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Analasys of Similarities and Differences between Safety
Culture and Error Culture

Yin Dejian, Zhang Zeyu', Qi Yuan

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

Abstract: Safety culture and error culture can be simply understood as values and behavioral approaches
to safety and error, respectively. The term of safety culture was born in the nuclear industry and has been
gradually enriched and extended to other high—risk industries. Various industries have carried out a large
number of useful explorations around the safety culture, and accumulated a lot of practical experience.
However, to a certain extent, problems such as insufficient effectiveness of practice promotion have been
revealed. Error culture or error management culture is born in other industries, and its practicality tends to be
more concrete and direct. The concept is easy to understand and easy to follow. Recognizing the similarities
and differences between safety culture and error culture and promoting coordination between them can
contribute to a more dialectical understanding of mistake and risk among decision makers, managers and
staff members. It can also enable people to rationally face and constructively respond to those unavoidable
mistakes, so that people can timely and proactively learn from their mistakes, make continuous improvements,
and ultimately guarantee safety effectively.

Key words: safety culture; nuclear safety culture; error; error management; error culture
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Suggestions and Reflections on the Revision of the
Guidelines for the Aging Management of Nuclear Power
Plants

Hou Chunlin, Chu Qibao, Ma Ruoqun, Lv Yunhe, Sun Liuye’

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

Abstract: Aging is an important safety factors in the periodic safety evaluation of nuclear power plants,
and aging management is an important safety proof content in the application for the renewal of Operation
License of nuclear power plants, the aging management of nuclear power plants in China is mainly based
on the guidelines of aging management of nuclear power plants. With the release of “Nuclear Power Plant
commissioning and Operation Safety Regulation” (HAF103-2022) , the supporting guidelines “Nuclear
Power Plant Aging Management” (HAD103/12-2012) is urgently need to be revised. In view of the revision
of the guidelines for Nuclear Power Plant Aging management, this paper is based on the analysis of the
differences between the current nuclear power plant aging management (HAD103/12 2012 ) and (SSG-
48), combined with the good practice of aging management accumulated in domestic nuclear power industry,
after clarifying the core content of aging management, this paper puts forward some operable revision ideas, it
is suggested that the revision of the guidelines should focus on the methods of ageing management of safety—
critical structures, systems and component, and give the contents of the revision of ageing management
guidelines, it provides reference and support for the follow—up aging management supervision and review of
nuclear power plants in our country.

Key words: nuclear power plant; aging management; operational license extension; guideline revision; aging

management review; time—limited aging analysis
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Table 1 TNPS environment y radiation dose rate

continuous monitoring station
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Table 2 TNPS annual average of environmental y radiation dose rate continuous measurement

HLEHIZATHT (AY 1.2 SHHBTHIE (BY  3~6 SHIAEHE)R (C)
A5, (nGy/h) (nGy/h) (nGy/h) B/A C/B C/A
1% 0121  0.121~0.122  0.115 0.107~0.121  0.115  0.112~0.116 ~ 94.8%  99.8%  94.6%
2% 0109  0.108~0.109  0.112 0.109~0.114  0.111  0.107~0.113  103.2% 98.6% 101.7%
395 0078  0.073~0.082  0.109 0.100~0.113  0.115  0.113~0.119  1392% 106.1% 147.7%
4% 0103 0.096~0.110  0.105 0.100~0.112  0.101  0.086~0.104 102.5% 96.0%  98.4%
595 0088  0.088~0.088  0.088 0.079~0.092  0.103  0.092~0.107  100.0% 116.8% 116.8%
1% / / / / 0.103  0.102~0.104 / / /
125 / / / / 0.108  0.104~0.112 / / /
13 % / / / / 0.089  0.079~0.108 / / /
65  0.085 0.084~0.086  0.085 0.083~0.088  0.088  0.087~0.088  99.8% 102.9% 102.8%
7% 0072 0.071~0.072  0.077 0.074~0.083  0.088  0.083~0.100 107.6% 113.7% 122.4%
8% 0073  0.072~0.074  0.077 0.073~0.089  0.084  0.083~0.088  105.1% 109.9% 115.5%
95 0077 0.076~0.077  0.082 0.075~0.089  0.082  0.075~0.090  106.8% 100.5% 107.3%
105 0.083  0.082~0.084  0.088 0.081~0.094  0.092  0.091~0.094 105.8% 105.1% 111.2%
145 / / / / 0.054  0.053~0.055 / / /
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Fig.1 The impact of environmental change on

environmental y radiation continuous measurement
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Table 3 Significance test about environmental y
radiation dose rate before TNPS unit operation and
during TNPS unit 1 and 2 operation

PLALETTRT 1.2 SHAET en

i EEXI / BEXE R
(nGy/h) (nGyh) — BH

15 32 0121~0.122 22 0.120~0.121 ARE#F
2% 32 0.108~0.110 96 0.111~0.112 §¥
4% 12 0.108~0.111 43 0.111~0.112 REZFE
5% 32 0.087-0.088 96 0.086~0.088 AN
6% 32 0.084~0.086 96 0.084~0.084 i
7% 32 0.071~0.072 96 0.075~0.076 W
8% 32 0.073-0.074 96 0.073~0.074 Ri¥E
9% 32 0.076~0.077 40 0.075~0.076 AREF
10 32 0.082~0.083 96 0.086~0.087 W3
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Table 4 Significance test about environmental y
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(nGy/h) (nGyh) B
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35 28 0.113~0.114 64 0.115~0.116 B3
4% 29 0.104~0.104 54 0.104~0.104 AEF
65 29 0.088~0.088 64 0.087~0.088 KRFE
75 29 0.083~0.083 44 0.083~0.083 KREFE
95 29 0.089~0.090 25 0.089~0.090 REFE

105 29 0.093~0.094 64 0.092~0.093 RN
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The Analysis about 2004-2022 Environment y Radiation
Dose Rate Continuous Monitoring around Tianwan
Nuclear Power Station

Guo Yinglai, Wu Chunyuan, Wang Hu, Chen Yunfeng, Liu Hanhan, Hui Miaomiao

(CNNC Jiangsu Nuclear Power Corporation, Lianyungang 222042, China)

Abstract: Tianwan Nuclear Power Station (TNPS) has constructed environmental vy radiation dose rate
continuous monitoring stations to monitor the radiation level of environmental gamma around the power station.
This article counted the Tianwan nuclear power plant environment y radiation dose rate continuous monitoring
station from 2004 to 2022 to the surrounding environment of the power station. The radiation monitoring results
of the power station were conducted in different operations of the power station. The impact of y radiation
levels can be ignored compared to environmental factors, and the fluctuations of environmental vy radiation
levels are mainly affected by the surrounding environment.

Keywords: Tianwan nuclear power plant; environment y radiation; continuous monitoring
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B 1 VVER-1000 3% RPV T2+ R EE
Fig.1 VVER-1000 type RPV main bolt tension photo

2 ERERFERHELETR

2.1 FTEREMFEIK

% SR AL P SR LU R AN G A TR
FLH RS S PR RS S5 R R iR il & 5
(R BE , B AT ARG JE BT K

s AN B R BT 45 , ] ST s b 3
B, Ab T R R

i HBRE X IR LR AS S E A T, B
A FETAR S S Bl A A T35
22 BREBRETILAR

2 FLIR S B R B R A
H A W IR L 5L T 58 4 L bR B b HIE Bl
SERENR IR B, WAL Se e RV IR R E LA 2 Ty
585 WY R IR L 1 FLAE 52 5 ZR 2 R O T
L AT SR SR b v R R e 2R 4 BT
WA T4 TR B E SBIBr f F R , 1

P AR Y SR MR AL BEAT F2 R il
b Kt IR LA R AN

Bt LN T A5 Bk i XTI,
2.3 EFMIIBINTALEERR

X2 [ R S BN TR S Y L R —
F R T R R LR L R I B A& e T
ESANN F A e LISz hol e 3 TN Ai)

S AR S PR 5 R SL I 0% I8 FLAY R
/N, IRATRE/INI Oy 2P LR

DR R T— ARV EE AR AL 4730 1

R B AL AE AL B 14 S HE TR
J1 A Bt T 2R B, 2 n] i = L
B A BRI, A PR
24 BYHERE

BREUS A5 0 N 22 BRSO S I RE 2 R A
B, HILZIRECR B h RO R 2SI R )
AN A 22 K B 0 T SR — Rl IR P SR
[l A

DA B S50 B Ry PR L ol el A1
BER R DI RE, I RE MOV Ty, PRI SRR IR L, S
REEAH A5

R A X TR LT RO HE T ) A AR R
PRSI TR R, TG RUE T it [T

3 BRABGRRNEA

SR U 4 S AL R 2 AR TR 15 A
T T A, 5 51 5 R FL AT 5 Bk
Hd st R J45 a8 % B IR SCf LR 4 it
TR A M170 x 6-6G, ¥ TOCT 24705-2004 F1
T'OCT 16093-2004 r ifE, B8 4 H 452 166.183~
166.583 mm, N42 M 163.585~164.385 mm.,

FIRFLIR SR AN 2 BT 2K, Bk
PRSI 2,

B2 EhRBTERIARGRAE
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£1 515 M170 x 6-6G B FLERZNEE
Table 1 Measurements results of diameters of thread

M170 x 6-6G in hole No.51
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Fig.3 Diagram of values of inner D, and angle D, diameters of thread of seat, tolerance ranges for inner[ D,min ],
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Analysis and Treatment of Jamming Problem of Main Bolt
of VVER Reactor Pressure Vessel

Lei Shihe

(Jiangsu Nuclear Power Corporation, Equipment Procurement and Supervision Team in Europe,
Lianyungang, 222000, China)

Abstract: Through the analysis and treatment of the jamming problem of the main bolt of the reactor pressure
vessel of Unit 4 in a nuclear power plant during the equipment manufacturing process, this paper explores
the feasibility of receiving as is through simple polishing after the screw hole is damaged due to the jamming
problem. The analysis results show that the bolt hole can be accepted as is by strength calculation when the
damage is not serious. From the perspective of supervision management, it provides theoretical support and
practical guidance for the subsequent prevention and treatment of pressure vessel bolt jam.

Keywords: pressure vessel; main bolt; main bolt hole; jam; strength calculation; preventive measure
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Safety Analysis of SMR on Total Loss of Alternative Power
Condition under Rolling Condition

Liu Jianchang'’, Wang Weiwei', Cao Zhiwei', Ouyang Yong'

(1. China Nuclear Power Technology Research Institute Co., Ltd., Shenzhen 518000, China; 2. Zhuhai
Science and Technology Development Promotion Association, Zhuhai 519000, China)

Abstract: In the present paper, the effects of rolling condition on the total loss of alternative power conditions
are analyzed. The results show that, during the transient, the decay heat is removed by natural circulation
of the primary loop and the PSHR system. Under the rolling condition, the primary natural circulation flow
rate changes on a period of the rolling period. The larger the rolling frequency or amplitude, the flow rate
fluctuation is more violent. The PSHR systems were started later than that under static condition. The more
violent the rolling is, the later the PSHR is put into operation. The heat transfer is enhanced under the rolling
condition, thus the decreasing rate of the RCS temperature is increased. The larger the rolling frequency or the
amplitude is, the larger is the decreasing rate of the RCS temperature.

Key words : rolling condition; total loss of alternative power; natural circulation
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Development and Application of Tool Management System
for Nuclear Power Plant based on WMS System

Wu Min, Su Haibei

(Shandong Nuclear Power Company Ltd., Yantai 265116, China)

Abstract: Under the background of improving the level of refined management, nuclear power plants have put
forward the reform requirements of refined, intelligent and collaborative warehouse management. This paper
takes the development of a tool management system in a nuclear power plant as a practical case, and discusses
the development and application of the tool management system from the MAXIMO system to the WMS system
according to the characteristics of the tool management requirements of nuclear power plants. This paper
discusses in detail the tool management requirement planning, multi-system data interface, management
process function implementation, mobile and intelligent application in WMS system, and analyzes the impact
of system migration on practical applications, existing problems and solutions. Finally, the prospect of the
function expansion and application of tool management in WMS system is introduced, which has reference
significance for the development and construction of tool management in nuclear power plants.

Key words: WMS; nuclear power plants; tool management; mobility; intelligent; application
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Table 2 Application of “three way communication” in eddy current inspection of steam generator heat transfer tubes

FPg B S A R B DR

U A PRERIRAT Sy, 1 AR AT A R BUR, “RQC I/ AR
RQC “THIHHHRAE 2. AR A AR A i P AN R AR SR, RS IE S, AT LA T
RQC f </ #A 75
3. WIBREE S AR 2R B R, BN, RQC I/ A"

2 A PRBRICAT AR, L RHIES R AR AR L, “TLC I /MR
TLC S A 2. FEURFR A, B RFE A h Pl X AN R BN B ki, RIS IEH, ol LAifEfT
TLC i</ #8375
3. BAEREE A AR L A R, “BiIA, TLC i</ AR

3 BE/FBRIRATERE, L RILTES AR AR KL, MR R
ARSI R AR 2. R4 ERIE A T XOMIR R E AR, REIEHR v DA T 54
AR
3. BIERHE 4 T A N R, Bk, BRI R
4 PFBRICAT 4 I release 1. KRS AW LA KL, “RQC C 8, ICIT4F release”;
(R 2. B4  EIRIE A AR KON RN RUE 1, OIREIER, 7T LA TS T
75 release”;
3. BHTTE A i s 2 AU R, “BiA  release”

R3 ARBHETARZERHN “BR” 1 “f]” TANA

Table 3 Application of “self check” and “peer check” tools in the installation of X-ray checking rack

SR T Ak K mi H I T
IR THAE 10 AR BT RASHE5E ) £O ®O NADO £O w0 NAO
SRR 2. NFLALHR R R

3. SAS [l =S A B

4. R REREFEHCES

5. JEA SAS SR EE T4

6. TAEHMNA RS EHE
IR T RS2 1. 23 AN B 25 SAS [H]57 (7 i £O ®O NADO 2O w0 NAO
B 2. 6 m R AL [HE

3. SRS A ARIC H R B SR A

4, T HIRZS PRSI0 L

5. BHAESYAVBIC R R B IS e
FCFHR T HAR 2 1. i e Lo, A iR drid 20 &0 NAQO  EO &0 NAQ
SR 2 2. T HAFEE 2~5

3. IR R

4. B URAE IRk B B, e S IRAS

5. IS RAE N HEL R A




Vol.22, No.6, Dec.2023

242 9%: BARABRLAAZOHRABRSEATGEARE

3 BMAEXRIENAMRS R

0N ) 2022 AR TT AR 4 AR PP AL &5
eI ¥ N & NS CE ) IS UNEES 2N
HE, A5 54577 1 A 35 s 45 KR 2 E N
ARRIGE BT TR K B A, REAR 1 I = 17 52 A |
A L 37 2 TR 5 BEAS £ T AR rh R H] T i
o Tags = agi . AR M A5 T H B A
PR T H B 2 il A B ARG AE LR ; 28 Rl

N BURR  EF MO R I R AT
VINUBIWNCES "0 I 5% N & A DR st
FRAEERE L AR E N — S
BB S5 B, 220 Z2AF RO PR R S, 75
Cos (S on Ll UNUTPNISES 7 N 57 5
RS A Ml Bl N DR a5 T A fe JH AT L 4
THER TR PR R RE A2 W) AN TR A K
-, B TARGE IR . AL ARL A A T R
NHAE B TR R AN S5

EN & PNARESE S5 A W= FOE 1 TPNCAES

Sk
e TEIRIFATIH, -
(1] @55 T B AR GRS ST (1] Tolk%es
4 BZ i, 2016, 42 (12): 44-46.

(2] 08, Z=mhh, W, 2. ) B AR 20 i T E R kil
[J] . oy %asAR, 2019, 21 (4): 4-7.

(3] FA . B Arl B A RIR T H (1] . 25 8h 47, 2019,
(8): 59-61.

LA I 55 B R A% ATl Y B 2T
i W PRIERZ ) e ST R R B
AIPER . Bl N R 4% T RIS AL AT KA % e
R SEAR RS R 7scon - sEE RSP NN

Application of Human Error Prevention Tools in Nuclear
Power Technical Service Companies

Jin Wangming, Jiang Xin, Zhang Wei
(China Nuclear Power Operation Technology Co. Ltd., Wuhan 430223, China)

Abstract:In this paper, the application practice of human error prevention tools China Nuclear Power
Operation Technology Co., Ltd. is summarized and analyzed. The company is a professional company that
provides pre—service/in—service inspection, maintenance and other technical services for nuclear power
plants, which promotes the application and landing of human error prevention tools by integrating human error
prevention tools into technical service activities. For the basic human error prevention tools, the company
solidified the relevant requirements in the procedures, and promoted them by carrying out safety and quality
standardization activities; for situational human error prevention tools, the company identifies available human
error prevention tools based on the potential major risk points of specific production activities, and integrates
them into specific operating procedures. Through the above methods, the company has effectively improved the
effectiveness of human error prevention tools at different levels, improved staff’s human error prevention skills,
and achieved good staff performance.

Keyword: human error prevention tools; Nuclear power; technical service activities; application
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Fig.1 Beach sand mineral processing project process flow chart(blue dashed line represents the path of water recycling)
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Examining the Technical Evaluation of the Beach Placer
Beneficiation Project’s Radiological Environmental Impact
Assessment Monograph

Xia Keying, Dai Jiacheng’, Ren Rong

(Guangdong Environment Radiation Monitoring Centre, Guangzhou 510305, China)

Abstract: Guangdong Province is a major province in the development and utilization of NORM, which is
used for the development and utilization of other radioactive mines. This paper examines, from the standpoint
of technical assessment, the contents that should be taken into consideration in the special section on the
radiation environmental impact of the beach placer beneficiation project: first, the migration and accumulation
of natural radionuclides during the production process, and second, the impact of radiation on the environment,
the general public, and the ore processing staff, for the planning and technical evaluation of the radiological
environmental impact assessment monograph, which also serves as the foundation for the regulation of similar
projects.

Keywords: NORM; beach placer; beneficiation; radiological environmental impact assessment monograph;

technical evaluation
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Design of Simulation and Optimization Control Platform

for Level Control System of Steam Generator in Nuclear

Power Plant

Li Xiaoyu', Liao Binrong', Geng Pengcheng, Kong Xiangsong'"*", Shi Changqing’

(1. Xiamen University of Technology, Xiamen 361021, China; 2. State Key Laboratory of Nuclear Power

Safety Technology and Equipment, China Nuclear Power Engineering Co., Ltd., Shenzhen 518172, China)

Abstract: The optimization of Steam Generator (SG) level control performance in nuclear power plant requires

both efficient optimization method and efficient software platform. In view of the lack of SG liquid level control

performance optimization software, this paper designs a simulation and optimization control platform for steam

generator level control system of nuclear power plant based on MATLAB. The platform integrates the Simulink

model of SG level control system in nuclear power plant and performance optimization method to improve

engineers’ work efficiency. At the same time, the platform uses 3Ds Max and MATLAB for co—simulation to

achieve 3D liquid level display function and improve the degree of data visualization.

Key words: Steam generator level control system; App Designer; Performance optimization; Control platform
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Development and Verification of Multi—physics Coupling
Programs Based on Multiple Grids

Li Zhuangl’z, Sun Guomin"’, Yang Zihui', Fu Juan', Yu Jie"?

(1. HFIPS, Chinese Academy of Science, Hefei 230031, China; 2. Science Island Branch, Graduate
School of USTC, Hefei 230026, China)

Abstract: Neutronics and thermal hydraulics are two important physical processes in the reactor, and data
mapping between them is a prerequisite for multi—physical coupling analysis. Based on OpenMC, an open—
source Monte Carlo computational program, and OpenFOAM, an open—source Computational Fluid Dynamics
program, this paper proposes a data mapping method based on multiple grids and develops a multi—physical
coupling program. The data mapping method and coupling procedure are validated by a single rod model, and
the numerical simulation results good agreement with the literatures. validation results prove the validity and
feasibility of the data mapping method and the coupling program developed.

Key words: OpenMC; OpenFOAM; multi—physics coupling; multi—grid; data mapping
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NuScale #47 # 12455 £ 45 BLIGR0 38 56 Fil
WA AL, 50 i 45 R T IR R AR T
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MS) HEZK 43 32 A T7E R IR sh Wil , LA A AR
IIMTEE R

S5 EA B K HE R K BT A H, i
— RV HNF A, PR NuScale (1744 A
K455 5 5| FIV W52, 175 238 A AU
JUATEAR (RSF JEARFNSZH), I AR TEAR L) Ui
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3.7 NRC HIHF&EENR

NRC TAEN Gk R EXF FIV BF PEAR 3

% 1 NuScale 5818 [F/KHER E LB

Table 1 Comparison of NuScale and typical pressurized water reactor flow rates

e ZRIRKAEAS AR N RREIE M RS RRBOTRE U AR
HEE (SRR (ER/F) GERVED) (BEmd) R/ &) (8% /#D) I a] (F0)
Nuscale 1.2 1.7 3.6 1.5 1,456 60.8
EPR N/A 24 16 30 55,000 9.9
AP1000 N/A 19 16 40 34,800 10.3
US-APWR N/A 23 14 30 54,092 12.6
2 NuScale i BUHREN i EARE
Table 2 Flow induced vibration screening criteria of NuScale
e S i et e

TARTM AR UE M (FED 1. BIFERES] (B5e2b—31), RIUJLAIEAR
2. FESNIEIEE / BAR < 2.0 5 MRG58 43 BRI AR , LA SRR SR IR A 22 8] 4 B Bt
i E (VS) 1. Bl (S K0 —BUW 28 B 40, RIUATIZAR
2. B
3. A R R R B R
Tt HiE (TB) 1. ZZdia CPAT I A ) A R G 0D 5200
2. BT ARE P — AN AT F A A I A2 T A
PR (AR) LA AR A TS JUDEAR 38 2 s 5028 i
2. s las I P I SR R BE
BRI s AR (LFD 1. fEAEBRAEIRIE i sh i A2, B LRk
2. WZS RS A, DL T R 5, DR 2 A 3 Bk 4 2 —
3. B IRE U IE A A T RN R 2 T s A
4. B HE AT LFI I S
B \ g 1. AEBEDE A , RpJLrEAR
(Galloping/flutter) 2. FuH I EPRELL (K /58 /DT 4.0 F TR ATREEHE), /N T 2.0 GF THIR ARHRTE4544)
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Research on Flow Induced Vibration Analysis Method for
Internal Components of Small Modular Pressurized Water
Reactor in the United States

Liu Rui, Sun Shuhai, Liu Yusheng, Wu Yannong

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

Abstract: In order to evaluate the comprehensive vibration behavior of small modular reactor (SMR) internal
components and demonstrate that the internal components have sufficient safety margin under the influence
of flow induced vibration, the US Nuclear Regulatory Commission (NRC) released the 4th edition of R.G.
1.20, “Outline for Comprehensive Evaluation of Internal Component Vibration during Pre operation and
Initial Startup Testing, ” in 2017. The special requirements of the 4th edition R.G. 1.20 for the comprehensive
vibration evaluation of small modular reactor internals were studied, including the special requirements for the
scope of comprehensive vibration evaluation, the special requirements to be considered for the control rod drive
system, and the main pump. We investigated the analysis and evaluation methods of flow induced vibration
in small reactor NuScale internal components in the United States, and analyzed the potential excitation
mechanisms that may affect the vibration of small modular pressurized water reactor internal components. This
provides a reference for the evaluation of flow induced vibration in small modular pressurized water reactor
internal components in China.

Key words: Small Modular Reactor (SMR); Internal components; flow induced vibration; R. G. 1.20
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R 1 FeCrAl FTEERMZEB /KIFET ( <360C ) RIS

Table 1 Corrosion of FeCrAl under simulated power plant water environment ( <360°C )

FILE wt% B ) ‘ .

e o K HAbTR L /C JE b e T e E=i27)]
775 100 6.0 Mo,Nb,Y,Si 290 9 MPa,DH:63 ppb NiFe,0,,Fe;0,, FeCr,0,
81.8 131 53
794 130 6.0
788 13.0 72
787 130 51 Mo,Nb,Y,Si 290 9 MPa,DH:63 ppb a -Fe, 05, NiFe,0,, Fe,0,, FeCr,0,
775 100 6.0 Mo,Nb,Y,Si 290 9 Pa,DO0:2000 ppb Fe,0,,Fe;0,

81.8 131 53
794 130 6.0
788 13.0 72
852 100 48  Zr,Ni,Mo,Si, 290  7Pa,H,:03ppm,pH:5.6  INZ:Fe HHERMA
0,C,S WJZ:Cr JBERMA
85.2 10.0 4.8  Zr,Ni,Mo,Si, 290 7 MPa, O, :1.0 ppm,pH:5.6 «a-Fe,04
0,C,S
680 21.0 11.0 Mo,Y 290 7 MPa, i HIHL F4m 5T HMNZ Fe,0,,Fe,0;,
705 210 5.0 NiFe,0,

|

W2 Cr/Al @S
80.8 151 3.9

82.3 13.1 4.4
85.0 13.0 2.0

852 100 48  Zr,Ni,Mo,Si, 330 15 MPa,H, :3.57 ppm,pH: #NZ:Fe HHERBA
0,C,S 7.2 WJZE . Cr BHERNA

724 144 89 Mo,Si,Ti,V, 340  15.16 MPa SMNZ : o —Fe, 0,
W’NiaY WE:CI' %%9&%6

AR 220 58  Si,Mn,C 360  18.5 MPa,pH:7.0-7.5 FeO,Fe,0,, a —Fe,0,

N 129 50 Mo,Y,S,P,0, 360 19 Pa, 1200 ppm H,BO; HSNZ :Fe,0,

A 129 50 N.H 2.3 ppm LiOH )2 :FeFe, ., ,Cr, AL Mo,0,

DO: < 5 ppb I PE R Cr-Al ALY

FeZ*dissolution O, diffusion Fe**dissolution O, diffusion Fe;0, Fe" Compact spinel

1 FeCrAl 7£ H,BO, 1 LiOH 7K. 33 8 T i & g 720
Fig.1 The corrosion process of FeCrAl in H;BO; and LiOH aqueous chemical environments
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R 2 FeCrAlFEFBIMET ( =600CT ) BYFEHH

Table 2 The corrosion of FeCrAl under high temperature environment ( =6007C )

FILE wt% B } ‘
HApooE MR /°C JE T s g R e Ak
Fe Cr Al
b 10.0 4.0 Si,Zr 600 0, HME :Fe, 05, Fe,0,
0,,H,0 W2 :(Fe,Cr, Al) - 35447
0,,H,0,KCl
72.0-92.0 5.0-25.0 1.0-6.0 KL 600 0,,K,CO, 412 :Fe,05,Fe,0,
WE{:(FG,CY,M>3O4
Ao 5.3 2.7 eS| 1000 0, FeOx, (Cr,Al),O,
Aein 13.1 43 Mo,Nb,C,N H,0(g) FeO, o -ALO,
66.0 20.8 11.1 0,Mo 1000-1200 H,O(g) a -ALO;, a-FeCr,
X —-Mo;CrcFe g
84.9 12.9 2.1 C 1200 H,0(g) Fe,0,,Cr,0;,ALO;,
84.0 12.8 3.2 FeCr,0,
83.2 12.8 4.0 C 1200 H,0(g) ALO,
82.1 12.8 5.1
81.2 12.9 5.9
A 13.1 43 Mo,Nb,C,N 1200 H,0(g) a -AlLO;,FeAl,
FNin 22.0 5.8 Si,Mn,C 1200 H,0 (g) a -ALO,

Wk 2 fr s, 78 a] i B X [E] (~600 °C ),
FeCrAl 18 i3 300 55 — ORI AR 43 3 —
PRIPARIIE 1, BINFRR fi A1 RSP Fe A0
(Fe,0; B0# Fe;0,) ML M. JEMMEEF&5
R R RO A R B £ )2
ERRE S Y . SR8 TE R AL/Cr AL
Y15 FeCrAl $iL/E M VI

TERIRIXA] (~>1000°C ) ZE I H R Tl )
FeCrAl i 2318 . ALO, 2, 164 4> 3% it WL
FLEAN R RS B LA . X2 T ALJE [ b
P HBOC AR 2 T T LB, an SRR gk s
Th i, - BeR SR SE 1w ESUR 0 4R B A
YIZFREPFLIIE . £ =77 T T FeCrAl
B AR REHD o -ALO, 7] L1 H 1k H Al
TCER AL, SR D R L A, ALO; 1Y
e DL R . y—ALO; — 6 —~ALO, — o -
ALO; 5 y—ALO, — 8 ~ALO,— 6 —~ALO;— o —
ALO;., WA (v, 8, 0)ALO, JER T =500C
T XA 18] o —ALO, 1 ¥ 75 58 4 Kk A TR

900°C ~1000 °C il &£ X [H] ), FeCrAl & 41 Cr
AL E A b S 02E ALO; FEAR Y o T
Fe,0; fill Cr,05 J& A & TEINRZETA N -4 b
Y. fEEER ,Fe Ml Cr AL 52808 R B
N 7 R PR S A AR, S 1T DA 4 2R 1T R
7% , Bl J5 FeCr,0, B E R A AL =Y. AlFe,
)2 H ) AR DT ER AL R T 5 FeCrAl 4 4
Fe J5i Ml e AL AZ AR HME L. B2, A
[F] Py R A T B ARG 25 5 B8O [R] i SR AL A 1
TE

2 20 FeCrAl [ E=

K FIREE R RN
B —POR AR 2E A (L) IR T8
TR EE) A IR AN U B AL T A & A A AL
FIEF (Cl°, F~, SO, FHEF (Mg™" . Na', Si*
), IFERIN Zn B E 4 R 4

Vs fitt 2 (DH) AR 52 (DO) 17K Ak 2- 3085
2 FeCrAl &4 A W L= d i, i 2t

2.1
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N Hf PR ANER ALOS TR 1Y Cr K T38E e AL YT
FALITRE IR Cro T AL B IA BT LUA R0 A BT
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Shixin
(Science and Technology on Reactor System Design Technology Laboratory, Nuclear Power Institute of
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Abstract: With the deepening of Accident Tolerant Fuel (ATF) research and the development of new
materials, FeCrAl is attracting attention due to its high strength, excellent deformability, high temperature
oxidation resistance, and the corrosion resistance of FeCrAl cladding directly affects the safety and
performance of fuel cores. In this regard, this paper analyzes the corrosion behavior of FeCrAl from its
corrosion behavior mechanism, through the oxidation kinetics, corrosion process and influencing factors, in
order to provide a reference for the corrosion study of FeCrAl in light water reactors. The investigation results
show that there are differences in the corrosion resistance mechanisms of Cr and Al elements in FeCrAl alloys.
The corrosion of FeCrAl alloys is complex under different oxidation media and temperatures, accompanied by
the formation of single or multiple layers of oxides with different composition and morphology.
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The Monitoring Technology and Control of Water Quality
of Primary Water of the Swimming Pool Reactor

Yin Jing, Wang Ling

(China Institute of Atomic Energy, Beijing 102413, China)

Abstract: 49-2 swimming pool reactor is experiment research reactor by using light water coolinig and
slowing down.The primary water is in direct contact with the fuel.Water quality affects pipeline life., thus it’s
necessary to bring forward a simple method to control the impurities in the water as well as preventing the
same situation from happening again. In order to achieve this goal, this article summarizes and statistics the
water quality detection methods and measurement results of the primary circuit of the 49-2 reactor. The results
show that the ion detection methods of the primary circuit of the 49-2 reactor have been gradually updated
and improved in the past few decades of operation. The operators of the 49-2 reactor strictly control the water
quality of the primary circuit and always maintain it within the operating limits, ensuring the safe operation
of the reactor. This result can provide a reference basis for the application and retirement management of the
49-2 reactor for continued operation.

Key words: Primary water; lon content; Cooling water quality; Control of water quality
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Table 1 The test results of uniformity and outliers of the total o and B in water samples

et R S RERREZ SR G || RS TR E RRREXE SR G
W1-01 3915 3873 59.0 0.94 W1-51 3826 3794 44.8 0.24
W1-02 3832 0.17 W1-52 3763 1.08
Wi-11 3838 3898 84.8 0.08 W1-61 3918 3948 42.0 0.98
Wi-12 3958 1.51 W1-62 3978 1.76
Wi1-21 3873 3834 55.7 0.38 W1-71 3892 3927 49.9 0.63
Wi1-22 3794 0.66 W1-72 3962 1.56
Wi-31 3750 3784 47.8 125 W1-81 3830 3774 78.9 0.19
W1-32 3818 0.35 W1-82 3719 1.67
W1-41 3774 3825 72.5 0.94 W1-91 3819 3786 46.3 0.34
W1-42 3876 0.42 W1-92 3753 1.21
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Table 3 Comparison results and evaluation of the total o in water

LR, ME{E 4/ (Bgkg)  INEHH B/(Bgkg)  SPRMPMEMAM S ZBME  SEHEN FUXTIPAEER

1 1.53+0.11 1.42+0.10 2.09 -0.73 T
2 1.76 +£0.20 1.64 +0.21 2.40 0.35 T
3 1.83+0.28 1.75+0.26 2.53 0.78 Tt
4 1.77 £0.22 1.76 £0.22 2.50 0.66 T
5 1.79+0.17 1.72+0.18 2.48 0.61 T
6 _ _ _ _ _
7 1.74 +0.14 1.71 £0.14 2.44 0.47 Tt
p _ _ _ _ _
9 1.87£0.11 1.71 £0.10 2.53 0.78 Wi
10 1.56 £0.13 1.53+0.13 2.19 -0.40 W=
11 1.54 0.09 1.52£0.08 2.16 -0.47 T
12 1.57 £0.11 1.48 +0.10 2.16 -0.49 W
13 1.68 £0.24 1.28+0.18 2.09 -0.71 W
14 1.83+0.12 1.65+0.12 2.46 0.54 T
15 1.88 £0.11 1.83 £0.11 2.62 1.10 W
16 1.62+0.12 1.57+0.12 2.26 -0.16 W
17 2.12+0.33 2.01+0.31 2.92 2.11 ] EE
18 1.57 +0.23 1.55+0.23 2.21 -0.33 W
19 2.17+0.39 2.02+0.37 2.96 2.25 Cif-3
20 — — — — —
21 1.68 +0.24 1.65 +0.24 2.36 0.18 W=
22 — — — — —
23 1.59 +0.16 1.58 +0.15 2.24 -0.20 b=
24 1.63+0.11 1.58 +0.11 227 -0.11 W=
25 1.38 £0.07 1.37+0.08 1.94 -1.22 PN
26 1.55+0.18 1.48 +0.16 2.14 -0.54 iD=
27 — — — — —
28 1.50 £ 0.23 1.49 £0.22 2.11 -0.64 b=
29 1.66 +0.21 1.57£0.20 2.28 -0.06 T
30 2.09+0.51 2.02 +0.46 291 2.06 CiF-3
31 2.13£0.33 2.09 +0.32 2.98 2.32 Al 5E
32 1.03 +0.04 0.96 = 0.04 1.41 -3.05 AN
33 1.44£0.14 136 £0.14 1.98 -1.10 i
34 1.57 +0.20 1.55+0.19 221 -0.33 P
35 1.66+0.14 1.62+0.15 232 0.06 i
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T EAS A A4/ (Ba/kg)  WIE(H B/ (Ba/kg)  SERXARMEMLFI S ZBMH  SCEREE XS PP EE R

36 2.11+0.14 1.75 £ 0.11 2.73 1.46 T

37 1.98 £0.20 1.72 £0.13 2.62 1.07 =S

38 1.29 +0.15 1.25+0.16 1.80 -1.72 T

39 2.12+0.21 2.04+0.20 2.94 2.18 Cigd

40 1.87 +0.34 1.81+0.33 2.60 1.02 it

41 1.51+0.16 1.49 +0.16 2.12 -0.61 Tt
45RA 36 36 36 — —
LA 1.67 1.60 2.30 — —
FRifE IQR 0.2094 0.1927 0.2936 — —

&4 Kk p HILEXERRITFM

Table 4 Comparison results and evaluation of the total B in water

Ly U WE(E 4/ (Ba/kg)  ELE B/(Bakg)  APRXARMELAIS  ZBH  SCHREN OGN SS

i

1 6.83 +0.31 6.53 +0.29 9.45 1.02 il =
2 4.92+0.13 4.86+0.13 6.92 -1.01 T
3 4.89£0.13 4.86+0.13 6.90 -1.03 T
4 5.03+0.12 5.00 0.12 7.09 -0.87 T
5 4.28 +0.07 424 +0.07 6.03 -1.73 T
6 6.11+0.38 5.85+0.36 8.46 0.23 T =
7 6.63 +0.35 6.56 + 0.34 9.33 0.93 T
8 5.61£0.45 5.56+0.45 7.90 -0.22 W
9 4.82 +0.06 4.41 +0.06 6.53 -1.33 HE
10 6.69+0.16 6.50+0.15 9.33 0.93 HE
11 5.90 = 0.20 5.71 £0.20 8.21 0.03 T
12 5.77+0.29 5.71+0.29 8.12 -0.05 s
13 5.14+0.53 4.92+0.51 7.11 -0.85 T
14 6.06 +0.05 5.74+0.05 8.35 0.14 T
15 6.33 +0.04 6.07 + 0.04 8.77 0.48 R
16 5.36+0.38 521+0.37 7.48 -0.56 R
17 5.95+0.59 5.83+0.58 8.33 0.13 ip=N
18 6.80 +0.56 6.65 +0.55 9.51 1.08 =N
19 8.23 +1.08 8.18+1.12 11.61 2.76¢ -3
20 4.93+0.07 4.67+0.32 6.79 -1.12 il =
21 4.99 +0.10 4.95+0.10 7.03 -0.92 Tl
22 4.93 +0.54 4.87 +0.54 6.93 -1.00 R
23 5.03£0.27 4.63 025 6.83 -1.08 R
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FEeFEAS  WEE 4/ (Bg/kg) WA B/ (Ba/kg)  APRXARMEAAIS  ZB{H  SERRE[EICXT PSS
24 5.62 +0.02 5.58 +0.02 7.92 -0.20 =N
25 4.81+0.18 4.45+0.17 6.55 -1.31 il =
26 4.59 +0.45 4.54 +0.47 6.46 -1.38 T
27 6.06 + 1.30 6.01+0.73 8.54 0.29 Tl
28 6.22 +0.93 6.18 +0.93 8.77 0.48 T =
29 5.75 +0.40 5.62+0.38 8.04 -0.11 Tl =
30 7.45+0.43 6.64+0.43 9.96 1.44 HE
31 5.99 +0.60 5.87 +0.58 8.39 0.17 HE
32 5.44 +0.04 5.41 +0.04 7.67 -0.40 W
33 6.34 = 0.08 6.23 = 0.08 8.89 0.57 T
34 5.82+0.29 5.78 = 0.29 8.20 0.02 T
35 7.41+0.61 7.39+0.59 10.47 1.84 T
36 522+0.11 5.08+0.11 7.28 -0.72 T
37 6.74+0.19 6.410.16 9.30 0.91 R
38 6.63 +0.81 6.53 +0.84 9.31 0.91 il =
39 5.84+0.52 5.80 +0.52 8.23 0.05 il =
40 5.84+0.76 5.72+0.74 8.18 0.00 T
41 5.72+0.34 5.69 +0.34 8.07 -0.09 il =

SRR 41 41 41 — —
LA 5.82 5.71 8.18 — —
FrifE IQR 0.9637 0.9118 1.2425 — —
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An Intercomparison of the Total o and Total B in water
between 41 Radiation Monitoring Laboratories in China

Zhang Wengian', Wu Liansheng’, Huang Miao’, Xiao Peng'’

(1. Nuclear and Radiation Safety Center, MEP, Beijing 100082, China; 2. Suzhou Nuclear Power
Research Institute Co., Ltd., Suzhou 215004, China; 3. Nuclear and Radiation Safety Center of Gansu
province, Lanzhou 730020, China)

Abstract:In order to promote the technical exchange and improve the technical level among radiation
monitoring laboratories. The Nuclear and Radiation Safety Center , together with Suzhou Nuclear Power
Reserch Institute (SNPI), organized the measurement of total radioactivity in water between aand B . A total
of 41 unit laboratories participated in the evaluation, and the results were evaluated by the robust Z—score
method. A total of 36 radioactive companies reported results of o, of which 30 were satisfactory, 5 were
abnormal, and 1 was outlier. A total of 41 radioactive companies reported results of [, of which 40 were
satisfactory and 1 was abnormal. By organizing national radiation monitoring and comparison activities, the
satisfaction rate of statistical results was 83%~97%, basically mapping out the total o and B radioactivity
measurement levels in water across the couniry, and accumulating experience for carrying out various
comparison work in the future. The annual regular comparison of radiation monitoring projects can provide
an effective method for monitoring and analysis quality control, and provide support for the laboratory to
continuously issue reliable data and results to the outside.

Key Words: gross o ; gross B ; comparison and evaluation; quality control
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Fig.2 Simulation results on the impact of inter unit collaboration on organizational reliability
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Fig.3 Simulation results on the impact of differences in executive abilities on organizational reliability
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Analysis of the Impact of Inter—unit Collaboration on
Organizational Reliability in Multi—unit Nuclear Power Plants

Yong Nuo, Xia Dongqin, Wang Feipeng, Ge Daochuan

(Institute of Nuclear Energy Safety Technology, Hefei Institutes of Physical Science, Hefei 230031, China)

Abstract: The design scheme of “one site with multiple reactors” brings new challenges to the safe operation
and maintenance of nuclear power plants (NPP), and the organizational error is the most common contributing
factor to accidents in multi—unit NPP. At present, a unified theory on the mechanism of organizational
human error in multi—unit NPP has not been formed, and relevant analysis methods have been developed in
the context of single—unit NPP. There is insufficient research on the mechanism of the impact of the inter—
unit collaborative behavior between multi—unit NPP on the organizational behavior reliability. Based on
the organizational reliability model proposed by Furuta, combined with the characteristics of organizational
behavior under the multi—unit scenario, a mathematical network model for organizational reliability for multi—
unit NPP is established. Taking the dual unit NPP as an example, the impact of inter—unit collaborative
behavior on organizational behavior reliability of multi—unit NPP is analyzed through simulation. It is shown
that the inter—unit collaboration can effectively improve organizational reliability in situations of insufficient
resources. Compared to independent operation of single unit, inter—unit collaboration has a higher tolerance for
insufficient capabilities of individual members within the organization.

Key words: organizational behavior; reliability; multi—unit nuclear power plants; inter—unit collaborative

behavior; mathematical network model
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