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Discussion on the Total Management of
Quality Anomalies During the Construction of
Nuclear Power Plants

Tang Rihui
(Guangxi Fangchenggang Nuclear Power Co.,Ltd., Fangchenggang 538001, China)

Abstract: There are non—conforming items, service, process or potential non—conformance during the construc-
tion of nuclear power plants. In this paper, they are collectively referred to as quality exceptions. The effective-
ness of quality anomaly management is critical to the ultimate quality of nuclear power plants. This paper ana-
lyzes the problems existing in the management of quality anomalies during the construction of nuclear power
plants, and puts forward suggestions for the comprehensive and systematic management of quality anomalies,
which can be discussed and implemented by the national nuclear safety regulatory authorities, operators and
participants.

Key words: quality anomalies; total management; nuclear power plant
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Research on the Construction of Government
Information Service System of Radiation Environment

Cheng Fang'’, Dou Yifang®?, Wang Yuchao'
(1. Zibo Environmental Pollution Prevention and Control Center, Zibo 255030, China;
2. Shandong Nuclear and Radiation Safety Monitoring Center, Ji'nan 250117, China)

Abstract: With the deepening of the government's "one—stop" service concept and the continuous improve-
ment of radiation law system and regulatory system, the establishment of a new type of government information
service system concentrating on the public demand is a positive response to the multiple identities of govern-
ment as a manager, a demonstrator, a guider and a service provider. This paper discusses the development
trend of the government information service system and the status quo and existing problems of the radiation en-
vironment government information service system, and puts forward the design and implementation scheme of
the new radiation environment government information service system. The construction of the new radiation en-
vironment government information service system will effectively promote the information communication be-
tween the government and the public and the utilization of information by enterprises. At the same time, it will
provide a good social ecology for the radiation safety management and contribute to the continuous and effec-
tive development of radiation safety supervision.

Key words: radiation environment; government information service; nuclear technology utilization; electromag-

netic environment
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Current Situation of Safety Supervision on
Decommissioning of Nuclear Power Plants in China

Teng Lei'*, Wang Shuai'?, Peng Jing'
(1. Nuclear Power Institute of China, Chengdu 610213, China; 2. Sichuan Engineering Laboratory for

Nuclear Facilities Decommissioning and Radwaste Management, Chengdu 610213, China)

Abstrat: China has successfully implemented the decommissioning of 221 plants, micro reactor, small PWR
and its auxiliary facilities, and some of the research reactors built in the early stage have also been decommis-
sioned. With the rapid development of nuclear technology, China may face more and more decommissioning ac-
tivities of nuclear facilities, such as Qinshan Nuclear Power Plant and Daya Bay Nuclear Power Plant. In our
current regulatory system of nuclear safety, most of the documents are formulated by referring to the relevant
documents of the International Atomic Energy Agency and the U.S. Nuclear Regulatory Commission in combi-
nation with domestic practice. This paper mainly investigates the laws and regulations of China's nuclear safety
supervision, the main responsibilities of nuclear safety supervision and the main ways of supervision. On this
basis, the relevant laws and regulations on the decommissioning safety supervision of nuclear power plants in
China are sorted out. It is clear that the institutions of decommissioning safety supervision of nuclear power
plants in China mainly include the national nuclear safety administration, the competent departments of nucle-
ar power plants and the operating units of nuclear power plants. The main responsibilities of each department
are given, and the main methods applicable to the decommissioning safety supervision of nuclear power plants
in China are proposed. The conclusion of this paper belongs to the pre research content of nuclear power plant
decommissioning, which can provide reference and basis for the establishment of safety supervision system of
nuclear power plant decommissioning in China.

Key words: nuclear power plant; decommissioning; nuclear safety; supervision
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Design and Implementation of Radiation Safety Interlock
System of Electron Irradiation Experimental Facility

Cai Jun’, Xu Jie, Huang Wenbo, Wang Jiahua, Li Changyuan
(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract: The electronic irradiation experimental facility is mainly used for @ irradiation experimental re-
search of reactor equipment and cable materials. In order to avoid radiation hazards caused by people straking
into the highly radioactive area during the operation of the experimental apparatus, it is necessary to establish
the stable and reliable radiation safety interlock system for personnel radiation safety. This paper introduces
the design principles, system construction and interlock control of radiation safety interlock system in electron
irradiation experimental facility. The system takes the redundant programmable logic controller (PLC) technolo-
gy as the core, and realizes the control of interlock equipment through the design of control flow, logic program
and monitoring software, ensuring the radiation safety of personnel.

Key words: PLC controller; radiation safety interlock system; redundancy; experiment facility
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Analysis of Potential Pollution Factors in
Urban Radioactive Waste Storage in China and
the Countermeasures

Chen Deyu'’, Tang Zeping', Gong Jie’
(1. Guangdong Environmental Radiation Monitoring Center, Guangzhou 510300, China;
2. CNNC Everclean Co.,Ltd., Beijing 100037, China)

Abstract: Urban radioactive waste storehouse is a radioactive workplace, in which the storage of waste radioac-
tive sources and radioactive waste has the characteristics of large quantity, many types of nuclides, old packag-
ing and so on, easy to produce radioactive pollution. In this paper, we analyzed the key links that may lead to ra-
dioactive pollution in the urban radioactive waste repository, found out the causes, put forward corresponding
countermeasures, and provided guidance for the pollution prevention and control of the urban radioactive waste
repository. The risk of radioactive pollution in China's urban radioactive waste inventory should be prevented
and controlled accordingly.

Key words: urban radioactive waste repository; radioactive pollution; waste radioactive source; radioactive waste
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Study on Key Nuclides of Effluent Monitoring in
Pressurized Water Reactor Nuclear Power Plant

Huang Yanjun', Sha Xiangdong', Zhu Zhaowen™', ShangGuan Zhihong',
Jiang Jing®, Zhang Bing', Zeng Fan', Cao Zhonggang’, Zuo Weiwei'
(1. Suzhou Nuclear Power Research Institute, Suzhou 215004, China; 2. Nuclear and Radiation Safety
Center, MEE, Beijing 100082, China; 3. Radiation Monitoring Technical Center of Ministry of Ecology
and Environment, Hangzhou, 310012, China)

Abstract: Effluent monitoring is one of the most important working contents for the environmental management
of the nuclear power plant. Through the effluent monitoring, one can obtain the release amounts of the radioac-
tivity from the nuclear power plant, assess the potential radiation effect on the environment and the public
health and identify if the operator abides the administrative regulation. This paper is focused on the collection
of the statistical analysis of effluent data from both USA and European PWR nuclear plant with about 2 400 re-
actor—year, from 2005 to 2017 and 1995 to 2017 respectively. This paper summarizes the key nuclides of efflu-
ent monitoring of PWR nuclear power plant through statistical study of the data, and puts forward some sugges-
tions on the statistical method of effluent discharge data, which provides reference for promoting the standard-
ization of effluent monitoring of nuclear power plant in China.

Key words: effluent monitoring; PWR nuclear power plant; America and Europe; released amounts
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Issues on Placement Principle and Site Survey of
Hydrogen Control System in Nuclear Power Plant

Ding Chao', Xu Peng’, Qiu Suchen’, Li Yang', Song Minggiang"
(1. Nuclear and Radiation Safety Center, MEE, Beijing 100082, China;
2. Eastern Office of the National Nuclear Safety Administration, MEE, Shanghai 200233, China;
3. Fujian Fuqing Nuclear Power Corporation, Fuqing 350318, China)

Abstract: In order to meet safety goal of "practical elimination", "eliminating the possibility of working condi-

tions at nuclear power plants that cause early or large releases of radioactivity" by designing, which was put for-
ward in China's nuclear safety regulation, a set of detailed placement principle of hydrogen control system is
needed for China's advanced nuclear power plant (NPP). Firstly, the background and significance of placement
principle was analyzed from the aspects of regulation requirement and orientation of safety analysis calculation;
then the layout principles of hydrogen control system in international advanced nuclear power plant design are
investigated; moreover, on the basis of issues raised from site survey in containment building, the paper dis-
cussed the form, content and design requirement of placement principle of passive auto—catalytic recombiner
(PAR) for China's advanced NPP. Combined with nuclear safety inspection and site survey, issues and difficul -
ties was summarized, which needs to be solved in design process of placement principle for hydrogen control
system of China's advanced NPP, and it provides technical reference for design optimization on relevant equip-
ment placement and compartment structure in containment.

Key words: hydrogen control; placement principle; site survey; practical elimination; severe accident
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Study on Risk—Guided Safety Classification and
Its Application
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Abstract: The implementation of risk—guided safety classification and differentiated treatment for nuclear pow-

er plants are important means to ensure the safety and economy of nuclear power plants. This article summariz-

es the development, process analysis and application examples of risk—guided safety classification, and puts

forward application recommendations based on risk—guided safety classification.
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The Role of Experience Feedback in the Construction of
Nuclear Power Plants

Zhao Shicheng', Wang Kaipei', Yang Jingyuan*
(1. China Nuclear Power Engineering Co.,Ltd., Beijing 100840, China;
2. Nuclear and Radiation Safety Center, MEE, Beijiig 100082, China)

Abstract: This article introduces the classification of the experience feedback work in the current stage of nu-
clear power plant construction, analyzes the main existing problems and difficulties, and puts forward the solu-
tions and treatment suggestions. At present, in some units, the experience feedback is only a document, which
does not play a guiding role in the actual work, leading to repeated mistakes and unnecessary losses. This arti-
cle describes several ways to effectively combine experience feedback with actual work, which can form a large
degree of relevance, and promote the organic integration of experience feedback with actual work, forming a
standardized, normalized, and long—term effect.

Key words: experience feedback; correlation; nuclear power plant; the construction process
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Table 3 Calculation results of critical speed for

"dry" RCP rotor
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Study on Critical Speed of Main Pump Rotor in
Nuclear Power Plant

Ma Shuai, Wei Chao’, Jia Bin, Shi Qiang, Huang Zichang
(Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: As the key equipment to drive the coolant circulating in primary loop, the reactor coolant pump
(RCP) and its rotor will vibrate violently due to resonance phenomenon when the RCP operates at critical
speed. As a result, the operation safety of the nuclear power plant (NPP) would be affected adversely. Aiming at
the safety problem of the RCP rotor under critical speed condition, this paper briefly describes the importance
of safe operation of the main pump and relevant studies on the critical speed of the rotor. Combining with the ro-
tor parameters of the main pump in a NPP and considering the fluid-solid coupling effect, the finite element
model of the rotor of the main pump is constructed by ABAQUS software. Through the modal calculation, the
critical speeds of dry and wet rotor of the main pump are compared and analyzed in this paper. The results
show that, the critical speed of RCP rotor under coolant immersion condition is lower than that of the dry state.
However, it can still satisfy the requirements of operation safety. The design of RCP rotor shows high reliability
and safety margin.

Key words: main pump rotor; modal analysis; fluid structure coupling; critical speed
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Table 4 Analysis of experiment conditions of

critical heat flux
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Fig. 1 Distribution of aspect ratio and Reynolds number

for flow and pressure drop tests
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Analysis of Reactor Core Thermal Hydraulic Verification
Capabilities for Floating Small Modular Reactor

Liu Yusheng', Wu Peng', Liu Xirui*", Ma Shuai', Wang Kunpeng', Xu Chao', Li Yang'
(1. Nuclear and Radiation Safety Center, MEE, Beijing 100082, China;
2. National Nuclear Safety Administration, Beijing 100035, China)

Abstract: To meet the verification demand of thermal hydraulic analysis for floating small modular reactor
(FSMR), the verification capabilities of core thermal hydraulic for FSMR under ocean condition are investigat-
ed in this paper. By summarizing research contents and carding parameter ranges of four kinds thermal hydrau-
lic tests, namely flow and pressure drop tests, heat transfer and void fraction tests, cross—flow and turbulent
mixing tests, critical heat flux tests, the significances of these existing experimental investigations in core ther-
mal hydraulic verification process of FSMR are analyzed. The results show that the flow and heat transfer tests
under ocean condition are applicable for flow and heat transfer phenomena verification in case of natural circu-
lation, however the tests are still insufficient in case of power operation. There are little tests for cross—flow and
turbulent mixing phenomena verification. Meanwhile, in the field of critical heat flux phenomena verification,
existing tests are mainly accomplished with simple flow channel. The suggestion that further study should be fo-
cused on flow characteristic in complex structure channel, three dimension effect, grid effect, heat flux distribu-
tion is proposed.

Key words: thermal hydraulic; test verification; floating small reactor; critical heat flux; sub channel
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Table 1 Material and material characteristics of main parts
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Fig. 2 Finite element model
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Table 3 First 6 natural frequency table
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Fig. 3 First 6 vibration modes
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Table 4 Stress assessment results of each path of filter
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Research on Seismic Calculation Method of Nuclear Filters

Chen Yiwei', Zhang Zhengchun’, Zhang Qiangsheng', Shi Hong', Shen Wei', Wang Yan"
(1. Nuclear and Radiation Safety Center, MEE, Beijing 100082, China;
2. Shanghai IVCO Valve Co.,Ltd., Shanghai 201799, China)

Abstract: Based on the ANSYS Workbench 14.5 software, the seismic performance and natural frequency of a
nuclear safety grade filter is analyzed, and the stress analysis under the SSE seismic load is carried out. Accord-
ing to the ASME stress evaluation code, the stress and strain at the dangerous point of the filter are evaluated.
The results show that the stress distribution does not exceed the limit value of the stress that the filter can bear,
that is to say, the designed filter conforms to the design specifications and can meet the requirements of work-
ing conditions. The results of this paper can provide a reference for the seismic analysis and further structural
optimization design of this kind of nuclear safety filter.

Key words: filter; stress calculation; seismic load; stress limit
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under severe accident
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Calculation and Analysis of Severe Accident
Environmental Conditions in
CPR1000 Nuclear Power Plant

Liu Chunrong', Chen Xinzheng', He Dongyu', Jiang Pinting', Chen Peng', Ding Chao®
(1. China General Nuclear Research Institute Co.,Ltd., Shenzhen 518026, China;
2. Nuclear and Radiation Safty Center, MEE, Beijing 100082, China)

Abstract: Serious accident environmental condition is an important design input for equipment evaluation and
equipment availability evaluation. In this paper, the environmental conditions of severe accidents in CPR 1000
nuclear power plant are calculated and analyzed, the typical sequence of severe accidents and the treatment of
calculation models are carried out, and the thermal hydraulic environmental conditions under severe accident
conditions in the containment are finally determined. At the same time, this paper refines the model in the con-
tainment according to the specific location of the equipment and instruments, and then obtains the analysis
method of specific environmental conditions of the specific compartment where the equipment is located.

Key words: CPR1000; serious accident; equipment availability demonstration

(FTAEL 4T TR

74



F19BE s A
2020410 H NUCLEAR SAFETY

BT, 2 A ki AR T AR R T SR [) ] A% 4, 2020, 19(5) : 75-79.
Qiao Ning, Liu Jingbin.Reliability Calculation of Digital Protection System in Nuclear Power Plant by Fault Tree Method [J]. Nuclear Safety,2020,19(5) :

75-79.

BER T EITERZE HF U RIFRE RS

I 7T, AR

(&S it P, X

100082)

WE. KXo TEEANEZR ) 9 FHR IR 2%, ATHEM it iT#E
BT, VAR R He 3 AN HE T B K AOH TR F A AT, B R IREATHE, A
J RISK-SPECTRUM 4k 4 2} 3% # [EAF B 4T 2 09 - A7 Fo it S0, M ff B4R 2 453
fekat (FE3h) wIMEE, P8 T 2Tk, AR BT ML A %ny kit feid 47

R AE 2 A SIS T

KGR REERYP RL; RN, TN

RESES: TM623

BEE B AR R, BE s R 5
(DCS) B Z W HTFEMNIMEHR) . BT8R
J 7 A AT B R N HE AR R G AT & 2 )
g, b, U RG M b e B o s T
MO 2 RN . it ZAEMETT, ENEE
HLT BB T — MBI R G s 14
o ASCHEFREARS (FTA) wlEEMMrE:, 1K
PRI R G5 5 TR R ST DL e e Ak
(B R G 5)) MR RRRT, R
SE [ 14 AL B SRR A R i A R S ST 1R R AR
AT E R, MARY RS B 2 HETREm
AL o MO 3 X L 11 Fre /NN, O A% L s (U EE R
G R R R R 5

1 BEREEE

1.1 SHfikeE

B R R GU R AR UEAZ L ] 2 4 ) T B
AUy, T By 1k S oE T 00 i R 192
PRAE, sl S M o 22 4 BRAEL P s 18 114
Jr Ao DRI AR G A R RS XA 7 Sk T 00

WA B 2020-07-29 BEBEHE: 2020-09-11

XEREWN: A XEHS: 1672-5360 (2020) 05-0075-05

TANRE S il R AT HE T B SR SRR S (BES)
PRI S R K 2SS (ATWT) o Bl
RO BT DL 2R G0 )2 T AS A B R A 1 =0 R e M
Hir, B2 0058 R G4 )2 05 A
JR, RS S SIS kAR (8
JRRALE ), WA T & AR — R R AR
Jik, ZOTEAREE A R R R RSEAR
B RAMES. AR SCURY R G 8 T
PF, SRR A BT AR PEAR LR 3 R R 1Y
FHSIER .

P 1 — Rl MR i BB S BT I AR . TS
I AR DR 2R G0 0 A8 S ) R ff 2 4 BT
RIG, RIS RGN, S HAR &
WAL TR, SR RENE S RE .,
MRYEAE ST, DL IR A e Ase = fn b B AL
i, AT AR ST, R R B TR
oAb S g AR PR A TS, R A AR B R
GRSRIMER, DA T IR S B BE 3HT
1.2 RIPRGEMEEN

PRy R G0 EZ RS AE 5 T o0 T ST

FEEEA: v (1988—), 5, dbat A, RN, Wil (GRS4Em, MANEZR (U RGEHIT T

wEHIEE : X, E-mail: liujingbin@nsc.com

900 OO



¥ & 45 Vol.19, No.5, Oct. 2020

DOS MZ:JA“ Eil]

FyiHE Ve LR
! il
W e
B I —
bbb
Sl Bty
T NI
SO i

E1 #iEMEESITRER
Fig. 1 Modeling analysis flow chart fault tree

LARYIRE: ik B2 HE AR B3 B2 4 B
WS ARG, ARG F 4 D IR EIE IR,
SNSRI RTPLY VA N T 2 A BTN 2
NINREBBA N, IR S RRER, {5
AOAL AR L R A Al AR

B BRI R A A 2 s, 2
S HE SR T Aan AT B BRAEL I, S i HE
PrAP 2 Gead o 5 P S L 3 1 20 B ks R 3 AN
BAJEENIBTT . B BRI
AR E SRR RGERRE, B8R, 5§
HTE A FURR 7 A S o SR R KB 55

BHER € RER 1ERkas

l

RS

2 Tl =
l J+ i EithF)
ohmss
! +l&?§m<-amﬁﬂ

H
HFES
H
(S HERTEE TRES
L Rl

B2 HFURIPREEHREE

Fig. 2 Structure diagram of digital protection system

(e R (R . P EERSE) h
2~ANTUAHY I A T AT D0 o, AH R AR
LGB E (PRI XN (RS
TR R NGEELE, PENTE2EER
R 55, SRR R T

76

B9 2 25k 0 S LIMOHAL 3 AR AL, B,
FEA B 0 045 31 T 500 e T A E AR X R 1
“JREMINT AES . RJE, RO AL X g
“JRESIN” AE S AT R YRS AL, e
FRAE (138 F 4 ZOR BHE & HAEHE(E 5 4T
TEAEHE WA o
1.3 BEREE

AL A A 0 B AT 55 R T, AR
SCHERER A TR (A R G D RedE ) .

A N7 A PR L TRl e el R,
P THE R PG, MO 2R R R R R TR
A B R A R o AR I A o e A
00 S 44 1) T 4 D DR Sy v ) = 4 38 B4
(817 AETT5) STHEAEE, b
kgl R o, ERE AR ESEIA ST
e NN A A [ N o > € L R R K| 5
TR B T, sURRIEA T 2 EAH I
B, WA LT P S RSEA

PP R G 4 AU IR AL, 44T
% AT 2/4 B B E(ES, WI3 A4
ol 34 LA 3 3 [ A 4 B S U R 40
3l

PR R GE 0 RS i 2 ThRERE (I
B AbELRE A 41, IRAERD R G
PGS IR, W] 40 BT 45 A D) RE AR B 1 i stk
A, WP % E I RS, RIS R AR B 2 (]
IR

I REASEHL iR AN R 2 AU BB R AR B, TV % 1E
M A= A B ASE S, R AR 2R A T2 W LA R
R A AR BEALH o X 0T LA RS AR, an
VLS LT S S BT S R N RS U g A S
FICBEAIL o OF T D s, AR AT DL ST 2R
MENERE, I T A R, BeF LA X
SR A P 5 5 2 S ) A N7 P, PR B ) 2 A
B 5 AR AR A TG 56 o X TS AT A ik
B, Ak HBE e BRI . AR SGE
W2 RN . b EA TR, AaTHE
DU B3 7 o B 19%0~10% , A h
B Y(E 5%, BIVAS AT 45800 i s Ay o e 1)
5%, ULAh, TETRESCERH, X0 [ A
P A, R slGE TR e, AN R K
A R AT R



Vol.19, No.5, Oct. 2020 AREP% UBRFEHIAB QO A FHEP E4TEHR

1.4 HEXH

JE A 2k %k (Common Cause Failure, faj X
CCF) RIRTE—D ARG th T AL A R AL
P 5 2 P A B A DA SR R A A s, LA
RBRTURFRGRAT) FZMRE, TR
FARERYE, XHPAT[R]— D RE Y [F] S A E A A T
VERHARRL, PR ReM R, ik 3k
[ESE: IS

B S  E A N ES WA & TR
2, FRE H AR A R R SRS 1T
i, ik = XECFAE RGBS R,
i, JLHZS53% NUREG 5497—2015 "
AT BMMILHSE, WE L, ZbRESITT
1997—2015 4 H 3224 YELFARANF ZR G 1 37 Fifi
BLB R i 116 AL R R, G d& 5538 . = 361
AR BAEGRI S

x1 E£ESH

Table 1 Common cause parameter

BAPSE R ey Beta Gamma Delta
2 3.05%10* — —
3 2.93x107 4.06x10 —
4 2.07x10° 5.28x10™" 3.84x10™

1.5 HHEFTEHE

AT, B A R g I Tl it 58 AL
3k 8 8 Linux . Windows S #ER G, &4
AT R G0 B AR A ARt 2 T
W RGIT KN o B A A TR A
(. MUER YR SO ER , PEAS B0 AT SRR AR R
PRI

SRS AN ESE¥: ¢ L)
SEPEE AT O, Tk SRR TR
BT VP O, AR R
B TR % PR R G ] SE T
i, B AL AR, A EEREITT T A
AR HE XA A 3R 8 ] S B AR S AR R AT R
E L, Bl (s TR &) (HAF
102—2016) ** ZERK W2 B A 2 H ] HE 45
il R GE, A DG R A R AE LR 1B 174
BN, ARGz REeM: . BB AT SE PPN
Jidie

TSR, VU KR L
L &P M ENSMNETT &R, KB
JF 50 B A 3 e A R e R A T 2 e, AR I
B4 AN T 15 B AR B ke B 25 4 1 1
L.OX10°, ASCHERSFEIL, ] 1.0x107,

2 WERRETE

2.1 HiEALE

H AT S0 R nl S kit R, X
TR G R 2 R R A I Y
i, ARSCR R SEBris 47 B 0 1F 9 ik
AR, ] DUEE o S WS PR B0 o MR SRR A5
TR By AR, L4 ¥ e o A ) A
i, AR, SERRTAR AR A AR SR Bz
I, N, & 2P T et ab B it
S, W Tas AT T B A FR A, A
PR A

AW R B &zt Z R
W, W TR AN, AT LA % 4
FAHE R GE R F R SRR BENL A Y, R
P ARSI, P, BRI (BN
YRR A T B IR R LB A T [R]

= — A
§ \ X Sl p
m%%ﬁm_*7 SPHIIPS V€

Zﬁw%W@ e Z_
A FEHON

B3 K3t E) th 2

Fig. 3 Failure rat—time curve

X Faa AT JCH B R E (lhn, g
i A SR ), N4 SRR A AR R, i R
EiREE, KRR P SRR,
X FHTE VR, AT n kI SIAES, FK
RIS A PR SR —— R R W, AR %2 n
WAER TR, el () ZeRG 5
PEMHT—FEE Y (GB/T 9225—1999) ' rf18.7.1
WD, AR B R A A X ]

77




R

Vol.19, No.5, Oct. 2020

78

MR E X

_  Ina
n

" In(1-P,)
K, n—EL

P— R
BEAE X . BIRAT n IR 5 A
0, B 100 (1-a) %, KK
WP R L EBER/N TS T P, 5
Hih, IR B R R TS

a

F1-Pos
XA
Py=1-a"
HT AT A ST ZOR A9 BAR BE R n 58 i)
I AR

2.2 WRERER

A S F L A& B9 Risk Spectrum B4
P By i 3 e, kB 5T IRT AN 18T 4 s o
A A% L 02 A T 08 R 342 4 i
Bt

Risk Spectrum >R T He/ NSRS . KA
SE AR PO BE RO B B AR HIAE
[ € AR o 1ok F L S S 1B S e i o F S
SR AR SRR A e/ NEIE R
PERECE AR BB, RITE % /N
hEEALE - DMRFEZE, FTRRFER
BMAREEE, D R/AFIERER ST
AR T i A T — e B 2, T O
B RS 8 B /NEI A IS, BIRT R PR G =504 A i s 3
ARV DSB8, A5 HY e 31 4R 110l i 6
FTR R AR R

4 R fE
Fig. 4 Fault tree diagram

2.3 HE4ER
PR B R IC %, FRRRA 2.1

HR IR T AR B, B AR SC 2.2 5 BT AR
R AR, 5 SRR R 0=2.03%107, ¥ 2
GB/T 4083 & THE SR 1x107 (2R . 1/ 104
H/NEISEINZR 2 PR

F2 E10ER/NEIE

Table 2 Top ten minimum cut sets

TR R
e ORAER RERET 8 % RIS
1 547x10° 27 4 50 A B P e
2 293x10°" 14.4 123 [ Ab HRER L DR s
3 2.93x10° 14.4 134 e Ab H 28 DR e
4 2.93x10" 14.4 124 HE AR FRERIL PR s
5 2.93x10° 14.4 234 [ A PR DR i e
6  7.81x10™ 0.39 123 4% DI [F el i
7 7.81x10™ 0.39 134 {8 DI [ s e i
8  7.81x10™ 0.39 124 % DI R [F el
9  7.81x10™ 0.39 234 s DI [l
19 4.35x10™ 0.21 123 BT 4 ] ol e
3 HiEsth

3.1 HEAMERUIERGAENEERS

W27, B A8 Y e R R 30 2 A
BERGEWEN FERER ., AFEILE B,
MR B E L AL, BRI %k 1.02x107,
BEE — LA BT AR 2R 2.03%107,
A — T 4 TR0 1 3k 84.6% . HE DR Ak i Tk
Wik He B SRR 4 A R e sk “ii 28”1004
MLk, i EARYE NUREG 5497 RO%ds, HAMERAN
JEAT A ZWE R . Rk, R 7 EE AL R
B 1 IXURSE SR IO A58 T /N M PR g e 114 ABE 23
SR i R R 1 I 2R
3.2 SHMESEFTNENERLERE

R T A AR R G AL R R, R
TREIELERN IR RS, BT
AN, RHSEHEAR R E 2 AR AU A R
FBt, owt— [l ol B e e, X TEE S
WEWDNZHAR T4, W1, 3352, 4%
G AN [ ) 1L e o AR rp B A
W1, 32, 45 B4, TLUE G,
ST WA B ) DR R RN o 2R A A dse /N
HEILK3,



Vol.19, No.5, Oct. 2020 Frd 4B Et IO HEARP E4TER

R3 SHUESARNIE BNR, 33 WEIR TR, B AR T%”“‘iﬂﬂ
Table 3 Diversity group minimum cut set ﬂ( B@ El/] @( Ej‘;}'ﬂ‘ | li-ljl B%:'A E/J ﬁj( E/J }&1_1
2= NI E S zgi;iﬁg MR HA W, TERH T I T, Xﬁﬂ:ﬁﬁﬁizf:ﬁﬁg"ﬁﬁ:
— : — SR, N R o A R Y, ande H
1 173x10™" 0.01 1. 2 BILR N 4 FE R AR 2 e
2 1.73x10™ 0.01 3. 4RILPREN 2 BR AL WAL
3 1.73x10™ 0.01 3. AREILIRIZE N 1 FERAR .
%
4 1.73x10™ 0.01 1. 2 HIERHZ N3 Bk SEXM
(1] . V%Fa&%ﬂ:fx HEARAP R e i 5 e
Bro[J]. AERR2EHOR, 2007, 41 (6): 702-706.
7 < l —_ 7S & ]

3.3 AARMAMEH AT jﬂ:—”’f'j MR ) e, m@n A5 D T R T S 5
AR A FTERI e s, R REAE R B [J). B TS5 AR, 2009, 29 (6): 1272-1281.
bR, JorkiEs AR R M. AT (3] JF. Xkl RO A R 25 Rt A L

SRRl B A O R R T TR A, S HeFE 0 [J]. #sh i THE, 2008, 29 (5): 1262-1264.

ey 5 N TN THE=z, AUE. B (RS T 5EE & EHFEE
US5SSR R TR R Ty (Y T U, BT R SRERIES
Sk [T]. AN, 2019, 40 (1): 82-84.

- 73 b - E
3.36x107", ATERIMBLRERI GO LSIXI07Y R (5) dyme, s, 2ormiean it B Ao T 5555 45

AR F e R R A R g R R ], R L, W7 LI, R TR, 2018, 39 (3): 156-161.

o7 B AIAS BT 500 b b A (6] rrfe NI E A A FREEHE. HAF 102—2016 1% 11) Bl
S [S]. dunt: EEEZ 4R, 2016.

4 it [7] HA A REERIEE AFFEHE. HAD 102/16—2004 #%H1 ) 5T

LA TERGAM [S]. U5t ERBELR, 2004.
IV, 785 A PR R X B AN R R A (8] o [E R AR AL I ZE 5125 GBIT 4083—2005 % % 1 Hk

W, 3.1 AT BN, SREE £ RO LR ROEAEN [S). dUst: dEbRE L, 2005.
N > Ny SZL s A — A e >R
B AN 4 A G R R 2 H, e (9] HEEZRIRMELEIZE 4. GB/T 9225—1999 & HL) %4 &

GerlSEMEST TR (ST, dbst. bRk G, 1999.
V% ZZ 43 S o5 R 1/ STL G2 N
WP RGBT IR, BRUZE AR S A2 [10] wEFEEbREAT FIZE R 4. GB/T 7163—2008 KAL) %4 7

ZREMEAEHE R G ATWT & R G000, D% JER GEATREEATEER [S). Jbat: rhIEFREHR T, 2008.
TR BUSHES B ZREE 24 [11] NRC. NUREG/CR-5497-2015 Common—Cause Failure Parameter
i'g,fq: EI/J T j‘ f/—\'{ml ﬁj{ IE'%,B(TP» N Lﬁi IKE EI/J {}\ Estimations [R]. Washington DC: NRC, 2015.

Reliability Calculation of Digital Protection System in
Nuclear Power Plant by Fault Tree Method

Qiao Ning, Liu Jingbin"
(Nuclear and Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: This paper analyzes the digital reactor protection system of a domestic nuclear power plant, and
makes analysis based on the structure and function of the system, and establishes a fault tree model with the
failure of a reactor shutdown function as the top event.. Through the actual operation data, the risk—spectrum
software was used to conduct quantitative analysis and calculation of the fault tree, so as to obtain the probabili-
ty of shutdown function failure (rejection) of the protection system. It also analyzes the main contribution of the
fault, and provides guidance for the improvement of the design of the nuclear power plant's instrument and con-
trol system and the maintenance of the instrument and control system during operation.

Key words: reactor protection system; fault tree analysis; reliability
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