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Optimization Design of Cleaning Inspection Interlock for
Electron Accelerator Irradiation Device

Chen Guangrong, Wei Tongxia', Tang Na, Xiao Haibin, Lv Xiaoliang
(Shandong Lanfu High—energy Physics Technology Co., Ltd., Jinan 250101, China)

Abstract: During the operation of the electron accelerator, a variety of radiation sources will be generated in
the irradiation room and the main engine room, and personnel entering the irradiation room or the main engine
room by mistake will be exposed to radiation hazards. A radiation safety interlocking system with complete
performance, stability and reliability must be established. The site clearing inspection interlock is an important
part of the radiation safety interlock system. This paper introduces the optimal design scheme of the site
clearing inspection interlock, which interlocks the site clearing inspection with the control door, with the signal
to prevent people from entering by mistake, and with audible and visual alarm. It realizes the functions of site
clearing inspection when opening the door, patrol inspection alarm and patrol inspection personnel following,
which further improves the site clearing inspection and better protects the personal safety of personnel.

Key words: electron accelerator; site clearing and patrol inspection interlocking; prevent people from entering

by mistake; prevent personnel from following

(e #E: FART)
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Foreign Material Management During NPP Construction

Chen Xiaoxia', Li Wei’, Bai Lan’

(1. China Nuclear Power Engineering Co., Ltd., Beijing 100840, China; 2. China Nuclear Power
Engineering Co., Ltd., Hebei Branch, Shijiazhuang 050000, China)

Abstract: We investigate typical foreign material experiment feedback in course of construction and

Installation stage of nuclear power plants, and key properties of foreign material management for nuclear safety

and quality improvement. Based on this investigation and aiming to improve the management quality of foreign

material prevention in nuclear power plants, we propose measurements for the control of foreign material in

the construction and Installation stage of nuclear power plants from five aspects associated with human being,

machine, material, method and environment.

Key words: nuclear power plants; foreign material; experiment feedback; management measure
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Localization and Development Suggestions of Radiation
Monitoring System for HPR1000

Zhang Jungi, Du Juntao , Hua Feng
(CNNC Xi’an Nuclear Instrument Co., Ltd., Xi’an 710041, China)

Abstract: As an important part of the HPR1000 equipment, the radiation monitoring system can not only
ensure the safe operation of nuclear power plants, but also ensure the safety of workers, public and the
environment.This paper analyzes the domestic situation of the radiation monitoring system of HPR1000, the
world’s first Fuqing Nuclear Power Unit No. 5, and discusses the localization of the system from the sensor and
equipment levels. This paper discusses the gap between domestic manufacturers and imported manufacturers
from the aspects of product line, technical index and qualification, and expounds the reasons for the gap. This
paper discusses the path and trend of localization of nuclear power plant radiation monitoring equipment, and
provides some reference ideas for the design and development of radiation monitoring system.

Key Words : HPR1000; radiation monitoring system; localization; development trend
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Introduction to the UK Context for Generic Design Assessment

Mao Qing, Fang Liang’

(China Nuclear Power Engineering Co., Ltd., Shenzhen 518026, China)

Abstract: Based on the experiences of the Generic Design Assessment Project for UK HPR1000, this paper

reviewed and summarized the UK context in the civil nuclear regulatory requirements for the nuclear new

build, with a focus on the three specific concepts: Safety Case, ALARP and BAT. The purpose is to provide

the readers with insights into the civil UK nuclear regulation context from a Chinese perspective.
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Nuclear Power Plants Fault & Protection Schedule
Implementation

Xu Miaomiao, Lin Zhikang, Ji Wenying, Shen Yonggang, Ouyang Yong

(China Nuclear Power Technology Research Institute, Shenzhen 518000, China)

Abstract: Fault & Protection Schedule presents the golden thread during the Generic Design Assessment
(GDA). It clearly shows the safety functions required by design basis conditions and give a visible review of the
nuclear power plant. This paper gives a sight on how to produce the Fault & Protection Schedule and discusses
its future application on the basis of international codes and standards investigation and personal experience
gained from GDA of HPR1000. Fault & Protection Schedule could be a useful tool both for the future licensee
and authority party to be generalized in the license application process.

Key words: GDA; fault analysis; safety functions; NPP design; diversity
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3 215.6 1.85 152126.7 4.47 8.23
4 176.7 1.93 162255.8 5.02 6.91
5 100 2.0 172506.0 0 1.02
6 48.9 2.0 175076.8 0 0
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Table 2 Analysis Result of Typical Condition
TH S (MPa)  RE(C) BUNREC, FmiAE R Ge/(kg-mZ+s™) X 1Lc/De X1 2La/De

1 15.5 276.7 1.63 123671.9 3.38 8.96
2 13.34 250 1.70 124786.6 3.68 8.72
3 6.65 215.6 1.68 88538 3.35 7.61
4 3.03 176.7 1.73 61621.8 3.15 6.16

1.48 71.1 2.0 51993.0 0 0
6 0.2 60 2.0 14275.7 0 0
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Research on Break Jet Pressure and ConditionSelection of
Nuclear Power Plant

Guo Dandan, Xiang Wenjuan, Wu Huiping

(Shanghai Nuclear Engineering Research and Design Institute, Shanghai 200233, China)

Abstract: After high—energy pipeline break accident occurs in a nuclear power plant, it will cause jet in
a certain area, which will cause the material in this area to break into debris. In this paper, based on the
calculation method of ANSI/ANS 58.2, the thrust coefficient, jet shape and jet pressure of the jet under the
break condition are studied, thus the jet pressure distribution at different distances under different working
conditions is obtained, and the most conservative break condition for the material rupture in the containment is
selected. Through the analysis and study of sensitivity conditions, it is found that the injection pressure of free
expansion fluid increases gradually with the increase of sub—cooling under the same initial pressure condition,
so it is suggested that the working condition with high sub—cooling should be selected as the design condition
of jet pressure. In addition, through the analysis and study of the typical working conditions of the nuclear
power plant, it is found that it is necessary to determine the maximum sub—cooling according to the actual
working conditions of the nuclear power plant so as to determine the length of the maximum jet core. and zero
power condition can be selected as the break design condition when calculating the break jet pressure of the
nuclear power plant.

Key words: thrust coefficient; jet shape; jet pressure; sub—cooling; jet core
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Fig.1 Fluka software simulation calculation proton—
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Table 1 Simulation results of some components

FRLTT . [ AR e <
e PERE R h o
e (Bgkg) v Htk
FiF#% “Co 2718 K 791 x10° H
3 %Co 773K 348x10° 4
*Fe 2734 1.12x 100 X 5%k
*Mn 3121 K 1.90x 10 H
Y% 330 Kk 5.11x10° X §i4k
Na 264 329x%x10° H
Cine “Co 271.8 K 543x10° H
e SFe 2T3AE 483x10° X §H
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Fig.2 Model of neutron activated cyclotron (XZ plane)
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Fig.3 Model of neutron activated cyclotron (YZ plane)
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Fig.4 Field diagram
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Fig.5 Cyclotron disassembled field view
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Discussion on Decommissioning and Dismantling of
Cyclotron Methods to Minimize Radioactive Waste

Wang Yuan', Zhang Tianyi’, Chen Yang’, Yi Yalei*’, Chen Hongtao’

(1. Department of Ecology and Environment of Shaanxi Province, Xi’an 710000, China; 2. Xi’an AMS
Co., Ltd., Xi’an 710000, China; 3. Beijing Guoyuan New Technology Co., Ltd., Beijing 102400, China)

Abstract: This paper mainly analyzes and summarizes the radioactive waste minimization treatment methods
in the cyclotron decommissioning process of a Class ili Grade A hospital in Shaanxi Province, aiming to
provide good engineering practice experience for the radioactive waste treatment in the similar cyclotron
decommissioning process in the future. The cyclotron in this paper is mainly used for the production of
medical radioisotopes. Because the equipment is old and cannot meet the production requirements, it
is decommissioned to achieve the purpose of cleaning and de—controlling the site and equipment. The
decommissioning scope mainly includes the cyclotron main body and main room, drug synthesis room and its
supporting rooms, which need to be cleaned and cleaned. In the dismantling of cyclotron and large components
before cutting and cutting process, on—site monitoring sampling and laboratory analysis, through the field
monitoring results and produce radioactive waste source term analysis, in accordance with the principle of
waste minimization, the low—level radioactive waste and low gearing up radioactive waste sorting collection and
storage, Clean, decontrol and recycle the components that reach the level of cleaning and decontrol. About 25
tons of radioactive waste were generated in this decommissioning, and about 12 tons of decommissioning waste
could be sorted out according to the method described in this paper, so as to minimize waste.

Key words: cyclotron; decommissioning of nuclear technology utilization projects; nuclear and radiation;

cleaning and control; radioactive waste product
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Table 2 Flaw length—depth joint probability distribution
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Table 3 Probability of SGTR induced by defects with different length and depth
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Disscussion of Calculation Method of CSGTR Probability

Wang Zhao, Pei Liang, Li Qiongzhe
(Suzhou Nuclear Power Research Institute Co. Ltd., Suzhou, 215000, China)

Abstract: The phenomenon of consequential steam generator tube rupture has a great influence on the risk
of core damage and early large—scale release of radioactivity in nuclear power plant. It is very important to
accurately calculate and determine the probability of consequential SGTR in order to correctly recognize the
nuclear safety risk of nuclear power plant. In this paper, the existing calculation methods of the probability of
CSGTR are investigated, compared and summarized. Based on the comparative analysis of various methods,
and combined with the actual situation in China, a set of calculation method path of the fracture probability
of CSGTR is proposed. The data collection and analysis calculation method of CSGTR proposed by the paper
provides a reference for the application of PSA and safety supervision in the following domestic nuclear power
plants.

Key words: nuclear power plant; steam generator; heat transfer tube; CSGTR; PSA
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Statistical Analysis and Suggestions on Human-related
Operating Events of Nuclear Power Plants in Recent Five Years

Xu Youlong', Liu Wan"", Zheng Lixin', Jiao Feng', Zhang Hao', Zhang Li’, Zou Yanhua’

(1. Nuclear and Radiation Safety Center, MEE, Beijing 100082, China; 2. Hunan Institute of Technology,
Hengyang 421000, China)

Abstract: Since the start of nuclear power in my country in the 1980s, considerable progress has been made
in nuclear power construction and operation. For example, the number of nuclear power plant license operation
events on average to the unit has dropped significantly, and the WANO indicator (World Association of
Nuclear Power Operators Operational Safety Indicator) is at International forefront. But nuclear safety is the
lifeblood of nuclear power, and higher safety performance is the eternal goal. The operation of my country’s
nuclear power also shows that human—related incidents still account for a large proportion of nuclear power
plant incidents. Relying on the work resulis of the nuclear power plant human factors working group of the
National Nuclear Safety Administration in recent years, the author has carried out a statistical analysis of the
human factors related events in my country’s nuclear power plants in the past five years, and obtained the
overall status of human factors in my country’s nuclear power plants. The problems existing in the management
of nuclear power plants in China are also put forward, and suggestions are put forward for further strengthening
the supervision of human factors in my country’s nuclear power plants.

Key words: human error; operational events; human error prevention tool; human error trap; human working

group
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Table 1 Simulation working condition settings
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Table 3 Carbonsteel property parameter settings
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Simulation Study on Heat Transfer Performance of Passive
Containment Air Cooling System for ACP100

Feng Yu, Liu Zhuo, Li Yunyi', Yu Mingrui, Wang Hongliang, Han Xu, Yuan Yidan

(CNNC Key Laboratory on Severe Accident in Nuclear Power Safety, China Nuclear Power Engineering
Co., Ltd., Beijing 100840, China)

Abstract: ACP100 is a small modular pressurized water reactor designed by China National Nuclear
Corporation (CNNC). The Passive containment Air cooling System (PAS) is one of the important Engineering
Safety Feature of the small modular pressurized water reactor ACP100.The heat transfer performance of the
PAS under accident conditions has an important impact on safety features of ACP100In this paper, ANSYS
Fluent 19.0 was used to build a CFD model for the PAS, investigating the effects of inner wall temperature of
the containment and air relative humidity on heat transfer performance of the PAS under accident scenarios at
steady state. The numerical simulation results show that 1233.76 kW increase in the total heat transfer power
when the inner wall temperature of the containment increases from 353.2 K to 403.2 K under the condition
that the air relative humidity is 0%. Inner wall temperature of the containment has a significant influence on
heat transfer performance of the PAS. 46.51 kW increase in the total heat transfer power when the air relative
humidity increases from 0% to 100% under the condition that the inner wall temperature of the containment
is 403.2 K. Air relative humidity has an insignificant influence on heat transfer performance of the PAS. The
numerical simulation results can provide data reference and support for the PAS design and optimization,
which could be practically meaningful on engineering basis.

Key words: passive containment air cooling system; heat transfer performance; ANSYS Fluent 19.0; wall

temperature; air relative humidity
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Table 3 The detection probability and the delay time of each path element
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A Function Module Design for Water Area and Low-altitude

Area Physical Protection System Quantitative Evaluation
Software based on ASD

Ge Shuai', Meng Sai', Wang Ruinan’

(1. Henan Fifth Research & Design Corporation of CNNC, Zhengzhou 450001, China; 2. CNNC
Lanzhou Uranium Enrichment Co., Ltd., Lanzhou 730000, China)

Abstract: In order to solve the problem that the evaluation of physical protection of nuclear facilities in our

country is short of the evaluation of water area and low-altitude system, a function module design for water

area and low—altitude area physical protection system quantitative evaluation software based on ASD is

proposed. By modifying the area settings in the existing software and adding water area and low altitude path

elements, the external intrusion quantitative evaluation of the water area and low altitude physical protection

system is realized.

Key words: physical protection; external invasion; quantitative evaluation; water area; low altitude area
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Exploration on Promoting the Localization of Key Valves
under Severe Working Conditions of the Third Generation
Nuclear Power Plant

Li Xiang, Cheng Yingguan

(Shanghai municipal nuclear power office, Shanghai 200032, China)

Abstract: In the process of the construction of the third generation nuclear power plant, the high—end conirol
valves under severe conditions are rely to import at present, In order to ensure the project smooth construction,
and reduce the cost of construction and maintenance, Shanghai Municipal Nuclear Power Office visited a
large number of manufacturing enterprises, universities, research institutes and construction enterprises to
investigate the development of the valve indusiry, analyze the gap between the existing technology and the
international advanced level. According to the market demands and urgency, main research direction and
breakthrough point of technical problems are founded. Based on the nuclear power industry foundation in
Shanghai, respond to the national and local guiding policies, It is proposed to use government support project,
integrate the resources of relevant enterprises, promote complementary advantages, organize and promote the
localization of key valves under severe conditions of the third generation nuclear power plant.

Key words: nuclear power plant; valves; localization; roadmap
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Safety Analysis and Evaluation of Local Wall Thickness
Thinning of Nuclear Class Pressure Vessel Wall

Zhang Jing', Yu Yi', Sun Xingjian', Zhao Lingshou', Li Yang™’

(1. Northern Region Office of Nuclear and Radiation Safety Inspection, MEE, Beijing 100082, China;
2. Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: In present study, the safety of local wall thickness of nuclear pressure vessels which is smaller than
the designed wall thickness was evaluated according to the requirements of ASME code and the safety of the
thin area of the 1 level pressure vessel for nuclear power was summarized and analyzed. Based on the threaded
hole in the sideway of the manhole on the steam generator, the safety of local wall thickness of nuclear pressure
vessels smaller than the designed thickness in a third—generation pressurized water reactor was evaluated. The
results would provide reference for nuclear safety supervision and review.

Key words: nuclear class pressure vessel; local region thinning; safety analysis and evaluation; nuclear

safety supervision and review
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Development and Preliminary Verification of Monte Carlo
Pre—processing Platform

Li Jingwenl’z, Sun Guomin"’, Zhou Wen'?, Chen Weihu'?, Yu Jie"?

(1. Institute of Nuclear Energy Safety Technology, Hefei Institutes of Physical Science, Chinese Academy
of Sciences, Hefei 230031, China; 2. University of Science and Technology of China, Hefei 230026,
China)

Abstract: Nowadays nuclear facilities and equipment are becoming larger, more sophisticated and more
complex, and this trend makes it much more difficult to manually write the traditional Monte Carlo simulation
models. This paper addresses this issue by developing a pre—processing platform for MC simulation using the
open source geometry engine Open CASCADE. The pre—processing platform provides functions such as the
creation and modification of geometry models, the input and assignment of material models and the conversion
of CAD models to MC simulation models in order to optimize the traditional manual modelling process. In this
paper, the overall architecture design of the pre—processing platform, the implementation of functional modules
and the conversion process from boundary representation model to constructive solid geometry are described,
and the MC simulation model generation is verified for CAD models of different complexity. The preliminary
validation results show that the pre—processing platform can automatically output the MC simulation model,
avoiding the need to write the model text manually and facilitating the MC simulation pre—processing process.

Key words: Monte Carlo; Open CASCADE; BREP; CSG
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Application of Failure Analysis Method in Reliability
Engineering of a Nuclear Power System

Liu Yanfang , Li Nan, Wang Dong, Ye Baocun
(China Nuclear Control System Engineering Co., Ltd., Beijing 102401, China)

Abstract: The development history of reliability engineering is summarized, the failure analysis method
is described, the failure analysis process is established, and the key role of failure analysis in reliability
engineering is given. The mechanism of induced ceramic capacitor failure was studied, and the mechanisms of
mechanical stress failure, thermal stress failure and raw material failure induced ceramic capacitor failure were
defined. Taking the failure of the digital input board during the on—site debugging of a nuclear power system
as the starting point, a detailed analysis is carried out through visual inspection, electrical performance test
and crystal phase slice analysis. The results show that the thermal stress failure of the board is the failure of
the board. main mechanism. Starting from the failure mechanism of the thermal stress of the board, the circuit
analysis and calculation were carried out, and the fault factors that induced the thermal stress of the board were
found out, the circuit design was adjusted, and the reliability of the board was predicted. The expected results
meet the design life requirements. Failure analysis methods improve the design level of designers and increase
system reliability.

Key words: reliability engineering; failure mechanism; failure mode; reliability prediction; failure analysis
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Simple Exploration on Risk Management in Procurement
of Nuclear Island Main Equipments

Chen Quan, Zhang Xin, Gao Hang, Liu Weijun

(Huaneng Hainan Changjiang Nuclear Power Co., Ltd., Changjiang 572732, China)

Abstract: Items procurement shall be focused on nuclear island main equipments, which delivery schedule
and quality assurance were crucial during the nulear power station construction. This paper introduced the risk
identification and assessment about procurement scope, schedule control, quality control and communication
process, and the countermeasures of risk prevention and control were be provided. It explored the application
of risk management for nuclear island main equipments, in order to provide reference for enhancing the level
of the procurement management.

Key words: risk management; nuclear island main equipments; procurement; quality control; risk prevention

and control
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