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Consideration on the Development of Radiation
Environmental Monitoring Technology for Unmanned
Systems in China

Liu Wei', Li Fei™’, Zhang Wei', Han Shanbiao"",Yuan Zhilun'

(1. Nuclear and Radiation Safety Center, Beijing 100082, China; 2. South-Western China Regional Office
of Nuclear and Radiation Safety Inspection, Chengdu, 610066, China; 3. China Nuclear Power Engineering
Co., Shenzhen 518124, China)

Abstract: As an important part of environmental monitoring,radiation monitoring is an important technical
support for strengthening nuclear and radiation safety supervision,which also important to improve the
authority and effectiveness of independent nuclear safety supervision. Unmanned system technology
has important applications in the field of radiation environment monitoring. This paper summarizes the
development status of unmanned system technology and unmanned system radiation environmental monitoring
technology, points out its problems existing in the field of ecological and environmental protection in China.
In view of the development status of China’s unmanned system radiation monitoring industry, suggestions are
put forward from five aspects: indusiry planning and design and technical demonstration, basic conditions
construction,cross—industry,cooperation,military—civilian integration, technical specifications and supporting
standards compilation, aiming to provide reference for the development of unmanned system radiation
environmental monitoring technology in China.

Key words: unmanned systems, radiation monitoring, environmental protection, supervison & management
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Analysis Factors Influence Environmental Monitoring
Results of Thermoluminescence Cumulative Dose

Zhang Weizhu, Lin Shugian, Kong Dujuan, Zhou Ruidong

(Guangdong Environmental Radiation Monitoring Center GuangZhou 510300, China)

Abstract: In this paper, years of practical experience of the glass tube thermoluminescence dosimeter (TLD)
in radiation environment monitoring was summarized, and impact factors of reliability for environmental
monitoring were analyzed. This includes the cosmic ray response of different batches of dosimeters and the
self—irradiation level, the dispersion, the calibration coefficients of different calibration units, the stability
of the reference light source of the measurement system, and the changes in climatic and seasonal rainfall in
natural factors, et al. Some valuable suggestions were presented, whick could provide reference experience for
domestic counterparts.

Keywords : radiation monitoring; thermoluminescence; dosimeter; influence factors
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Figure 2 Process flow of compact cement curing device
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Application of Monte Carlo Method in Shielding Design of
Compact Cement Curing Device

Zeng Yufeng', Teng Keyan®, Yang Hongsheng', Zhang kexin', Song Huizhu', Peng Hao

(1. Sichuan Environment and Protection Engineering Co., Ltd., Guangyuan 628000, China;
2. Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: The compact cement curing device has the advantages of flexibility and economy in the treatment
of small or sporadic radioactive waste liquids. In order to take into account the lightness and flexibility of
the device and the radiation safety requirements for operation, it is necessary to accurately understand the
corresponding radiation distribution and accurately calculate the shielding configuration requirements, thereby
promoting the optimization of radiation protection design. In this paper, the Monte Carlo method is used
to establish the shielding calculation model of the compact cement curing device, and the radiation field
of the operator’ s working area is studied under different operating conditions. Based on this, according
to the personal dose limit requirement of XX factory, the shielding design of the compact cement—fixed
device is carried out, and the required shielding thickness is calculated. Finally, the real hot material is
used for engineering verification. The measurement data shows that the shielding design and calculation are
conservative and reasonable, which can protect the radiation shielding safety of operators.

Key words : Monte Carlo method; compact cement curing device; shielding calculation
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Fig.1 Logic diagram of platform information flow
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Fig.2 Model diagram of nuclear accident consequence evaluation
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The Application and Thinking of Nuclear Emergency

Software Platform in Nuclear Accident Emergency Drill

Mao Weixin', Meng Meifu’, Fu Huanghui’, Chang Sheng', Gong Xingjian', Jia Mulin'

(1. Radiation-Environment Management and Monitoring Station of Guangxi Zhuang Autonomous Regio,
Nanning 530222, China; 2. Department of Ecology and Environment of Guangxi Zhuang Autonomous
Region, Nanning 530222, China)

Abstract: Nuclear accident emergency drill is an important means to maintain and improve nuclear emergency
response capability, nuclear emergency software platform is a nuclear emergency management and decision
support system, which can effectively improve emergency work efficiency and quickly transmit information.
By analyzing the application of the nuclear emergency software platform in the provincial nuclear emergency
on—sit and off-sit joint exercises, this paper further discusses the development direction of the system, so as to
continue to improve the function of the system and enhance the role of technical support.

Key words: software platform; joint exercises; system function
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Analysis and Discussion on Radiation Environmental
Monitoring Situation of the Shut-Down Uranium Mining
and Milling

Zhang Hongtao, Tang Guanjun, Kong Liang, Bao Chenxi
(Eastern Regional Office of MEE (NNSA) , Shanghai 200233, China)

Abstract: Based on the site investigation and the practice of radiation environmental monitoring supervision
in the shut—-down uranium mining and milling facilities in Eastern China in recent years, this paper analyzes
radiation environmental monitoring situation and the problem of shut—down uranium mining and milling, and
provides countermeasure for the radiation environmental management of domestic shut—down uranium mining
and milling facilities.

Key words : uranium mining and milling; radiation environment; monitoring ; shut—down
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Table 1 Release fraction of core inventory during
LOCA (NUREG-1465)
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Conservation Evaluation of PWR LOCA Source Term
Analysis Method

Liu Jianchang, Chen Yunying, Ouyang Yong, Chen Yichen, Shen Yonggang’

(China Nuclear Power Technology Research Institute Co., Ltd, Shen Zhen 518000, China)

Abstract: The main LOCA accident source term analysis methods are presented in the present paper, including
those given in the regulatory guide of US, RCC-P, analysis criterion of the design basis accident source
terms of the PWR nuclear power plant of China and research reports of European. In the present paper, the
conservatism of the LOCA source term analysis method given in Chinese Analysis Criterion are evaluated. The
behaviors of the radionuclides are conservatively simplified and the conservative assumptions are given for the
release process evaluation. Thus, the accident source term analysis method given in Chinese Analysis Criterion
is a conservative method.

Key words : PWR; loss of coolant accident; accident source term
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Research on the Commission Test Integrity of HPR1000

Zhu Wei, Hou Qinmai*, Cai Ning

(Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: Introduce the relevant requirements of China, IAEA and NRC regulations and standards for nuclear
power plant commissioning test, combines the analysis of functions and items, and considers the domestic
mature engineering experience, and determines the selection process of HPR1000.The test procedure classified
11 selection principles compared with those of the The nuclear power plant commissioning procedures
(HAD 103/02) Appendix I, the selected test meet the requirements of the guidelines.At the same time, by
analyzing the 13 new concepts and new designs characteristics, the verification method is clarified.The integrity
and adequacy of the commissioning test procedures determined by the above methods meet the nuclear safety
requirements, ensure the safe completion of the commissioning of the nuclear power plant and achieve the
design purpose of the nuclear power plant.

Key words: HPR1000; commissioning; selecting principle; nuclear safety
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Table 1 Comparison between Chinese and UK’ s
dose limits
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AN K 1 mSv 1 mSv
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Review and Practice of Radiation Protection Regulations
for UK Generic Design Assessment

Ran Wenwang, Fang Liang, Lv Weifeng, Gong Quan

(China Nuclear Power Engineering Co., Ltd, Shenzhen 518000, China)

Abstract: Based on the radiological protection work carried out during the UK Generic Design Assessment,
this paper reviewed and summarized the UK’ s legislative framework for radiological protection, mainly
includes : the Tonising Radiation Regulation 2017, the Radiation (Emergency Preparedness and Public
Information) Regulations 2019, Safety Assessment Principles, and their guidance. UK’ s unique numerical
targets requirements have been reviewed and analyzed. The practices and interactions during UK HPR1000
GDA in the radiological protection area are incorporated to provide suggestions for nuclear regulations and
design in China.

Key words: UK nuclear; generic design assessment; radiological protection; nuclear regulation ; legislation
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Table 1 Test data of lower detection limit
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Methods for measurement method gross o and gross B in
Aerosol

Liu Minghai, Xu Zhiyan, An Guixiu

(Shandong Huankeyuan Environmental Testing Co., Ltd. Jinan 250013, China)

Abstract: The main technical parameters of gross a and gross 3 in the measurement of tgross o and gross 3 in
Aerosol, such as the placing time of samples and the ashing temperature, were optimized; A filter membrane is
used to collect the aerosol samples in the air, and the solid ash samples are obtained by ashing and burning.The
tgross a and gross B radioactivity of solid gray samples was measured by low background o« and B meter, and the
gross o and gross B radioactivity in Aerosol was calculated.The precision, accuracy and lower detection limit
of the method were verified by repeated environmental aerosol samples, standard samples and blank samples
to confirm the scientificity of the method; The results of the gross a and the gross B in aerosol are greatly
influenced by the time of sample placing and the ashing temperature, which should be determined according to
the object concerned.Under typical conditions, the gross a detection limit of this method is 3 wBq*m™ and the
gross B detection limit of this method is 2 wBq*m™, and the recovery rate is more than 87%; This method can
be used to measure the gross a and gross B radioactivity in the Aerosol, which meets the requirements of the
Environmental monitoring for detection lower limit, precision and recovery rate.

Key words: acrosol; gross a; gross 3; method of measurement
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Analysis of event due to loss of spent fuel pool cooling
based on fault tree analysis method

Liu Shixian, Hou Qinmai, Chu Qiangian, Che Shuwei, Jiao Feng

(Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: The event occurred in a domestic nuclear power plant due to loss of spent fuel pool cooling caused
by mistakenly closing 1RRI isolation valve to common load, and the root cause was analyzed by using fault
tree analysis method. The main failure point of the event process was determined by establishing the sequence
of event, which was treated as the top event of the fault tree. From the top event, the cause of the failure of
the upper level of the fault tree was continuously investigated, then deep cause was found out, and finally the
root causes of the event were determined that the operator was lack of test preparation and work skills, and
no self—checking or other protections from human errors were taken during the operation. The barrier of chief
failed and no effective guardianship or support from chief was provided for the operator. Preparation and con—
trol for major high—risk activities was insufficient. Finally, some proposals for improvement were given.

Key words: fault tree analysis method; operation event; root cause analysis
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Table 1 Chemical composition of pressure vessels
2y (40 1%
ML FR
Si Mn Ni Cr Mo P S Cu \Y

A212B 0.30  0.15-0.30 0.85-1.20
A302B <026 0.13-0.32 1.10-1.55 0.41-0.64 0.035  0.040
A533B <025 0.15-0.30 1.51-1.50 0.40-0.70 0.45-0.60 <035 <0.40 0.12
A508B-11 <027 0.15-0.35 0.50-0.90 0.50-0.90 0.55-0.70 <0.025 <0.025 0.10 0.05
208 A508-1I <026 0.15-0.40 1.20-1.50 0.40-1.00 0.25-0.45 0.45-0.55 <0.025 <0.025  <0.10 0.01-0.05
20MnMoNi55
i A508-11  0.17-0.23 0.15-0.30 1.20-1.50 0.50-1.00 <0.20 0.40-0.55 <0.012 <0.015  <0.12 <0.02
16MND5 74 5 <020 0.10-0.30 1.15-1.55 0.50-0.80 <0.25 0.45-0.55 <0.008 <0.008  <0.08 <0.01
A508-TSFVV3
HA A508-T  0.15-0.22 0.15-0.35 1.40-1.50 0.70-1.00 <025 0.46-0.64 <0.003 <0.003 0.02 0.007
rhE A508-11 ~0.19 0.15-027 1.20-1.43 0.73-0.79 0.06-0.20 0.48-0.51 <0.009 <0.006 0.034-0.070 0.005-0.05
e 0.13-0.18 0.17-0.37 0.30-0.60 1.0-1.5  1.8-2.3 0.50-0.70 <0.025 <0.025 <0.15 0.30
15X2HM ¢ A
R 0.13-0.18 0.17-0.37 0.30-0.60 1.0-1.2  1.8-2.3 0.50-0.70 <0.02 <0.02 <0.05 0.10-0.12
15X2HM ¢ A-A
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Suggestions on the Establishment of Radiation Monitoring
Database for Reactor Pressure Vessels in China

Zeng Zhen, Fang Yonggang

(Nuclear and Radiation Safety Center, MEP, Beijing 100082, China)

Abstract: Reactor pressure vessel is the key equipment in pressurized water reactor which cannot be replaced.
Its structural integrity is closely related to the safety and cycle-life of nuclear power plant. By integrating the
radiation monitoring data and constructing the radiation embrittlement prediction formula and models, the state
of pressure vessel can be predicted effectively, and the level of operation safety and economy of nuclear power
plant can be improved. Based on the investigation and analysis of the details of the construction of radiation
monitoring database and radiation embrittlement prediction models for reactor pressure vessels, some sug—
gestions were proposed on the establishment of radiation monitoring database suitable for the actual radiation
monitoring practice in China.

Key words : reactor pressure vessel; irradiation monitoring; irradiation embrittlement; database
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Fig.6 Concentration cloud diagram of glove box section in tritium leakage stage
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Simulation Study of Tritium Transport in CFETR TEP
Glove Box based on COMSOL

Han Jincheng'?, Wang Haixia', Li Taosheng', Fu Xuewei'

(1. Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China; 2. University
of Science and Technology of China, Hefei 230027, China)

Abstract: The glove box is an important safety confinement for reducing tritium leakage in Tokamak Exhaust
Processing (TEP) system. The study on tritium transport process in TEP glove box is of great importance to the
detailed conceptual design of tritium safety confinement system. In this paper, a physical model is established
based on COMSOL sofiware, and the model is verified by comparing the simulation results of COMSOL
software with the tritium experimental results of National Institutes for Quantum Science and Technology
(QST). The comparison results prove that COMSOL software can simulate the tritium transport process well.
According to the latest design parameters of China Fusion Engineering Test Reactor (CFETR), tritium transport
process in glove box throughout the TEP typical incident is simulated and analyzed. The results show that:
After 10 s of tritium leakage, the tritium concentration in glove box basically stabilized at 7 x 10" Bq+m™;
After the emergency system is activated, it takes 277 s to ensure that the tritium concentration in the glove box
is reduced below the alarm set value. The simulation results can provide data support for the detailed design of
CFETR TEP safety confinement system.

Key words: Tokamak Exhaust Processing system; Tritium safety confinement system; Glove box; Tritium

transport simulation; COMSOL
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Table 2 Spent fuel assembly status

Bl A Y WIREEE RE—h
M5 S GWAMTU  wt%™U iy )
Al Al0 41.6 3.8 2015/04/18
Al All 46.3 4 2016/08/06
A5 A590 46.7 4.1 2021/08/29

D6 D6497 429 4 2019/02/02
T DAL T 4 Sl ™ A= g i G 0 x B/ 2wl gh),

MTU 4§ metric tons of uranium.,

F3 HUARAEREEE
Table 3 Unit unavailable charge date

P B HOTIREY SRR H Y
45 AS 2026/04/30 2026/06/24
46 Al 2026/04/19 2026/05/23
49 A3 2026/03/10 2026/04/9
55 A2 2025/11/11 2025/12/17

R4 BB AEEIRAEEE

Table 4 Reprocessing unavailable discharge date

P JRAET R P TSR B
70 APl 2024/11/13 2024/12/11
95 APl 2023/05/05 2023/06/13
143 AP2 2023/11/13 2023/12/11
168 AP2 2022/05/05 2022/06/13
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A3 690 594 86 53 LA AL 2 254, D B ) D1 AL 4B 3 4>
Ad 682 598 88 53 7o, DAL 2 A28 4%, B Gs SR R
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D4 682 584 86 53 411 L.
D5 683 433 63 53
D6 o1 208 7 5 R6 F1MARKMER
Table 6 Plan 1 solution result
B A AL PRIR A B S5 A R it o
fre/ N H IR 3 W AN HLALIR 22 7] A2 1Y A LAY (3.0, 2,0, 0,0, 3,
e A
SRR, LA 45 WAL AT SRR 2528 1B A1 0,0, 2,0, 0]

AR 24 ML ANE B30 PR 7T Sz OIS T Bk 137

Yy 23 aa 4 4 Hd"&/d
] 7, A BEAT B A o o 45 LA 1 2+ s (0. 0. 0. 0. 0. 0. 0
AmTe S b A e AR A I LB
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Table 7 Plan 1 time constraint determination

kL myE B4l Jrikk IR GE TEICHE ARGl S Ak - o fE]
WY - HHH I HHH 1 kHH I BRI ORHER A 2R
1 A Al APl 2022-11-11  2022-11-22  2023-01-12  2023-01-27 77 0
2 A A3 AP2  2022-11-11  2022-11-22  2023-01-12  2023-01-27 77 0
3 D DI APl 2022-11-11  2022-11-22  2023-01-27 2023-02-11 92 0
4 A A3 AP2  2022-11-22  2022-12-03  2023-01-27 2023-02-11 81 0
5 D DI APl 2022-11-22  2022-12-03  2023-02-11 2023-02-26 96 0
6 D D4 AP2  2022-11-22  2022-12-03  2023-02-11 2023-02-26 96 0
7 A Al APl 2022-12-03 2022-12-14 2023-02-26 2023-03-13 100 0
8 D DI AP2  2022-12-03  2022-12-14  2023-02-26 2023-03-13 100 0
9 D D4 APl 2022-12-03 2022-12-14 2023-03-13  2023-03-28 115 0
10 A Al AP2  2022-12-14  2022-12-25 2023-03-13  2023-03-28 104 0
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Table 8 Charge container allocation comparison

i Pl ATHR % RN RIVTES
Gy EAEWEUA EAARE A
D DI 2 3
D2 1 0
D3 0 0
D4 0 2
A Al 1 3
A2 0 2
A3 4 0
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Table 9 link time consumption comparison
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Table 10 Package existence time comparison
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Study on Spent Fuel Charging Scheduling based on
Heuristic Algorithm

Su Kang', Li Zhixing', Shi Ji*, Li Shiyuan’, Jing Shunping’

[ 1. China Nuclear Power (Beijing) Simulation Technology Co., Ltd., Shenzhen 518031, China;
2. CGNPC Uranium Resources Co., Ltd., Beijing 100029, China |

Abstract: The loading and scheduling aspects of the spent fuel transport plan are subject to various con—
straints that make manual transport planning a challenge. At the same time, manual planning is limited by the
experience and capability of the staff and is unable to fully consider the various influences on the transport
process, resulting in a much less executable plan and a significant drain on human and material resources.
In this paper, the business logic of the loading scheduling process is abstractly modeled, and a mixed integer
programming model is developed with the two objectives of minimizing the completion time of the loading task
and maximizing the urgency of the outbound transportation, considering the upper limit of the number of con—
tainers, the state of the spent fuel assemblies, the number of operating surfaces and various time windows. A
finite rule—based heuristic algorithm was designed to solve the model considering the size of the problem and
the timeliness of the solution, and the results of the algorithm were finally validated using discrete simulation
software.

Key words: spent fuel; charge scheduling; priority rules; heuristic algorithm
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Fig.1 schematic diagram of radiation inspection field
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Table 1 Cosmic ray response measurement of Wanlu Lake and correction results of cosmic ray response of radiation
inspection field

P&V &S URES 7 5 47 e v £ R SRS 22 SR

1 RSS-131 0.97 349 344
2 1.03 35.0 345
3 1.02 39.0 38.4
4 FH40G 1.04 14.6 14.4
5 1.20 13.5 133
6 1.20 13.7 13.5
7 0.96 14.2 14.0
8 1.28 12.5 12.3
9 0.97 12.5 12.3
10 0.83 18.3 18.1
11 0.95 14.1 13.9
12 0.93 16.0 15.7
13 0.78 13.6 13.4
14 1.19 15.7 15.5
15 6150AD 0.84 335 33.0
16 0.63 33.9 334

TE: (D Cs TR IEZRE, ST R d >0 i 40ty AR i R I R EOh 1.2, 6150AD RECHHA
@ 6150AD AU L5 A BN nSv+h™!, HAXAH S S5 R B0l nGy-h'o

R2 FHHELMEERAERESESCEHTEERILR

Table 2 Terrestrial measurement of cosmic ray response and calibration coefficient results

o By FH LN (nGy-h)
PG ol b1 — - — -
SHE S M%) BEE SR fs
2 0.9327 -1.3484 1.03 1.03 0.0 34.5 30.7 -3.8
3 0.9591 6.0385 1.02 1.01 -1.0 38.5 39.0 0.5
5 0.9083 -3.8884 1.20 1.14 -5.0 13.3 9.2 -4.1
6 0.8841  -3.1063 1.20 1.18 -1.7 13.5 9.6 -3.9
7 1.1548 1.4244 0.96 0.90 -6.1 14.0 18.1 4.1
8 0.8998  -0.8263 1.28 1.16 -9.6 12.3 12.1 -0.2
9 0.8901 -5.753 0.97 1.17 21.0 12.3 7.1 -5.2
10 1.3047  -2.0681 0.83 0.80 -4.0 18.0 16.7 -1.3
11 1.049 3.1144 0.95 0.99 4.2 13.9 18.2 4.3
12 1.0325  -0.3018 0.93 1.01 8.2 15.8 14.6 -1.2
13 1.1693 2.0447 0.78 0.89 14.1 134 18.9 5.5
14 0.9683 2.8656 1.19 1.07 -10.1 15.5 16.8 1.3

O ZE %=100 x (S256(H - % H) S%1H;
@42 = LAl - B H%(E.
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ARRILA 16 & v FSHN RSN X, 15
) W E G 64 Ao SR AE BRI A Y 125K
B AN BR T e ma N AE e LA HE REUS
s I8 T35 3.

®3 yEHFERENER (nGy-h')
Table 3 The results of y radiation dose rate (nGy-h™)

ICERAS IR Bl dEB 2 Fb2
1 138.2 75.9 119.3 186.5
2 134.6 74.7 121.4 180.2
3 1372 79.9 138.4 2125
4 149.3 90.6 127.9 197.5
5 154.1 90.6 129.6 209.2
6 155.4 81.6 127.1 199.2
7 167.3 96.0 150.4 223.1
8 164.4 95.4 141.6 221.6
9 1152 67.8 103.4 1552
10 158.3 84.0 141.6 200.1
11 146.8 83.8 130.7 191.4
12 132.8 83.4 126.2 184.1
13 139.4 76.5 120.5 183.1
14 165.7 94.2 143.0 224.0
15 144.8 87.3 127.6 188.4
16 147.1 81.1 126.4 196.1

KRR Z L BOE PRI 3 3 LEXTAE R,
PENETRILE 4.

x4 ZHOBELZRLER

Table 4 Z score numerical result summary table

{CERACRS EB% 1 M1 JER 2 E2
1 -0.7 -0.9 -0.8 -0.6
2 -0.9 -1.0 -0.6 -0.9
3 -0.7 -0.4 1.0 0.9
4 0.2 0.8 0.0 0.0
5 0.5 0.8 0.2 0.7
6 0.6 -0.2 0.0 0.1
7 1.5 1.4 2.2 1.5
8 1.3 1.4 1.3 1.4
9 -2.4 -1.9 -23 -23
10 0.8 0.0 1.3 0.2
11 0.0 0.0 0.3 -0.3
12 -1.1 0.0 -0.1 -0.7
13 -0.6 -0.8 -0.7 -0.8
14 1.4 1.2 1.5 1.5
15 -0.2 0.4 0.0 -0.5
16 0.0 -0.3 -0.1 0.0

M 4 ] L, 64 AW EoiE A 60 A5
A5 2 1 L X5 5, BB 94% ;4 1> Wi
s h S, 30 AR AR O AETE 1B
% 2 b 2 RIS CHD 7 R 2 (1 gt IR

Y 2% 3 AL, AR AR A 7 0 2 SR B M
2 Z AN R Rl A B R . A B 2 2
JoN 223.1 nGy-h™', 1 57 I i 25 SR A AR
224.0 nGy-h™ ;[ EHACHS 9 5 &5 S 1y Ky [A] o5
Pt /IME . ZA% 52, AR IR S 5 HOX AR 15
A 7 5 H A ERACHE 7 ALERARES 9 4
SR H R A R A . R 2 AT
ALERACHS 9 Wl RESL A 5 25 (E AR X i 2
9 21%, % R E HEE T A RGER 2, Bk
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£S5 y BHFERURNLER (nGy-h')
Table 5 The results of y radiation dose rate (nGy-h™)

IS EpK 1 R JERE2 EHh2
1 138.2 75.9 119.3 186.5
2 134.6 74.7 121.4 180.2
3 137.2 79.9 138.4 2125
4 149.3 90.6 127.9 197.5
5 154.1 90.6 129.6 209.2
6 155.4 81.6 127.1 199.2
7 157.1 90.2 141.2 209.5
8 164.4 95.4 141.6 221.6
9 139.5 82.1 125.1 187.9
10 158.3 84.0 141.6 200.1
11 146.8 83.8 130.7 191.4
12 132.8 83.4 126.2 184.1
13 139.4 76.5 120.5 183.1
14 165.7 94.2 143.0 224.0
15 144.8 87.3 127.6 188.4
16 147.1 81.1 126.4 196.1

W2 5 TP BRI TR Z L BOE TN,
T A5 R L3R 6.

HH 3R 6 AT UL, BHA R AES 7 AL ARAD 9
45 SR AR SR 0 3 R B (A T R
A W ZE IR Z e B < 2, B 64 /> Wi
BRI EASHEAY FEX R, 5 HE 100%.

Fo6 ZUtHBELRILE

Table 6 Z score numerical result summary table

A EE% 1 MLl dEE 2 FO2

1 -0.7 -1.1 -0.9 -0.7
2 -1.0 -1.3 -0.7 -1.0
3 -0.8 -0.5 1.1 1.0
4 0.2 1.0 0.0 0.0
5 0.6 1.0 0.2 0.8
6 0.7 -0.3 -0.1 0.1

7 0.8 0.9 1.4 0.8

8 1.4 1.7 1.5 1.6
9 -0.6 -0.1 -0.3 -0.6

e R Bl HEEK2 B2
10 0.9 0.1 1.5 0.2
11 0.0 0.0 0.3 -0.3
12 -1.1 0.0 -0.2 -0.8
13 -0.6 -1.0 -0.8 -0.9
14 1.5 1.5 1.6 1.7
15 -0.2 0.5 0.0 -0.5
16 0.0 -04 -0.1 0.0
4 it

AR 3FALS 16 & v FSH IS
TMEERS IR, e 14 B AXER S i 5 2
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Results and Analysis of Comparison of Environmental
y Radiation dose Monitoring and Cosmic Ray Response
Measurement

Zhang Hua, Chen Zhidong, Xu Runlong, Lin Weiwei, Liang Minghao

(Guangdong Environmental Radiation Monitoring Center, Guangzhou 510000, China)

Abstract: Guangdong Provincial Environmental Radiation Monitoring Center (GERC Jorganized 10 radiation
monitoring units to compare environmental y radiation dose rate and cosmic ray response measurements.The
results show that the relative deviation between the calibration coefficients of 12 instruments and the experimental
coefficients obtained in radiation inspection field ranges from —10.1% to 21.0%, and the relative deviation of
11 instruments was less than 10%.The absolute deviation between the cosmic ray response values (experimental
values )and measured values ranges from —5.2 to 5.5 nGy+h™". The instrumental measurements were corrected
by experimental coefficients obtained by the GERC radiation test field, and then the results evaluated by the
robust Z—score method at four measuring points were all satisfactory.

Key words: radiation inspection field; radiation measuring instrument; cosmic rays; calibration coefficient
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Table 1 Nuclear power plant operation data for 2019

Pt s SRR BB
A s =

MW TWh
JEKHE 45 47304 335.266
HKHE 2 1456 11.635

TEE®A: KTE (1991—), 3, B TR, ST NS 3 A R I A LT AR

i Lols Dl
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Table 3 Inspection of manufacturing preconditions
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Discussion on procurement management of nuclear power
equipment

Zhang Zirui
(China Nuclear Power Engineering Co. Ltd, Beijing 100840, China)

Abstract: Nuclear power equipment procurement management is one of the core steps to ensure that the full
equipment design intent is perfectly transformed into real products, and it is the main interface between the
designer, equipment supplier and the owner of the operating unit. Especially, it is one of the most important
processes to ensure the final construction quality of nuclear power projects. If the procurement management of
nuclear power equipment is in place, the progress and the expenditure of nuclear power project can be in line
with expectations. This paper makes a preliminary summary and discussion on the procurement management
of nuclear power equipment. Through the elaboration and analysis of the procurement management process of
nuclear power equipment, it puts forward some common problems existing in the procurement management of
nuclear power equipment. Also, it gives some preliminary suggestions on how to deal with the problems.

Key words: nuclear power; equipment procurement; management
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Fig.2 Nuclear facility physical protection system design process
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Fig.4 On-site observation method evaluation process
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Research on Risk Analysis and Assessment and Methods
based on Nuclear Facilities

Lu Hong', Chen Fanglei'’, Wang Shuo', Chen Chen', Ju Jingmin'

(1. National Nuclear Security Technology Center, Beijing 102401, China; 2. School of Management,
Beijing Institute of Technology, Beijing 100081, China)

Abstract: China is in a period of rapid development of nuclear energy and nuclear technology utilization, the
nuclear technology application system has become more and more large and complex, and the risks and threats
it faces are becoming more and more serious. Experts and scholars engaged in the design of physical protection
systems in the field of nuclear safety have always been committed to summarizing various risk analysis and
assessment methods and proposing effective measures to deal with risks. While developing innovative
production technologies, they can ensure the safety of personnel, facilities and the environment. Risk assessment
is an indispensable and important part of major accident prevention. It can help research designers identify the
weaknesses of nuclear facility systems in the early stage of risk, analyze various risk events that may occur
in the facility during the operation stage, and prevent major accidents in advance. Risks occur or take
effective control measures when risks occur. Starting from the risk assessment in the field of risk management,
this paper explores, sorts out and studies the assessment techniques and methods, summarizes the methods and
assessment techniques applicable to the field of nuclear safety, and aims to improve the design of the physical
protection system of nuclear facilities and the performance of the nuclear facility operation stage. safety level
and provide an effective assessment method.

Key words: nuclear facilities; risk identification; risk analysis; risk assessment; evaluation methods
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Fig.1 Nuclear security incident risk assessment process
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Fig. 4 (b) Collusion fault tree inside and outside a
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Table 7 External Capability—Weight Probability Table

facility (Example)
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Application research of Nuclear security Incident Risk
Assessment based on fault tree analysis

Chen Fanglei'”, Lu Hong’, Chen Chen’, Wang Shuo’, Lv Angi’

(1. School of Management, Beijing Institute of Technology, Beijing, 100081; 2. National Nuclear
Security Technology Center, Beijing, 102401)

Abstract: In recent years, there has been an increasing number of terrorist attacks, violent terrorist activities
and religious extremist organizations at home and abroad. The threat of nuclear terrorism and the risk of
nuclear proliferation faced by the international community have become more and more serious. Counter—
terrorism has become a normal trend. With the continuous change of threats and risks, more and more attention
has been paid to the physical protection of nuclear materials and facilities. In order to strengthen national
nuclear security capacity—building and better respond to threats and risks, the technical level of risk analysis
and assessment needs to be comprehensively improved. By briefly describing the security incidents of nuclear
materials in various nuclear facilities, this paper summarizes the significance of maintaining the safety of
nuclear materials in nuclear facilities, combines existing risk analysis and evaluation methods to simulate the
the theft of nuclear materials in nuclear facilities, analyzes the risk assessment method, explains the effectiveness
of the evaluation method, and puts forward the next Step by step improvement measures.

Key words: fault tree analysis; nuclear facilities; nuclear security; risk assessment
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