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Abstract 
This article aims at the lack of scientific specifications and technical standards in the 
installation location and quantity of the neutron and gamma radiation dose monitoring 
equipment in the use and installation of the radiation online monitoring system in 
nuclear sites. Based on the investigation of the actual nuclear equipment storage process, 
the use of The SuperMC software system simulates and establishes a storage space model 
that is convenient for calculation. The calculation takes into account a variety of factors 
Changes to analyze its impact on measurement sensitivity, reliability, etc., to obtain the 
impact of different environmental conditions on the installation location and number of 
neutron and gamma radiation dose monitoring equipment in use, and then analyze its 
impact on actual nuclear safety And radiation protection issues. Some useful conclusions 
were obtained through research: It is reasonable to install radiation dose monitoring 
equipment at a height of 1.5 m; in a room with a length and width less than 6 m, the 
radiation protection safety of personnel should be considered, and the distance between 
the detector and the source should not be too far; In a room with a length and width 
greater than 6 m, nuclear safety issues must be considered, gamma radiation monitoring 
must be paid more attention, and multiple detectors must be installed in multiple 
locations. The neutron and gamma radiation dose calculation related models and 
calculation methods and procedures established in this study can provide calculation 
tools for practical applications. The research results are of guiding significance for the 
formulation of neutron and gamma radiation dose monitoring equipment usage and 
installation technical specifications 
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1. Introduction 

Nowadays, nuclear science and technology have been widely used in various fields of society. While 
it brings us great benefits, there are also certain dangers. Sometimes catastrophic nuclear accidents 
may occur, such as the Fukushima nuclear power plant accident in Japan in 2011[1]. Therefore, 
nuclear safety is the lifeline of the development of nuclear industry [2] and has become an important 
part of national security[3]. At present, all nuclear sites are equipped with online radiation monitoring 
systems. The application of radiation online monitoring systems involves the design, development, 
installation, operation, maintenance and decommissioning of radiation monitoring instruments. 
Nuclear safety work has an impact on the reliability of radiation online monitoring systems. , Security, 
etc. have high technical requirements. According to preliminary investigations, it was found that 
many nuclear sites lacked in-depth research on installation and alarm thresholds. In the installation 
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and use of neutron and gamma radiation dose monitoring equipment, the installation location is 
almost determined according to subjective judgments and empirical practices. There is no specific 
standard. For this reason, this article will conduct research on the location and height of the detector. 

2. Simulation calculation model establishment 

2.1 Modeling calculation considerations 

Due to the complexity of the actual storage of nuclear weapons, such as storage room, storage quantity, 
storage location, etc., in order to achieve the purpose of this research, the actual measurement cannot 
be organized due to conditions, funding, confidentiality, etc., so simulation is adopted. Methods to 
study related issues. For the simulation of neutron and gamma dose monitoring, in rooms of different 
sizes, different types of radionuclides, different activities of radioactive sources, different positions 
of detectors, etc., will give different detection results. This article will discuss various influencing 
factors and study the influence of radioactive sources on radiation protection and nuclear safety. 

2.2 Calculation tool 

Using SuperMC software, the current software basically realizes the automatic modeling of the whole 
process of geometry and physics, neutron/photon/neutron-photon coupled transport calculation, 
burnup calculation, activation calculation, visual analysis and virtual simulation integrated 
calculation applications, enriching The combination of functional design and efficient algorithms 
greatly improves the efficiency of physical calculation and analysis [4]. 

3. Gamma Dose monitoring experiment 

This chapter uses laboratory conditions to carry out experiments to verify the reliability of the 
calculation results of the SuperMC program. The experiment simply simulates the radiation 
environment in the room containing the radioactive source, studies the influencing factors of the 
monitoring results of the detectors at different locations, and finds a representative detection location 
that can measure the radiation dose of the entire room, in order to verify the reliability of the 
calculation results of the SuperMC program to provide evidence. 

3.1 Laboratory apparatus 

The required experimental instruments include GRP-6(E) γ radiation detector, experiment table, 137Cs 
γ source, lift truck, tape measure, etc., as shown in Figure 1. 

 

 

 

 Figure 1. Schematic diagram of 
the experimental site 
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The room is 600 cm long, 480 cm wide, and 360 cm high. The central laboratory table is 200 cm long, 
160 cm wide, and 80 cm high. 

The gamma source is usually stored in a φ9 cm lead tank, with a total activity of 1.85×109 Bq, a 
total emissivity of 8.25×108 s-1, and a radiated gamma energy of 0.662 MeV. It is placed in the center 
of the experiment table during the experiment. 

The elevator has an inner width of 460 mm and an outer width of 580 mm, with a maximum weight 
of 200 kg and a maximum lifting height of 3 m. 

The width, height, and depth of the detector are 326 mm, 410 mm, and 225 mm, respectively, and the 
weight is not more than 20 kg. Put it on the lift truck, and adjust the position and height of the detector 
by moving and lifting the lift truck. 

3.2 Experimental steps 

(1) Clean up the empty room, minimize the debris, close the doors and windows for 12 hours, and 
turn on the gamma radiation detector to preheat for more than 30 minutes. The measured 
environmental background value is about 0.24 µGy/h. 

(2) Put the prepared neutron source on the experiment table of the center table of the room, fix it, 
change the position of the detector, and read the detection value after the value is stable, and make a 
record. The top view of the detector layout is shown in the yellow area in Figure 2, which is 16 points 
evenly distributed against the wall in the room, and each point is measured at a height of 0.6, 0.9, 1.2, 
1.5, 1.8, 2.1, 2.4 m, respectively. A total of 112 sets of data are detected. 

 

 

 

 Figure 2. Top view of the experiment room  

 
(3) Take the position of the five-pointed star in the figure as the simulation comparison point. At this 
position, choose more than 0.6 m to 3 m for five detections respectively, and take the average value 
to make a record. 

3.3 Experimental results and conclusions 

As a result, it was found that the trend of experimental detection results at each point was basically 
the same. At the height below the desktop, the monitoring value was very small, almost at the 
background level. As the height of the detector increased, each point was first The process of 
increasing and decreasing, and then increasing and decreasing, and the height of the turning point of 
the increase and decrease is different. 

Select the five-pointed star point in Figure 2 for key analysis, and more accurately explore the 
monitoring situation of the detector from 2.1 m to 3 m from the ground. In this interval, an experiment 
is performed every 0.1 m. The experimental record is shown in Table 1. 
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Table 1. Five-pointed star point result record table 

height（m） Dose rate（µGy/h） height（m） Dose rate（µGy/h） 

0.6 1.376 2.4 2.223 

0.9 1.945 2.5 2.308 

1.2 1.902 2.6 2.416 

1.5 1.810 2.7 2.588 

1.8 1.725 2.8 2.395 

2.1 1.512 2.9 1.923 

2.2 1.364 3.0 1.896 

2.3 1.768   

3.4 Simulation comparison 

According to the actual environment in the experiment, the detector changes the height according to 
the position of the five-pointed star in Figure 2, and uses the SuperMC software to simply simulate, 
and compare the calculated results with the experimental results to increase the reliability of the 
results. 

The cross-section of the simulated geometric model is shown in Figure 3. The gray part is a closed 
room with a length, width and height of 6×4.8×3.6 m, the wall material is concrete, the wall thickness 
is 20 cm, and the central brown cuboid is 2×1.6×0.8 m experiment table, the material is wood, the 
yellow cuboid on the wall is 0.4×0.5×0.38 m γ detector, and the shell material is metal aluminum, the 
size is consistent with the experiment, and it is in the center of the experiment table. Set up a point 
source of the same intensity, and finally calculate the radiation field distribution of the entire room 
by simulation, especially the radiation field near the wall of the room, find out its radiation distribution 
law, and summarize the installation principles of radiation detectors. 

 

 

 

 Figure 3.Simulation profile  

3.5 Result analysis 

According to the simulation, the data of each point of the detector at the height of 0.6 m to 3 m is 
obtained, and the comparison between the obtained result and the experimental result is shown in the 
curve of Figure 4. 
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 Figure 4.Simulation experiment comparison chart  

 
It can be seen from the results that the trend of the experimental results and the numerical simulation 
results are basically the same, and the maximum error at the same height is about 20 %. At a height 
of about 0.6 m to 1 m, the detected radiation field increases as the height of the detector is placed. 
This is because at a height of about 1 m, the height of the detector and the experimental table is 
basically parallel. The distance to the radioactive source is the smallest, so more photons are absorbed, 
and the detection result becomes larger. In the height of about 1 m to 2.2 m, the height of the detector 
continues to increase, and the corresponding distance from the radioactive source is getting farther 
and farther. Therefore, the detected radiation field is getting smaller and smaller. At a height of about 
2.2 m to 2.7 m, the detected radiation field increases with the increase of the height of the detector. 
This is because Compton scattering occurs after the photon is incident on the surrounding wall. At a 
certain height More photons will be absorbed by the detector, so the measured value will be larger, 
and after the height continues to increase, due to the limited energy of the generated photons, a higher 
number of photons can be injected, so in the end The detection value will gradually decrease. 

 

  

 

 

  

 

 Figure 5. Radiation field distribution near the wall  
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As shown in Figure 5, it is the distribution of the radiation field near the four walls in the room in the 
simulation. Each wall is divided into 10×10 small blocks. It can be seen that the radiation fields near 
the four walls are different. Due to the randomness of photon scattering, the radiation field in the dark 
blue area is very small, because the area under the experimental table almost shields the radiation 
source. Observing the changes in the radiation field of each wall and column again, the color is 
gradually getting darker and then lighter twice, that is, the radiation field is the process of first 
increasing and then decreasing twice, again verifying the above experimental results. 

This result shows that the position of the detector is different, and the environmental radiation results 
monitored are different. Generally speaking, the trend of the experiment and simulation results is the 
same. Although there are still large errors, the SuperMC program will continue to be used to study 
the dose of radioactive sources in space. The changing trend is feasible. 

4. Study on the effect of hypothetical nuclear warhead on the measurement 
point dose of space gamma radiation field in different size rooms 

A nuclear warhead is different from a single gamma radiation source. Its main feature is that it is 
equipped with fissionable materials to generate gamma rays. In order to further integrate the actual 
nuclear site, this chapter will use the nuclear warhead model to improve the research on the effect of 
the space radiation field measurement point dose. 

4.1 Basic model of nuclear warhead 

Since the internal structure of the nuclear warhead is confidential to the outside world, this paper 
performs simulation calculations based on the publicly described structural model[5], as shown in 
Figure 6. The center is a hollow ball, and the outer layer is wrapped with 12 kg weapon-grade uranium 
or 4 kg weapon-grade plutonium. , From the inside to the outside are the beryllium reflective layer, 
the depleted uranium reflective layer, the high-energy explosive layer and the aluminum shell. The 
main components[6] of specific nuclear materials in the simulated nuclear warheads in this paper are 
shown in Table 2, and the structural parameters [7] are shown in Table 3. 

 

 

 

 Figure 6. Basic model of nuclear warhead  

 
Table 2. Composition of nuclear materials in nuclear warheads 

Depleted Uranium 234U 0.2%，235U 0.4%，238U 99.4% 
Weapon Grade 

Uranium 
234U 1.0%，235U 93.3%，238U 5.5% 

Weapon Grade 
Plutonium 

238Pu 0.005%，239Pu 93.3%，240Pu 6.0%，241Pu 0.44%，242Pu 
0.013% 
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Table 3. Nuclear warhead structure parameters 

structure Cavity 
Weapon 

Grade 
Uranium 

Beryllium 
reflective 

layer 

Depleted 
Uranium 
reflective 

layer 

High 
explosive 

layer 

Aluminum 
shell 

Outer 
diameter（cm） 5.77 7 9 12 22 23 

quality（kg） 0 12 3 79 71 17 

4.2 Calculation conditions 

(1) Radioactive source: select a publicly described nuclear warhead structure model; 

(2) Radioactive source activity: refer to related literature[7], we can see that the γ-ray intensity on the 
surface of the hypothetical model is shown in Table 4； 

Table 4. Model surface γ-ray intensity 

Nuclides energy（keV） Emissivity（s-1） 
235U 185.7 2 700 
235U 205.3 370 
238U 1 001 12×104 

 
(3) Room size: According to Table 5, a total of 10 airtight rooms of different sizes will be constructed 
from 1 to 10 (the only variable calculated in this section)； 

 

Table 5. Room size setting 

Room number 
Room 

length×width×height
（m） 

Room number 
Room 

length×width×height
（m） 

1 4×4×4 9 12×12×4 

2 5×5×4 10 13×13×4 

3 6×6×4 11 14×14×4 

4 7×7×4 12 15×15×4 

5 8×8×4 13 16×16×4 

6 9×9×4 14 17×17×4 

7 10×10×4 15 18×18×4 

8 11×11×4   

(4) The location of the radioactive source: at the center of the ground of the room ; 

(5) Detector location: a gamma radiation spot detector is fixed at a height of 1.5 m from the ground 
in a wall of the room (see the green part in Figure 8). 

The specific construction model is shown in Figure 7 and 8. 
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 Figure 7. Simulation cross-section 
diagram of hypothetical nuclear 

warhead model 

Figure 8. Schematic diagram of 
simulated room 

 

 

4.3 Calculation results 

Under the above conditions, using the hypothetical nuclear warhead model to change the room size, 
other factors remain unchanged. The absorbed dose rate values at the point detectors in the 10 rooms 
which varies with the room size (according to the room number) The changes are shown in Figure 9. 

 

 

 

Figure 9. The variation of the γ absorbed dose rate at the point detector of the hypothetical 
nuclear model with the size of the room (according to the room number) 

4.4 Result analysis 

(1) Under the conditions of the hypothetical nuclear warhead model, as the room size continues to 
increase, the absorbed dose rate at the gamma radiation spot detector also continues to decrease. The 
dose rate dropped from 1.73 µGy/h for the size of Room No. 1 to 0.23 µGy/h for the size of Room 
No.10. 

(2) The overall downward trend is clearly related to changes in room size. It can be seen that under 
the conditions of the hypothetical nuclear warhead model, according to the room number, the 
absorbed dose rate at the point detector decreases greatly with the increase of the room size, from 
1.73 µGy/ h dropped to 0.58 µGy/h; in the room size range 3-10, the absorbed dose rate at the point 
detector decreased smoothly with the increase of the room size, from 0.58 µGy/h to 0.23 µGy/h. 

(3) From the perspective of radiation protection, under the calculation conditions, focus should be 
placed on the upper limit of the dose in the size range of rooms 1~3, determine whether the dose value 
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is within the specified protection level, and set the detector alarm threshold reasonably to protect 
Radiation safety of persons who may enter this area. 

(4) From the perspective of nuclear safety, under this calculation condition, the lower limit of the 
dose in the size range of room 3~10 should be paid attention to, because in this case, the important 
consideration should be whether there is illegal shielding of radioactive sources and radiation The 
source brings out the monitoring area and other issues. Therefore, in this case, it is necessary to 
consider the impact of the location of the detector on the detection sensitivity. If a single detection 
sensitivity is low and nuclear safety cannot be guaranteed, it is necessary to consider installing 
multiple locations in multiple locations. Detectors. 

(5) Although this calculation is calculated under the hypothetical simplified model conditions, 
considering the extension of the reliability of the actual simulation calculation, the calculation theory 
formed in this section can provide calculation methods and procedures for practical applications. 

5. Study on the effect of hypothetical nuclear warhead on the measurement 
point dose of space gamma radiation field in different size rooms 

In this paper, the influence of the height and position of the γ detector on the measurement point 
dose of the space radiation field is first studied experimentally, and the results are compared 
with the simulation results of the SuperMC software for verification. Then the software is used 
to simulate the hypothetical nuclear warhead to simulate the changes in the space radiation 
field. The conclusion of the law is as follows： 

(1) This experiment provides an important reference value for the SuperMC software simulation. It 
is concluded that different detector positions will have different effects on the monitoring results, and 
it is feasible to install at a height of about 1.5 m in the actual environment. 

(2) In a room with a length and width less than 6 m, or when nuclear equipment is operated at close 
distances, the radiation protection safety of relevant personnel should be considered. The detector 
should not be installed too far to avoid the decrease of detection sensitivity. Respond in a timely 
manner, causing radiation hazards to personnel. 

(3) In a room with a length and width greater than 6 m, or when the nuclear equipment is far away 
from the detector, the detection value at this time is small and the sensitivity is low. It is necessary to 
focus on nuclear safety issues and focus on the observation of γ detectors. Place multiple detectors 
close to the detector or install multiple detectors in multiple locations to prevent the nuclear 
equipment from being abnormally moved or shielded by humans, and the detector fails to respond, 
causing adverse consequences. 

There are still some shortcomings in this article that need further study: 

(1) The test method of this research is not sufficiently integrated with the actual situation. The 
simulation calculation model is relatively simple, and the possible complex conditions in the actual 
environment are not considered. The follow-up suggestion is to carry out experiments and 
calculations under complex conditions and combined with the height of the position. 

(2) In the γ monitoring experiment, the influence of detector angle, personnel and other factors are 
not considered, and there are large errors. Therefore, this paper can only analyze the trend of the 
simulation results to obtain relative conclusions. It is necessary to continue to study the errors and 
improve the simulation. The accuracy of the calculation result. 

(3) On the basis of this research, the next step can be to calculate the results of the typical environment 
in the position, and provide guidance for the subsequent research and formulation of relevant 
installation specifications or standards. 
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