. 1 and No. 3 positions are obviously affected by the air flow of the 
ventilation duct, and the number of tritium particles drawn is less. From the point of view of nuclear 
emergency, it is necessary to avoid setting the sampling port on the wall within 2 m from the vent, so 
as not to be affected by the ventilation and interfere with the sampling results. 

(3) From the perspective of nuclear radiation protection, when an emergency situation such as tritium 
leakage occurs in the environment, the relevant personnel should immediately move away from the 
scene or move to the vicinity of the vent, which can minimize the inhalation of tritium and reduce 
internal radiation damage. 

4. Study on the Influence of Different Tritium Leakage Mass Rates on Tritium 
Concentration Monitoring 

4.1 Model building and meshing 

Take a room in a nuclear site as an example to establish a geometric model. The size of the room is 
5×5×4m in length, width and height. A vent with a length and width of 1×0.5 m is set above the room, 
and the air inflow rate is 4 kg/s. , A spherical container with a diameter of 30 cm is placed on one 
side, and the tritium gas leaks from the spherical container and diffuses in the room, and then select 
the No. 6 exhaust port in the previous section on the side wall of the room, and study it by changing 
the mass rate of tritium leakage The law of influence on the tritium gas extracted from the exhaust 
port, the specific model and grid division are shown in Figure 7 and 8. 

 

  

 

 Figure 7.Tritium leakage sampling 
model 

Figure 8.Meshing 
 

4.2 Parameter settings 

Import the divided grid into FLUENT for solution calculation. The solver type, model selection, 
physical parameters and other settings are the same as the previous section. By changing the mass 
rate of 10 groups of tritium gas leakage, the extraction results of No. 6 exhaust port are calculated. , 
Comparing each other to draw conclusions. The specific settings of the 10 groups of tritium leakage 
mass rates are shown in Table 3. 
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Table 3. 10 groups of tritium leakage mass rate settings 

serial number 
Leakage quality 

rate（kg/s） serial number 
Leakage quality 

rate（kg/s） 

1 1×10-17 6 1×10-12 

2 1×10-16 7 1×10-11 

3 1×10-15 8 1×10-10 

4 1×10-14 9 1×10-9 

5 1×10-13 10 1×10-8 

 
Finally, it is initialized according to the set initial conditions to obtain the initial flow field, and based 
on this, the solution calculation is performed. In the calculation process, a fixed time step of 0.1 s is 
used, and the simulation solution is 300 steps, that is, the number of tritium particles that can be 
extracted from the exhaust port within 30 s is calculated for 10 groups of tritium leakage mass rates. 

4.3 Simulation results and analysis 

Under the above parameter settings, only the tritium leakage mass rate is changed, and other 
conditions remain unchanged. The number of tritium particles extracted within 30s under 10 sets of 
leakage mass rates at No. 6 exhaust port is shown in Table 4. 

Table 4.Simulation values of tritium particles extracted from the No. 6 sampling port within 30 s 
under the condition of 10 groups of tritium leakage rates 

Tritium leakage 
quality rate number 

Number of Tritium 
Particles Extracted 

Tritium leakage 
quality rate number 

Number of Tritium 
Particles Extracted 

1 214 6 2 164 

2 519 7 1 994 

3 1 216 8 2 026 

4 1 826 9 2 034 

5 2 013 10 2 037 

 
The simulation results under this calculation condition can be seen: 

(1) The number of tritium particles extracted from the No.6 exhaust port gradually increases within 
30 s, and then basically unchanged at about 2,000. In the leakage process with a tritium leakage rate 
of 1×10-17 kg/s to 1×10-13 kg/s, the trend of the number of extracted tritium particles increased firstly 
and slowly and then gradually stabilized. 

(2) When the tritium leakage rate is less than 1×10-13 kg/s, the number of diffused tritium particles 
cannot spread to the entire room within 30 s. Therefore, as the leakage rate increases, the tritium 
particles drawn from the exhaust port When the tritium leakage rate is greater than 1×10-13 kg/s, the 
tritium concentration in the room will stabilize after 30 s. When the exhaust port flow rate is constant, 
the number of tritium particles extracted will also become steady. 

(3) From the perspective of nuclear emergency, it shows that when a tritium leakage accident occurs, 
the leakage rate is relatively large, and the tritium gas drawn from the sampling port has nothing to 
do with the degree of leakage. 
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5. Study on the Influence of Different Tritium Leakage Mass Rates on Tritium 
Concentration Monitoring 

5.1 Model building and meshing 

Take a room in a nuclear site as an example to establish a geometric model. The size of the room is 
5×5×4 m in length, width and height. A vent with a length and width of 1×0.5 m is set above the 
room, with a diameter of 30 cm on one side. In the spherical container, the tritium gas leaks from the 
spherical container and diffuses in the room. The leakage mass rate of tritium gas remains unchanged 
at 10-10 kg/s. On the side wall of the room, the No. 6 exhaust port in the previous section remains 
unchanged. Change the air inflow mass rate of the vent, and study its influence on the tritium extracted 
from the exhaust port. The specific model and grid division are shown in Figures 9 and 10. 

 

  

 

 Figures 9. Tritium sampling model 
under the influence of ventilation 

Figures 10. Meshing 
 

5.2 Parameter settings 

Import the divided grid into FLUENT for solution calculation. The solver type, model selection, 
physical parameters and other settings are the same as the previous section. By changing the air inflow 
mass rate of 10 groups of vents, the extraction of No. 6 exhaust port is calculated separately As a 
result, compare with each other to draw conclusions. The air inflow mass rate of 10 groups of vents 
is specifically set to 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 kg/s according to actual data. 

Finally, it is initialized according to the set initial conditions to obtain the initial flow field, and based 
on this, the solution calculation is performed. In the process of solving calculation, a fixed time step 
of 0.1 s is used, and the simulation is performed with 300 steps, that is, the amount of tritium particles 
that can be extracted from the 6 groups of vents in a total of 30 s is calculated. 

 

Table 5. The number of tritium particles extracted corresponding to the air inflow mass rate of 10 
groups of vents within 30 s 

Air inflow mass 
rate（kg/s） 

Number of Tritium 
Particles Extracted 

Air inflow mass 
rate（kg/s） 

Number of Tritium 
Particles Extracted 

0 1 225 5 1 976 
1 440 6 1 944 
2 216 7 2 097 
3 1 409 8 1 943 
4 1 988 9 1 840 
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5.3 Simulation results and analysis 

Under the above parameter setting, only the air inflow mass rate of the vent is changed, and other 
conditions remain unchanged. The amount of tritium particles extracted by the exhaust port within 
30 s under the 6 groups of air inflow mass rates is shown in Table 5. 

The simulation results under this calculation condition can be seen: 

(1) When the air inflow mass rate is 0, that is, the influence of ventilation conditions is not considered, 
the number of tritium particles drawn in the natural state of sampling port 6 is 1 225; when the air 
inflow mass rate is less than 3 kg/s, extract The number of tritium particles is significantly reduced. 
When the air inflow mass rate is greater than 4 kg/s, the number of extracted tritium particles increases 
significantly, and the number tends to a stable value at about 2,000. 

(2) When the air inflow mass rate is less than 3 kg/s, it will interfere with the flow of tritium particles 
in the room, making the sampling result of the sampling port lower; when the air inflow mass rate is 
greater than 4 kg/s, more air inflow will The generated tritium particles gather to the other side of the 
vent, so that the number of tritium particles on the side of the vent is small, and the number of tritium 
particles on the side of the sampling port wall is large, thereby increasing the number of tritium 
particles extracted. 

(3) From the point of view of nuclear emergency, the ventilation quality rate in the room shall not be 
less than 4 kg/s to avoid the low tritium particles extracted in emergency situations and the alarm 
cannot be given normally. 

6. Study on the Influence of Different Tritium Leakage Mass Rates on Tritium 
Concentration Monitoring 

In this paper, FLUENT software is used to discuss the influence of sampling port selection, tritium 
leakage mass rate and ventilation mass rate on the results of tritium particle extraction under 
conditions such as a specific room and a fixed tritium leakage location. The conclusions are as follows: 

(1) The sampling port should be set on the wall at a distance of more than 2 m from the vent. If the 
distance is too close, it will be greatly affected by the air flow, which will greatly reduce the extraction 
result. 

(2) Under this calculation condition, when a leakage occurs, the number of tritium particles drawn 
from the tritium sampling port has nothing to do with the tritium leakage mass rate, and the monitoring 
results are basically the same. 

(3) Under the calculation conditions, the air inflow mass rate of the vents in the room should be set 
to 4-9 kg/s. If it is too small, the monitoring results will be low and there will be a safety hazard. 

(4) This calculation can only be simulated close to the real environment, but considering the extension 
of the reliability of the actual simulation calculation, it can provide a calculation method and 
theoretical basis for the sampling port selection and alarm threshold setting of the air tritium 
concentration monitoring in other nuclear facilities. 
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