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Fig. 1 Radioactive waste management path of Qinshan first—stage nuclear power plant
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Fig.2 Waste management roadmap of Daya Bay nuclear power plant
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Research on Radioactive Waste Management
Path of Nuclear Power Plant

Xiong Xiao, Zhang Gen, Ren Lili, Kong Xiangjin, Zhao Mu, Yao Zhenyu
(CNNC environmental engineering design & Research Co., Ltd., Beijing 100089, China)

Abstract : Radioactive waste is inevitable in the process of operation and maintenance of nuclear power plants.
Radioactive waste management is highly valued by national regulatory authorities and nuclear power plants. In
this paper, we introduce and analyze the waste management path from three representative nuclear power
plants. Combined with the actual needs of supervision department, a set of waste management path is
designed, and the corresponding key regulatory items are proposed, which can be used as a reference for the
improvement of the management path of nuclear power plants and the implementation of supervision
department.

Key words : radioactive waste ; management path ; regulation ; nuclear power plant
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Classification Statistics and Analysis of Safety

Modifications in Nuclear Power Plants

Che Shuwei,Zeng Zheng, Lv Yunhe, Fang Yonggang, Chu Qibao, Liu Shixian*
(Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: This paper analyzes the present situation of the supervision of the significant safety modifications of

nuclear power plant (NPP) in China, introduces the relevant regulations of China and the regulatory situation

of some major nuclear power countries in the world. then puts forward the classification and statistical methods.

The methods are used for analyzing the significant safety modifications of NPP in China between 2011 and

2016, and can be used to strengthen nuclear safety supervision and improve the level of safe operation of NPP.

Key words: Safety modification ; Classification statistics ; Nuclear safety regulation
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Table 1 The basic requirements of the background radiation survey and the routine

radiation monitoring for nuclear power plant
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of environmental media for analysis in

background radiation survey

HI 61—2021 2% HJ 969—2018 [FJE K, H iR 455 #3h 11
1 SRR S5 S T HE B A T AR L 1

NB/T 20246— Hfﬁtyiﬁlsﬁ T S R B AR R PR AR K

2013 I CH MO L BRI TR O R A (3R
7J<\ﬂﬁT7J<\tkﬂ§7Jw§7J<>\ii%%&maE%(Kﬂ%

IR A
NB/T 20139— BTy 5 45F « 2200 5 L B o) 0] 52 F0 R AR 0 45 36

2012 BN AR CRVBE R DR K CHLCL D WK
HK ﬂﬁ?yk\’a’x)ﬂyk\%yk)ﬁ?)i\ﬂ;wmii
IR A K TR A

HJ 969—2018 I35 5T 54 S CRLFE 71 o 2R s W 00 328 88 IS 00
BRGRE) I SR CEREIR TR %
IKGHMC D AR AR B A2 )
KA R K B TR 7K bR K R K TR
W IKEAD SEDKAR ORI KA




Vol.20, No.4, Aug. 2021

XF23 KA, B A s AR A L0 A e DT R
JR VA K S H FEC R W5 5 NB/T 20246—2013 Fl1 HJ
969—2018 MK F /K VE Ry 22 KA i o

XA WIRE i, 25 B HEAR 2R T Je fili 2 A= ) Al
JK A=A A W, HI 969—2018 [X. 51 32 4l K AR A
Wy FNAESZ G AR A By A 7 W Qo H AR
HJ 969—2018 421 T4 (£ WhlE I iy 2K

XFPREE K B W, &R E A 5 T A

#EE%. RAAB G HHARAE G4 LEEZ KoM

IR AR E . A% R 10, 3 e 3w Tt
T A, DOB) AL 48 12 1 TORRA RIS , )
Vi T TR R 156 ) Ay ) ) A RS 8 (OFR )
A7) o HI 969—2018 ¥ UL [X 43 32 44 7K A&
FHESZ AR A H W sk, ok 2 — 3K
(o HE T IR BT BHAR S 2K F |, HI 969—
2018 FYAR S ERARXT & FE , HAf LR R % &
IR R 32 KRR 1

MEKAE . A PR R IR

JRE RS A TR A AN AR T, JHG A0 5 SR T4 53

)Y A A 2.4 MZE=mImE

AT R M DA% 2R T F BRI L 3R 6.

F6 HRINTUMZRIN B RIREZERIT

Table 6 A comparison of standards requirements for analyzing contents for different environmental media in

background radiation survey of nuclear power plant
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Table 8 A comparison of standards requirements of monitoring frequencies for different survey contents
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A Comprehensive Analysis of the Standards

Requirements of Radiation Background Survey

for Nuclear Power Plant

Huang Yanjun'"", Huang Donghui’, Shangguan Zhihong', Sha Xiangdong', Chen Chaofeng'
(1. Suzhou Nuclear Power Research Institute, Co., Ltd., Suzhou 215004, China; 2. Nuclear and Radiation
Safety Center, Ministry of Ecology and Environment, Beijing 100082, China)

Abstract: In this paper, the standards requirements of radiation background survey for nuclear power plant
such as GB 6249-2011, HJ 61-2021, NB/T 2019-2012, NB/T 20246—-2013, et al., were reviewed, and the
technical differences for these standards, including the survey distance, site layout requirements, survey con-
tent and frequency, etc., as well as the realistic requirements for the survey work, were summarized. The sugges-
tions of improvement and harmonized for the regulatory requirements were presented to provide an effective
guidance for the survey work and the environmental radiation assessment for nuclear power plant.

Key words: nuclear power plant ; radiation background survey ; standards requirements
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Analysis of Legal Responsibility for Frequent
Counterfeit and Fraudulent Behaviors in the Process
of Nuclear Power Plant Construction

Yang Lili, Zheng Jieying, Yang Yanfei, Fan Yun
(Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: Several frequent counterfeit and fraudulent behaviors in the process of nuclear power plant construc-
tion were described. The legal responsibility of each type of behavior was analyzed. Based on the concepts of
rule of law, suggestions on preventing and combating counterfeit and fraudulent behaviors were propounded.

Key Words: nuclear power plant construction; counterfeit and fraudulent behaviors; legal responsibility
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Optimization of Instrument Performance of Radiation
Monitoring System in a Nuclear Power Plant

San Zhenlei
(China Nuclear Industry Maintenance, Lianyungang 222002, China)

Abstract: Radiation monitoring system, as an indispensable hardware part of radiation safety supervision in nu-
clear power plants, plays an important role in every power station. False alarm signals are easy to occur in the
early stage of operation of the instrument. Because the measurement alarm signals of the instrument participate
in the interlocking of relevant process systems, the false alarm signals will affect the reliable operation of the
normal process system. High—level inert gas monitor based on a plant, such as liquid activity monitor instru-
ment as an example, the analysis of the possible causes of false alarm signals and field verification, by adjust-
ing the alarm threshold, measuring chamber backwash, improve the ray spectrometer methods of monitoring
performance, solve the problem of false alarm caused by instrument measurement, significantly improve the effi-
ciency of the online monitoring, It also effectively improves the availability of equipment and systems, while re-
ducing the risk of personnel contamination from maintenance work and additional man—hours.

Key words: radiation monitoring system; radioactive monitoring; detector; performance optimization
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Risk Acceptance Criteria of Risk—informed Regulation
Study in Passive Nuclear Power Plant

He Jiandong', Du Dongxiao', Xiong Wenbin®, Chen Yan®
(1.Shanghai Nuclear Engineering Research and Design Institute Co., Ltd., Shanghai 200233, China; 2.Nuclear

and Radiation Safety Center, Ministry of Environmental Protection, Beijing 100082, China)

Abstract: The acceptance criteria of risk—informed regulation at present could not apply to the passive nuclear
power plant for the low risk level. The risk acceptance criteria applied existing are assessed in this paper, and
then the possible scheme of the acceptance criteria for passive nuclear power plant and the adequacy of the ex-
isting acceptance criteria are described. The matter of LRF in the acceptance criteria of passive nuclear power
plant is researched, and the suggested scheme of the acceptance criteria in the risk—informed regulation of pas-
sive nuclear power plant.
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Preliminary Study on Seismic Fortification
Category and Safety Analysis of Maritime
Structures of Nuclear Power Plants

Sun Feng, Pan Rong, Sun Zaozhan, Zhou Qun, Xin Guochen”
(Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: The classification of marine engineering structures of nuclear power plants is mainly considered
from the flood control safety and water intake safety. Based on the domestic and international regulations, seis-
mic design ideas and analysis methods of nuclear power plant seismic classification, and domestic engineering
practices, it is recommended that for water intake open channel breakwaters containing essential service water
and flood control functions, it shall be defined as safety—related geotechnical structures and verified under the
ultimate safety ground motion. Considering the development trend of item classification in nuclear power plants
and the requirements of nuclear safety regulations for the protection of natural disasters beyond the design ba-
sis, the stability analysis of maritime structures shall consider the design basis ground motion through appropri-
ate analysis methods. Different water intake and drainage technologies and different types of nuclear power
plants have an impact on the seismic fortification standards of maritime structures. Specific problems should be
analyzed during design, and the competitiveness of nuclear power should be improved by balancing structural
safety and investment economy.

Key words: maritime structures; seismic fortification category for structures; essential service water system; be-

yond design—basis ground motion; safety—related geotechnical structure
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Fig. 2 Technical schematic of tip diffraction method
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Comparison and Analysis of Determination Criteria
for Ultrasonic Testing Indication Types of Nuclear
Power Plant Equipment

Wang Chen', Liu Chang', Wang Weijie', Gao Chen’, Ma Ruoqun®"
(1. China Productivity Center for Machinery, Beijing 100044, China; 2. Nuclear and Radiation Safety Center,
MEE, Beijing 100082, China; )

Abstract: Ultrasonic testing is an important nondestructive testing method in nuclear power plant equipment
manufacturing, construction and installation as well as in service inspection activities. The nature determina-
tion of ultrasonic indication is closely related to defect acceptance. By comparing and analyzing the applicable
various standards of nuclear power plants design, construction and in—service inspection, the relevant industri-
al practices were investigated, and the applicable judgment criteria for ultrasonic indication types were select-
ed, and the accuracy of the judgment criteria was verified through experiments.

Key words: ultrasonic testing; nature determination; contrastive analysis; test verification
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based on lithium isotope detection
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Preliminary Study on Nuclear Material Accounting
System of Fusion Reactor

Mei Huaping, Wei Shiping, He Meisheng’
(Institute of Nuclear Energy Safety Technology, Chinese Academy of Science , Hefei 230031, China)

Abstract: Deuterium (D)-Tritium (T) fusion is a key object of fusion research and it is most likely to be the
first to achieve application of fusion reactions. D=T fusion reactor consumes a large amount of tritium. Tritium
is rare in nature. The tritium self-sufficiency depends on °Li proliferation in the blanket. In China, both tritium
and concentrated °Li are nuclear materials. In order to meet the requirements of Nuclear Material Control Regu-
lation issued by the State Council. To build a nuclear material accounting system is obligatory to use or product
nuclear material. For this purpose, this paper shows a brief summary about characteristics of material flow of
tritium with a classic fusion reactor. A preliminary scheme of the nuclear material accounting system is shown.
It includes the division of the balance area of tritium, the setting of key measurement points and the selection
of measurement methods. A method for measuring tritium based on lithium isotope mass spectrometry is also
suggested to solve this problem.

Keywords: fusion reactor; nuclear material accounting system; tritium; analytical technique
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Study of the Definition of Human—Factor Event and
Classification of Causal Factors in Nuclear Power Plants

Li Hongbo, Hu Pan
(Research Institute Of Nuclear Power Operation, Wuhan 430223, China)

Abstract: In order to establish a clear definition and causal factors classification of human—factor event, and
unify the understanding, judgment and analysis of human—factor event in nuclear industry, this paper formu-
lates the definition and judgment methods of human—factor event, and develops the classification of human er-
ror causal factors based on the investigation of the definition and classification of human—factor event at home
and abroad. The results show that the developed definition and judgment method of human—factor event can
better identify the missing human factors in the current practice, and the classification results of causal factors
can better reflect the common problems. Therefore, the definition, judgment and causal factor classification of
human factors events determined in this study can be used for the judgment and classification analysis of hu-
man—factor event in nuclear power plants, and promote the improvement of human performance.

Key words: nuclear power plant ; human—factor Event; definition; causal Factor;classification
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The Study of Human Performance Monitoring Program
Application in Nuclear Power Plant

Song Huibin
(Sanmen Nuclear Power Company , Sanmen 317112, China)

Abstract: The safe and efficient operation of nuclear power plants is based on good design and construction,
clear and accurate procedures and well-trained operators. Prior to loading, the design of the integrated system
has been verified by the human factors engineering integrated system validation to support the safe and stable
operation of the reactor after loading. After loading, the proof of the safe and stable operation of the reactor is
provided through the personnel performance monitoring program. Based on the practice of unit construction
and review, this paper summarizes the action elements of performance improvement as core business, and the
component elements and main components of human performance monitoring program. It can be used for refer-
ence for the human performance monitoring program for the constructors of new nuclear power projects, and the
method of performance improvement is also applicable to all industrial operations.

Key words: human factor engineering; human performance; correct action program; performance indicators;

human performance tools
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The Integrated Consideration for the Development
of Specialized Equipment About Decommissioning
of Older Nuclear Facilities

Zhao Mu, Fan Zhong, Shi Boxuan, Zhang Lei, Yao Zhenyu
(CNNC Environmental Protection Engineering CO., LTD., Beijing 100083, China)

Abstract: Older nuclear facilities have been shut down for many years, and decommissioning is very complicat-
ed and difficult. The research and development of specialized equipment is the basis of removing hidden dan-
gers and safely decommissioning. This paper analyzes the important role and functional requirements of special -
ized remote control equipment in decommissioning process of nuclear facilities. In accordance with the charac-
teristics and methods of decommissioning about older nuclear reactors, spent fuel reprocessing plants and radio-
active decontamination equipment, it puts forward the main application requirements of special mechanical de-
vices. Through the analysis, it is not only the need of development strategy, but also has very important practi-
cal significance to guide the research and accelerate the application.

Key words: nuclear facilities ; decommissioning ; mechanical device
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Abstract: Based on analyses the description of processes connections, current investigation and probabilistic

model calculation in the process of monitoring the local exhaust system gaseous effluents of the nuclear fuel cy-

cle facilities. Then analysis of the management weakness's problems, lack of nuclear security culture and slack-

ness for the operating organization implements the overall responsibility of nuclear safety, and puts forward

some thoughts on how to strengthen risk prevention and manage hidden dangers.
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Table 4 Aging management operations of HFETR RPV
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Research and Practice of Aging Management for
High Flux Engineering Test Reactor

Deng Yunli’, Han Liangwen, Li Ziyan, Cai Wenchao, Liu Peng, Zhao Peng, Gao Yedong, Lai Lisi
(Nuclear Power Institute of China, Chengdu 610213, China)

Abstract: High Flux Engineering Test Reactor(HFETR) was built in the 1970s. the systematic aging manage-
ment research was just started according to the requirements of the National Nuclear Safety Administration
(NNSA) for periodic safety review after reaching 20 years design life period. Aging management methods of
HFETR has been completed for years of research work, which contains defining the organization and responsi-
bilities, completes aging management classification and aging mechanism analysis, compiles the effective ag-
ing management program and aging management program of aging management object, and ensures the effec-
tive development of aging management activities. For example, the Reactor Pressure Vessel (RPV) of HFETR
has carried out including supervision and inspection according to aging management program and RPV aging
management procedure. For taking effectively mitigation measures to reduce the radiation damage of RPV , the
safety of RPV has been ensured in the life extension period. After more than ten years of aging management
practice, HFETR still maintains a sufficient safety level, and its service life has been successfully extended to
more than 40 years, which shows that the aging management method of HFETR is effective.

Key words: Research Reactor; Ageing Management; Reactor Safety ; Pressure Vessel
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Dynamic Fault Tree Technology and its Application
Prospects in Probabilistic Safety Assessment of
Complex Nuclear Energy Systems

Wang Shaoxuan'?, Guo Dingqing’*, Li Xueli'?, Lin Zhixian'?, Ge Daochuan"", Wang Jianye'

(1. Key Laboratory of Neutronics and Radiation Safety, Institute of Nuclear Energy Safety Technology, HIPS,
Chinese Academy of Sciences, Hefei 230031, China;2. University of Science and Technology of China,
Hefei 230026, Chinaj;3. School of Nuclear Science and Engineering, Shanghai Jiaotong University, Shanghai
200240, China; 4. China General Nuclear Power Engineering Design Co., Ltd., Shenzhen 518000, China)

Abstract: Using dynamic fault trees (DFTs) to make up for the deficiency of traditional fault tree to model the
time series failure behavior of the system, and to improve and perfect the reliability and probabilistic risk anal-
ysis (PSA) method of the existing nuclear power plant system, has become a trend of the probabilistic safety
research of nuclear power plants. During the past 30 years, the modeling theory and analyzing techniques of
DFTs have become more and more mature , three main analysis methods are formed: Monte Carlo (MC) numeri-
cal simulation, Markov chain model and combination method. This article explained DFTs analysis methods,
their applications in the reliability evaluation of nuclear energy systems, and the future development trend.
This paper focused on analyzing the characteristics of the DFTs analysis methods, and put forward the sequen-
tial failure behaviors and characteristics of nuclear power plants, as well as the future development direction of
DFTs in nuclear energy systems. This article was expected to provide theoretical basis and practical guidances
for the application of DFTs methods in nuclear energy systems reliability and probabilistic risk analysis.

Key words: Dynamic fault tree, Nuclear systems reliability, Monte Carlo numerical simulation, Markov

chain model, Combinatorial method
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Theoretical and Simulation Experiment Research
on the Formation Mechanism of Gas Accumulation
Under the Standby State of Seawater Pump in Winter

Li Wenjiao
(Liaoning Hongyanhe nuclear power plant, Co., Ltd., Dalian 116319, China)

Abstract: The sea water pump (SEC pump) of an important seawater system in a North nuclear power plant
failed to start up due to gas accumulation in winter. In view of this phenomenon, the theoretical research on the
gas evolution characteristics of low—temperature seawater heated by the environment under static conditions is
carried out; a simulation experimental system is established to study the formation process of gas accumulation
in the pump chamber of SEC pump, the evolution characteristics of gas accumulation in pump chamber under
sea tide fluctuation, and the characteristics of gas—liquid two—phase flow under different exhaust pipe inclina-
tion angles; on this basis, the causes of gas accumulation in pump cavity caused by field conditions and exhaust
system defects are analyzed. The results show that the environmental temperature and the initial temperature of
seawater have great influence on the total dissolved oxygen release rate and total oxygen release rate, while the
salinity has little effect on the total dissolved oxygen release rate; the formation process of gas accumulation in
the pump chamber of SEC pump has obvious stage characteristics; under the layout of the important plant seawa-
ter system of a nuclear power plant, the storage capacity of seawater in SEC pump , the standby period of SEC
pump in winter and operating environment are conducive to the large amount of dissolved gas in seawater during
the standby period of SEC pump in winter; the fluctuation of sea tide is conducive to the discharge of accumulat-
ed gas; the inclination angle of exhaust pipe has a significant impact on the gas—liquid two—phase flow character-
istics, and the design defects of the exhaust system lead to the accumulation of seawater precipitated gas in the
pump cavity area and form considerable gas volume Cavity. Based on the above research conclusions, the ex-
haust system retrofit scheme was put forward and applied to four units, which successfully solved the risk of loss
of heat sink of nuclear island due to failure to start sec pump accumulated gas during winter standby.

Keywords: essential service water system; seawater with lower temperature; gaseous release; gaseous accumu-

lation; two phase flow
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